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Series Preface

When Denis Diderot started the first encyclopedia in the eighteenth century, it
was a groundbreaking and timely event. It was the time of the Enlightenment,
and knowledge was seen as something which was to be spread to many and to
build upon by creating new knowledge. His ambition was to bring all available
knowledge together in one series of books so that every person who could read
has access to all there is to know. Nowadays, in a time of easily accessible
knowledge, the question is whether there is still need of an encyclopedia. It is
obvious that the amount of knowledge is such that it is not possible to bring it
all together in one encyclopedia. One may argue that the Internet is the
encyclopedia of today, but that misses an important point of Diderot, a point
that is probably even more valid today. He created a team that valued infor-
mation and selected what was worth to be presented in the encyclopedia. He
recognized that science is not a democratic process where the majority decides
what is true and valuable, but rather a growing body of knowledge in which
radical ideas from individuals may bring about huge changes, even though
most would reject these new ideas in the beginning. Indeed, the Internet lacks
such authority and it is not easy to select valuable information from nonsense,
especially when one is not an expert in a certain field.

It is therefore that an encyclopedia is only as good as the team that creates
it. It goes without saying the team that is responsible for the Encyclopedia of
Pathology consists of recognized experts in the field. Pathology is a growing
medical discipline in which the amount of information is probably already
more than that the whole encyclopedia of Diderot contained. For experts in
subspecialties within pathology, it is already almost impossible to keep an
overview on new developments and to select relevant from less relevant new
information. There are plenty of textbooks for every disease group, and
scientific literature is available for most pathologists through PubMed or
GoogleScholar. What is lacking is a systematic overview of what we know
in an alphabetical order, easily accessible to all. The encyclopedia of pathology
fills that gap. It is written by experts with the general pathologist in mind and
also specialist from other disciplines. It will consist of a series of volumes on
subspecialties, and when it is completed there will be an online version
combining these. Yearly updates from the online version is foreseen and
readers are welcome to provide suggestions for improvement. These will be
judged by the editorial team in order to keep the encyclopedia authoritative yet
using the expertise of many.
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Finally, it is my hope that the encyclopedia will grow into a reliable body of
knowledge in pathology, enabling communication though a common lan-
guage, and that it will grow and adapt to new developments.

Nijmegen, the Netherlands J. H. J. M. van Krieken
July 2019 Series Editor
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Volume Preface

When Professor J. H. J. M. van Krieken (Han) came to me a few years ago with
the proposal of being Editor of the Hematopathology section of the Encyclo-
pedia, I was honored; although aware of the importance of the task, I rapidly
accepted for four main reasons: first of all, the excellent previous collaboration
with Han in a European collaborative project of molecular hematopathology
underlining the importance of collaboration and links between pathologists
throughout Europe; second, the importance of gathering in a single section
blood, marrow, lymph node, extranodal hematopathology, which often, par-
ticularly in Europe, involves not only histopathologists but is crucial for a full
understanding of hematological disorders; third, the close ties between the
hematopathologists of European Association for Haematopathology and the
US Society for Hematopathology facilitating the discussion and friendship
between these pathologists, many of them being contributors to this section;
fourth, the fact that this project concerns an Encyclopedia and that Denis
Diderot is one of my favorite French writer and philosopher.

This project would have not been feasible without the expert contributions
of numerous colleagues from the USA and Europe, thanks to the exchange
during our regular annual meetings between our two societies. I thank them for
dedicating part of their busy time to this project. I would also like to thank our
Asian colleagues whose contributions have been instrumental particularly for
some entities well known in this part of the world. The occurrence of a first
joint workshop between Chinese Society for Hematopathology and US Soci-
ety for Hematopathology in the end of 2019 underlines the emerging and
important links we should all develop with all our Asian colleagues in the
future as well as with pathologists of Africa, Middle East, and South America.
This Hematopathology section is really a TEAM book, suggested by the
acronym TEAM, “Together Everyone Achieves More,” as large contributions
have been made by pathologists, hematologists, scientists, and clinicians.

Hematopathology Encyclopedia contains majority of entries on reactive
and neoplastic diseases of hematopoietic and lymphoid tissues as well as a
review of normal blood, bone marrow, and lymph node. Of course, the entries
took into account the new changes from the 2016 WHO classification of
hematopoietic and lymphoid neoplasms. Besides cytopathology and histopa-
thology, the input of phenotypical and molecular characteristics is detailed as
well as differential diagnoses for each entity. Illustration with many typical
figures of each entry is present to facilitate the understanding of the entry by
the reader. Choosing a reasonable number of entries to cover all the aspects of
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hematopathology has been a challenge and is not supposed to be the true or real
list of entries for hematopathology as Diderot pointed out years ago (Citation
below). In addition, as we know that name of entities, often given by pathol-
ogists, changed a lot with time, the pathologist should be familiar both with the
updated nomenclature and also the previous ones (synonyms section present in
each entry) sometimes to facilitate the understanding with their clinician. The
crucial tie of the pathologist both with the clinician on one side and with the
scientist on the other is strongly stimulating for the development of pathology.
We hope that this section, which is the illustration of a nomenclature at one
specific timeline, will be useful for students, pathologists, physicians, biolo-
gists, and scientists. With the future development of the online version, we
thank in advance any reader for suggestion or comments to upgrade this
section. The rapid development of molecular tools as well as artificial intelli-
gence will surely strongly modify the work of the young pathologists, but it
is skills as clinician of the tissue that will always be important to maintain the
health of our patient.

On doit exiger de moi que je cherche la vérité, mais non que je la trouve.
One may demand of me that I should seek truth, but not that I should find it.
Pensées philosophiques (1746), Denis Diderot, éd. Thomas Crudeli, 1777,

pensée 29, p. 53

Paris, France Thierry J. Molina
July 2019 Volume Editor
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A

Acute Leukemia, Ambiguous
Lineage

Anna Porwit
Department of Laboratory Medicine and
Pathobiology, University Health Network,
Toronto General Hospital, Toronto,
ON, Canada

Synonyms

Bilineage acute leukemia; Biphenotypic acute
leukemia; Mixed-lineage leukemia

Definition

According to the World Health Organization
2008 classification of tumors of hematopoietic
and lymphatic tissues, the category “acute leu-
kemia of ambiguous lineage” includes mixed
phenotype acute leukemia (MPAL), acute
undifferentiated leukemia (AUL), and
a provisional entity of natural killer (NK) cell
lymphoblastic leukemia/lymphoma (Borowitz
et al. 2008) (Table 1).

MPALs are characterized by blasts that
express antigens of more than one lineage to
such a degree that it is not possible to assign
the leukemia to any one lineage with certainty.

MPALs can contain distinct blast populations,
each of a different lineage, or one population
with multiple antigens of different lineages on
the same cells.

In extremely rare cases of AUL, although
markers of all lineages have been investigated,
no significant lineage-associated marker expres-
sion is detected on blast cells except for CD34
and/or HLA-DR. NK cell lymphoblastic leuke-
mia/lymphomas appear morphologically and
immunophenotypically to derive from immature
NK cells.

Clinical Features

• Incidence
The frequency of MPAL using the 2008
WHO criteria is low. Retrospective analysis
of a pediatric acute leukemia cohort
(633 patients) found that 1.7% of cases ful-
filled MPAL WHO 2008 criteria (Al-Seraihy
et al. 2009). A retrospective meta-analysis of
major recent studies of biphenotypic acute
leukemia using the 2008 WHO criteria
(7,627 patients totally) found 119 patients
(1.6%) who could be classified as MPAL
(Weinberg and Arber 2010). Incidence of
true AUL and NK cell lymphoblastic leuke-
mia/lymphoma is extremely low and not well
defined.

© Springer Nature Switzerland AG 2020
T. J. Molina (ed.), Hematopathology, Encyclopedia of Pathology,
https://doi.org/10.1007/978-3-319-95309-0
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• Age
Acute leukemia of ambiguous origin can occur
at any age, including infants. There is no dif-
ference in incidence between children and
adults.

• Sex
There is a slight male predominance (M:F 1.6
(Matutes et al. 2011)).

• Site
Most patients present as acute leukemia
with symptoms of bone marrow failure
(Weinberg and Arber 2010). There may also
be extramedullary involvement at
presentation.

• Treatment
There is no standard therapy for MPAL.
Retrospective analysis of 100 cases
suggested that acute lymphoblastic leukemia

(ALL)-directed treatment seems more effec-
tive with a higher response rate and better
outcome compared with an acute myeloid
leukemia (AML) or to an AML + ALL
schedule. MPAL patients should be consid-
ered candidates for consolidation with
intensive chemotherapy and stem cell trans-
plantation at first remission, particularly in
those who achieve CR but remain positive
for minimal residual disease (Matutes et al.
2011).

• Outcome
In several studies in adults, patients
with MPAL had a worse prognosis in
terms of achieving complete remission and
overall survival when compared with
AML or ALL patients (Weinberg and
Arber 2010). Children have better prognosis

Acute Leukemia, Ambiguous Lineage, Table 1 WHO
2008 classification of acute leukemias of
ambiguous origin and expression of lineage assignment

markers for mixed phenotype acute leukemia (MPAL)
(Borowitz et al. 2008)

Category
B-lineage:
CD19a

T-lineage:
CD3b

Myeloid lineage:
myeloperoxidasec

Monocytic lineaged: CD14,
CD11c, CD14, CD64, lysozyme,
nonspecific esterase

Acute
undifferentiated
leukemia

� � � �

MPAL with t(9;22)
(q34;q11.2)
BCR-ABL1

+ �e + �

MPAL with t
(v;11q23), MLL
rearranged

+ � � �

MPAL, NOS
B/myeloid

+ � � �

MPAL, NOS
T/myeloid

� + � �

MPAL, NOS other + + + �
Natural killer cell
lymphoblastic
leukemia/
lymphomaf

� � � �

aHas to be corroborated by expression of one (if CD19 bright) or two (if CD19 dim) B-cell markers
bCytoplasmic and/or membrane by flow cytometry. Due to cross-reactivity with CD3e, cytoplasmic CD3 can also be
detected by immunohistochemistry in NK cells
cDetected by cytochemistry and/or immunohistochemistry and/or flow cytometry
dTwo of monocytic markers are needed to establish monocytic lineage
eVery rare
fProvisional entity
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than adults, and children with MPAL seem
to have similar prognosis as children
with ALL (Weinberg and Arber 2010).
The overall median survival in a retrospective
series of 100 cases was 18 months, and
survival at 5 years was 37%. Median survival
for children was 139 months versus 11
months for adults. Age, BCR-ABL1, and
type of induction therapy were significant
strong predictors for survival (Matutes et al.
2011).

Microscopy

Most patients present with blastic morphology,
which is mostly uninformative (Fig. 1). MPAL
cells appear most often as morphologically
undifferentiated agranular blasts but sometimes
may differ in size and display more lymphoblas-
tic or more myeloblastic cytology. In some
cases, two types of blasts with a distinctive size
and morphology point to the bilineal leukemia
(Fig. 2).

Immunophenotype

The initial diagnosis of acute leukemia (AL)
relies strongly on immunophenotyping. Cyto-
plasmic myeloperoxidase (MPO) detected by
cytochemistry, immunohistochemistry (IHC),
or flow cytometry (FCM) is considered as the
most significant marker of myeloid lineage. In
cases with monocytic differentiation, which
may lack MPO, the presence of nonspecific
esterase by cytochemistry, cytoplasmic lyso-
zyme, or surface CD14, CD11c, CD36, or
CD64 by FCM can be used. B-lineage assign-
ment is based on CD19 expression. If the CD19
labeling is bright, the presence of another B-
lymphocyte marker is considered enough to
establish B-lineage. If CD19 expression is of
low intensity, the presence of two other B-line-
age-associated markers will be necessary. The
markers corroborating B-cell lineage can be

chosen between cytoplasmic CD79a, CD22,
and CD24, intracytoplasmic m-chains, and
(less frequently expressed in MPAL) CD20 or
CD21. The expression of CD10 can also be
considered in this context as a B-lineage-related
marker.

The strongest marker indicating T-lineage is
the cytoplasmic expression of CD3, which must
be investigated with a bright fluorochrome such
as phycoerythrin or allophycocyanin and
appears as a strong labeling. The presence of
other T-cell-associated markers such as CD2,
CD5, or CD7 is not lineage specific since some
of these markers can be seen on myeloid cells in
AML and therefore should only be considered
when associated with cytoplasmic CD3 for
MPAL diagnosis. In most cases, at least
a subset of blasts shows coexpression of the
markers on the same cells (Fig. 3). In rare cases
of bilineal proliferations, two different blast
populations can be detected, usually with differ-
ent scatter characteristics suggesting different
sizes. The diagnosis of MPAL without an
access to fresh tissue and flow cytometry
studies may be a challenge. However,
a suspicion of MPAL can be raised using immu-
nohistochemical staining of a bone marrow
biopsy or extramedullary infiltrate in tissue sec-
tions if blastic populations express CD3 and/or
MPO or MPO and/or more than one other B-cell-
associated markers such as CD79a, PAX5,
CD22, and CD10 (Fig. 4).

AUL can be identified only after an extensive
immunophenotyping. The expression of classi-
cal myeloid and lymphoid markers and
also markers associated with plasmacytoid den-
dritic cells (CD4/CD56), basophils, mast
cells, and NK cells has to be excluded.
Thus, cases of AUL may express only HLA-
DR, CD34 and/or CD38, and/or TdT. NK
cell lymphoblastic leukemia/lymphoma is still
rather poorly defined; cases may share
CD34, TdT, and some T-cell markers such as
CD2 or CD7 and can express CD56, rarely
CD16, and sometimes CD94 or CD161. Panels
of anti-KIR antibodies may be required to better
characterize these cells.
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Molecular Features

Two separate MPAL entities recognized by WHO
2008 are MPAL with BCR-ABL1 and MPAL with
the MLL gene rearranged (Borowitz et al. 2008).
Different cytogenetic abnormalities were

described in various case reports (Manola 2013).
Approximately 30% of cases demonstrate com-
plex karyotype, and several hyperdiploid/near-
tetraploid cases were described (Matutes et al.
2011; Manola 2013). Molecular genetic studies
are still very scarce.

Acute Leukemia, Ambiguous Lineage, Fig. 1 (a)
Bone marrow smear from a case of T/myeloidMPAL show-
ing undifferentiated, agranular blast population. No matura-
tion is seen in hematopoiesis. Obj.x63. (b) Bone marrow
biopsy from the same case confirming dominance of blasts

in the bone marrow. Obj.x40. (c) Immunohistochemical
stains show positivity for CD34 and CD117 in the whole
blast population. Large fraction is positive for CD3, and
a minor population is positive for myeloperoxidase. Leuke-
mic cells were also positive for CD33 (not shown)
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Acute Leukemia, Ambiguous Lineage, Fig. 3 Flow
cytometry analysis of bone marrow in the same case as in
Fig. 2 reveals major population of B lymphoblasts (CD19+,
cyt.CD79a+, CD22dim, blue arrows) and minor population

of myeloid blasts positive for MPO, CD64, and CD33
(green arrows). Rare cells are positive for both B-cell and
myeloid markers (brown arrows)

Acute Leukemia, Ambiguous Lineage, Fig. 2 (a)
Bone marrow smear from a case of MPAL B/myeloid with
t(4;11)(q22;q23), MLL-AF4. Most blasts are small to
medium sized with scant cytoplasm, but rare large blasts

with abundant cytoplasm are also present (Blue arrow). Obj.
x63. (b) Cytochemistry in the same case shows a fraction of
cells positive for nonspecific esterase suggesting monocytic
differentiation (Red arrow) Obj.x63
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Differential Diagnosis

It is important to identify MPAL and not mis-
diagnose them as ALL or AML by using
immunophenotypic panels not comprehensive
enough. It is of clinical importance, since some
refractory cases of acute leukemia, with poor
response to therapy, could well represent undetected
MPALs by error assigned to a single lineage.
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Acute Myeloid Leukemia and
Related Neoplasms
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Synonyms

Acute myelogenous leukemia; Acute non-
lymphocytic leukemia; Agranular CD4+ CD56+
hematodermic neoplasm; Agranular CD4+ NK
cell leukemia; Blastic NK cell lymphoma; Blastic
NK leukemia/lymphoma

Definition

Acute Myeloid Leukemia (AML) is a bone mar-
row cancer, characterized by the clonal expansion
and lack of differentiation of early myeloid cells.
In the majority of cases, the diagnosis of AML
requires a myeloid blast count�20% of nucleated
cells in the blood or bone marrow. Blasts can also
infiltrate other organs or tissues such as skin,
gums, or lymph nodes. Rarely AML can present
as an isolated myeloid sarcoma in any tissue. The
definition of myeloid blasts includes abnormal
promyelocytes in acute promyelocytic leukemia
(APL), and promonocytes in monocytic/mono-
blastic AML. Almost any myeloid lineage can
be affected; myeloid or monocytic are relatively
common, but rare basophilic, pure erythroid and
megakaryocytic forms of AML exist.

Classification
AML is an extremely heterogeneous disease, with
many distinct subgroups defined by specific mor-
phological, cytogenetic, molecular, and gene
expression characteristics. The World Health
Organisation (WHO) has classified AML
according to some of the most significant clinical,

morphological, cytogenetic, and molecular path-
ological factors (ref) (Table 1). Other subgroups
include AML with myelodysplasia-related
changes, therapy-related myeloid neoplasms,
myeloid sarcoma, and myeloid proliferations
related to Down Syndrome. The WHO classifica-
tion has largely replaced the earlier French Amer-
ican British (FAB) classification, which was
principally based on morphological characteris-
tics. A morphological classification does remain,
in the AML not otherwise specified (AML NOS)
WHO subgroup, which is used if no other defining
features are present.

Clinical Features

AML results in rapidly progressive bone marrow
failure, hence the term “acute.” The replacement of
normal hematopoiesis by proliferating myeloid
blasts causes clinically significant, and often rap-
idly progressive, anemia, thrombocytopenia, and
neutropenia. The resulting symptoms include
fatigue, shortness of breath, bleeding, bruising,
petechiae, pyrexia, and symptoms of infection. Dis-
seminated intravascular coagulation can also be a
presenting feature, most commonly in APL, and
untreated can cause rapidly fatal bleeding. Central
nervous system involvement at presentation occurs
in approximately 0.5% of cases and can cause
headaches and neurological symptoms or signs.

The white cell count (WCC) is typically
elevated, and if >150 � 109/L, symptoms of
leucostasis which include headache, respiratory
distress, and visual disturbance may be
present. This is more common if the high
WCC is comprised of monoblasts. Up to 10%
of cases of AML may have an “aleukemic”
presentation, with cytopenias and possible
dysplastic features, but no blasts present in the
peripheral blood.

• Predisposing Factors
The majority of cases of AML occur with no
known predisposing factors. However, in
10–15% of cases, prior treatment with chemo-
therapy or radiotherapy is implicated, and as
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Acute Myeloid Leukemia and Related Neoplasms, Table 1 WHO classification of AML and related neoplasms

WHO subtype Morphology Immunophenotype Molecular/Other

AML with recurrent genetic abnormalities

AML with t(8;21)
(q22;q22); RUNX1-
RUNX1T1

Blasts>5%. Large blasts with
granulation and auer rods.
Most commonly AML with
maturation (see below), often
with dysplastic features in
maturing cells. Occasionally
absence of maturation or
rarely monocytic
differentiation

CD34+, CD13+, CD33+,
HLA-DR+, MPO+
Subpopulation with CD15+
(maturing granulocytes)
Often aberrant CD19+,
more rarely CD56+

Additional chromosomal
abnormalities in 70%. KRAS/
NRAS mutations in 30%
pediatric cases
KIT mutations in 20–25%
10 year survival 61%

AML with inv(16)
(p13;q22) or
t(16;16)(p13;q22);
CBFB-MYH11

Blasts >5%. Morphological
features of myelomonocytic
leukemia (see below).
Abnormal eosinophil
component in the BM (large
purple-red granules in
immature forms). Rarely lack
eosinophilia or show myeloid
or monoctyic differentiation
only

Multiple CD34+, CD117+
blast populations
Granulocytic: CD13+,
CD33+, CD15+, MPO+
Monocytic: CD14+,
CD11b+, CD11c+, CD64+,
CD36+
Often aberrant expression
CD2

Inv(16) more common that
t(16;16)
Additional chromosomal
abnormalities in 40%, trisomy
22 fairly specific
KIT mutations in 30%
10 year survival 55%

APL with PML-
RARA

Atypical promyelocytes
>5%. Hypergranular variant
with prominent red-purple
granules (rare in PB). Some
cells contain bundles of auer
rods (faggot cells).
Microgranular variant with
more readily visible dumbbell
or bilobed nucleus and high
PB count

CD13+, CD33+, MPO+,
HLA-DR�, CD34�
Aberrant expression CD2 in
microgranular variant

Additional chromosomal
abnormalities in 40%, with
trisomy 8 the most common
Mutations in FLT3 ITD or
TKD in 35–45%
10 year survival 73%

AML with t(9;11)
(p21;q23); MLLT3-
KMT2A

Blasts �20%. Morphological
features most oftenmonocytic
or myelomonocytic (see
below). Occasionally AML
with or without maturation

In children: CD33+,
CD65+, CD4+, HLA-DR+
CD13�/+, CD34�/+,
CD14 �/+
In adults: markers of
monocytic differentiation –
CD14+, CD4+, CD11b+,
CD11c+, CD64+, CD36+.
Variable expression CD34,
CD117, CD56

Secondary cytogenetic
abnormalities are frequent,
with trisomy 8 the most
common
10 year survival 39%

AML with t(6;9)
(p23;q34); DEK-
NUP214

Blasts �20%. Most
commonly AML with
maturation or acute
myelomonocytic leukemia
(see below). Can have
morphological features of any
FAB subtype other than APL
or acute megakaryoblastic
leukemia. Marrow and PB
basophilia in approximately
50% cases

MPO+, CD13+, CD33+,
HLA-DR+
CD117�, CD34�, CD15�
Tdt + in 50%

The t(6;9) translocation is the
sole chromosomal
abnormality in most cases.
The fusion protein acts as an
aberrant transcription factor
FLT3-ITD very common
69%–78% cases
10 year survival 26%

(continued)
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Acute Myeloid Leukemia and Related Neoplasms, Table 1 (continued)

WHO subtype Morphology Immunophenotype Molecular/Other

AML with inv(3)
(q21;q26) or t(3;3)
(q21;q26); GATA2,
MECOM

Blasts �20%. Most
commonly AML without
maturation, acute
myelomonocytic leukemia or
acute megakaryoblastic
leukemia. Can have
morphological features of any
FAB subtype other than APL.
PB may have dysplastic
neutrophils, giant and
hypogranular platelets.
Multilineage dysplasia is
common in the BM

CD13+, CD33+, HLA-
DR+, CD34+, CD38 +
Some aberrant CD7
expression. Some with
megakaryocytic marker
expression (CD41 and
CD61)

Repositioning distal GATA2
enhancer. MECOM activation
and haploinsufficiency
GATA2
10 year survival 3%.

AML
(megakaryoblastic)
with t(1;22)(p13;
q13)

Blasts �20%.
Morphologically acute
megakaryoblastic leukemia.
Fibrosis usually present.
Occurs exclusively in infant
and children <3 years

Megakaryocyte markers:
CD41+ and/or CD61+.
CD36 +
Often CD34�, MPO� and
HLA-DR�

The t(1;22) translocation is
the sole chromosomal
abnormality in most cases.
The fusion gene may
modulate chromatin
organization

Provisional: AML
with BCR-ABL1

Blasts �20%. May present as
de novo disease or result from
blast crisis of CML

CD13+, CD33+, MPO+ Preliminary data suggest
deletion of IGH, TCR, IKZF1
or CDKN2A may support a
diagnosis of de novo disease
vs. CML blast phase
Unfavorable prognosis

AML with mutated
NPM1

Blasts�20%. Most commonly
myelomonocytic or monocytic
(80–90% of acute monocytic
leukemias have an NPM1
mutation). NPM1 mutations
are also seen in AML with and
without maturation. Some have
multilineage dysplasia. WCC
usually high

CD13+, CD33+, MPO+,
CD34�
Monocytic markers
common: CD14+, CD11b+,
CD68+

Abnormal karyotype in only
5–15%. NPM1 mutations
usually mutually exclusive of
balanced translocations that
define AML entities
FLT3-ITD in 40%.
Favorable prognosis when
found in isolation

AML with biallelic
mutations of
CEBPA

Blasts �20%. No distinctive
morphological features, but
most commonly AML with or
without maturation. Less
commonly monocytic or
myelomonocytic

CD13+, CD33+, CD65+,
CD11b+, CD15+
HLA-DR � and CD34�
Aberrant CD7 in over 50%

Abnormal karyotype in 30%
FLT3-ITD in 22–33% cases
Favorable prognosis.

Provisional: AML
with mutated
RUNX1

Blasts �20% CD13+, CD33+, MPO+ Cases with MDS-related
cytogenetic abnormalities
excluded from this category
Unfavorable prognosis

AML with myelodysplasia-related changes

AML with
myelodysplasia-
related changes

Blasts �20%. Most cases
have morphological evidence
multilineage dysplasia.
Morphological classification
requires dysplasia in �50%
cells in �2 lineages
Other defining criteria are
MDS-related cytogenetic
abnormalities or a preceding
diagnosis of MDS

Variable findings
CD34+, Tdt+, CD13+,
CD33+
Aberrant CD7 and CD56
common

Chromosome abnormalities
are similar to those in MDS
(Table 6)
10 year survival 16%

(continued)
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Acute Myeloid Leukemia and Related Neoplasms, Table 1 (continued)

WHO subtype Morphology Immunophenotype Molecular/Other

Therapy-related myeloid neoplasms

Therapy-related
AML/MDS and
AML/MDS/MPN

Blasts �20% to diagnose
AML. Often preceded by
myelodysplastic phase.
Multilineage dysplasia
present in the majority.
Distinguishing therapy-
related AML, MDS and
MDS/MPN may not be
clinically relevant. Best
considered as one clinical
syndrome

No specific
immunophenotypic
findings
CD34+, CD33+, CD13+
Aberrant CD7 and CD56
common.

Abnormal karyotype in
>90%. Unbalanced
aberrations in 70%, mainly
loss of material from
chromosome 5 and 7,
associated with
myelodysplastic phase
(longer latency)
In 20–30% balanced
translocations are found and
most often present as de novo
AML (shorter latency)

AML, not otherwise specified

AML with minimal
differentiation

�20% blasts. No evidence of
myeloid differentiation by
light microscopy (absence of
granulation and auer rods)

CD34+, HLA-DR+,
CD38+, CD13+
MPO-
CD117�, CD33�
Aberrant CD7 in 40%

Complex karyotype most
common abnormality.
Unbalanced MDS-related
abnormalities and RUNX1
mutations result in
assignment to alternative
categories

AML without
maturation

�20% myeloid blasts. Blasts
�90% of non-erythroid cells

MPO+, CD13+, CD33+,
CD117+
CD34+, HLA-DR+
Aberrant CD7 in 30%
Aberrant CD2, CD4, CD19
or CD56 in 10–20%

No association with specific
recurrent chromosomal
abnormalities

AML with
maturation

�20% myeloid blasts �
azurophilic granules; �10%
maturing cells of neutrophil
lineage. Cells of monocytic
lineage �20% of BM cells

CD13+, CD33+, CD15+
CD34�, CD117�,
HLA-DR�
Aberrant CD7 in 20–30%

No association with specific
recurrent chromosomal
abnormalities

Acute
myelomonocytic
leukemia

�20% myeloblasts,
monoblasts, promonocytes;
�20% monocytes and
monocytic precursors; �20%
neutrophils and granulocytic
precursors

Multiple blast populations
CD13+, CD33+
Immature: CD34+,
CD117+
Granulocytic: CD15+
Monocytic: CD14+, CD4+,
CD11b+, CD11c + CD64+,
CD36+
Aberrant CD7+ 30%

Myeloid-associated,
nonspecific cytogenetic
abnormalities common e.g.,
trisomy 8

Acute monoblastic/
monoctyic
leukemia

�80% monocytic cells;
monoblastic if �80% are
monoblasts or monocytic if
<80% are monoblasts

HLA-DR+, CD13+,
CD33+, CD15+
�2 of CD14+, CD11b+,
CD11c+, CD64+, CD36+
MPO�/+ more common in
monocytic
Aberrant CD7+/CD56+
25–40%

Myeloid associated,
nonspecific cytogenetic
abnormalities are present in
the majority of cases

Pure erythroid
leukemia

>80% immature erythroid
precursors with �30%
proerythroblasts

CD117�, CD36+, CD235a
(glycophorin A) �/+,
MPO�, HLA-DR�,
CD34�, CD41/61�

No specific chromosomal
abnormality, complex
karyotype most common
Unfavorable prognosis

(continued)
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increasing numbers of people survive their ini-
tial cancer, this is predicted to expand. AML
can evolve from a prior acquired hematological
condition, most often the myelodysplastic syn-
dromes, but also myeloproliferative neo-
plasms. Rare environmental predisposing
factors include exposure to benzene and ioniz-
ing radiation. Inherited conditions such as
Down syndrome have long been known to
greatly increase the risk of development of
AML, particularly acute megakaryoblastic
anemia. It was previously thought that the con-
tribution of germline mutations to the develop-
ment of AML was restricted to rare disorders
such as Dyskeratosis Congenita and Fanconi
anemia, or Bloom and Li-Fraumeni syndrome,

which are characterized by defective DNA
repair. However, it is increasingly recognized
that up to 10% of people who develop AML
have an inherited predisposition to hematolog-
ical malignancies, and myeloid neoplasms
with germline predisposition is a new entity
in the most recent WHO classification
(Table 2). The importance of a careful family
history in patients with AML, and the involve-
ment of geneticists to screen for potential
germline alterations that may affect family
members, is increasing.

• Incidence
The overall incidence of AML in the
general population is 3/100,000. AML
accounts for 90% of cases of acute

Acute Myeloid Leukemia and Related Neoplasms, Table 1 (continued)

WHO subtype Morphology Immunophenotype Molecular/Other

Acute
megakaryoblastic
leukemia

�20% blasts with �50%
shown to be of
megakaryocyte lineage by
immunophenotype

CD36+, CD61+, CD41+,
CD42 �/+
HLA-DR�, CD34�,
CD45�/+, MPO-

3q26 abnormalities and
t(1;22) result in assignment to
alternative category
Unfavorable prognosis

Acute basophilic
leukemia

�20% blasts of basophilic
lineage. Medium sized cells
with oval to bilobed nucleus,
nucleoli, basophilic
cytoplasm and coarse
basophilic granules

CD13+, CD33+, CD123+,
CD203+,CD11b, CD34�,
HLA-DR�, CD117�
Aberrant CD9+ in most

No specific chromosomal
abnormality

Acute panmyelosis
with myelofibrosis

Pan myeloid proliferation
with clusters of blasts.
Dysplastic megakaryocytes.
Marked reticulin fibrosis.
Trephine diagnosis

Blasts MPO�, CD13+,
CD117+
Multilineage involvement –
erythroid, megakaryocytic,
granulocytic markers
present

Karyotype usually abnormal

Myeloid proliferations related to Down syndrome

Transient abnormal
myelopoiesis
(TAM)

Unique disorder of Down
syndrome newborns.
Morphological features of
acute megakaryoblastic
leukemia. PB basophilia.
Spontaneous remission in the
majority. 20–30% develop
nontransient AML 1–3 years
later

CD34+, CD56+, CD117+,
CD13+, CD33+, CD7+,
CD41+, CD42+, CD36+,
CD61+
MPO�, CD15�, CD14�

Trisomy 21 required and
additionally acquired
mutations in GATA1 are
present

Myeloid leukemia
associated with
Down syndrome

Most commonly acute
megakaryoblastic leukemia.
No biological difference
between MDS and AML
therefore the term myeloid
leukemia includes both
morphological cases of MDS
and AML

CD34�, CD56�, CD117+,
CD13+, CD33+, CD7+,
CD41�, CD42+, CD36+,
CD61+
MPO�, CD15�, CD14�

Trisomy 21 required and
additionally acquired
mutations in GATA1 are
present. Trisomy 8 common
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leukemia in adults, but is rare in children, in
whom acute lymphoblastic leukemia (ALL)
predominates.

• Age
The incidence of AML rises with age,
from 1/100,000 at age 25 to over
15/100,000 by the age of 75. Due to the aging
population, as well as increased survival post
chemotherapy or radiotherapy for
other cancers, the overall incidence of
AML will rise over the coming decades.

• Sex
The sex ratio is 1:1 in younger people
presenting with AML but there is a slight
male preponderance in the over 65 s (ratio
1.3:1). The reason for this remains unclear.

• Treatment
The backbone of treatment for AML remains
cytotoxic chemotherapy; however, as the
molecular basis of this disease is becoming
more understood, novel targeted therapies are
starting to improve survival in this disease.

• Treatment of Acute Myeloid Leukemia
(Non-APL)
The mainstay of treatment for younger, fitter
patients with AML is intensive induction che-
motherapy consisting of an anthracycline

(most often daunorubicin) and cytarabine
(ELN guidelines 2017), followed by post-
remission consolidation therapy. Molecularly
targeted therapy, such as the FLT3 inhibitor
midostaurin, or the anti-CD33 monoclonal
antibody-drug conjugate gemtuzumab is
now becoming increasingly used. Assessment
of risk, based on genetic features, and
the monitoring of minimal residual disease
are critical to informing decisions regarding
post remission treatment with additional
cycles of intensive chemotherapy or high
dose therapy followed by allogeneic
transplant.

• Treatment of Acute Promyelocytic Leukemia
The treatment of APL is significantly different
to other forms of AML. Due to the
coagulopathy that accompanies this form of
AML, it used to be the subtype with the highest
mortality. Since the 1980s, the PML-RARA
fusion due to the t(15,17)(q22;q12) has been
targetable directly with the vitamin
A derivative all-trans retinoic acid (ATRA),
which overcomes the differentiation block
caused by this oncogene. ATRA may be used
in combination with an anthracycline cytotoxic
chemotherapy drug, resulting in complete
remission rates of >90%. More recently, trials
have demonstrated that an entirely
chemotherapy-free treatment using ATRA
with arsenic trioxide may be even more effec-
tive than the chemotherapy-containing
regimes.

• Outcome
Survival in AML is influenced primarily by
age and the genetic abnormalities present.
Overall, more than half of patients with
AML will die from this disease. Increasing
age adversely affects outcome for a
number of reasons. These include inability
to deliver intensive chemotherapy, higher
treatment-related mortality, and higher rates
of chemotherapy resistance. AML that is sec-
ondary to a prior hematological disorder such
as MDS, or is therapy-related, have an
adverse prognosis.

The important role of genetics in risk
stratification is highlighted by the European
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Table 2 Myeloid neoplasms with germline predisposition

Myeloid neoplasm with germline predisposition without
a pre-existing disorder or organ dysfunction

Acute myeloid leukemia with germline CEBPA mutation

Myeloid neoplasms with germline DDX41 mutation

Myeloid neoplasms with germline predisposition and
pre-existing platelet disorders

Myeloid neoplasms with germline RUNX1 mutation

Myeloid neoplasms with germline ANKRD26 mutation

Myeloid neoplasms with germline ETV6 mutation

Myeloid neoplasms with germline predisposition and
other organ dysfunction

Myeloid neoplasms with germline GATA2 mutation

Myeloid neoplasms associated with bone marrow failure
syndromes

Myeloid neoplasms associated with telomere biology
disorders

Myeloid neoplasms associated with Noonan syndrome

Myeloid neoplasms associated with Down syndrome
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LeukemiaNet (ELN) guidelines, which
have categorized genetic abnormalities into
favorable, intermediate, and adverse
(Table 3).

Outcomes vary considerably between the
groups: for example patients with APL, due to
t(15,17) have a 73% 10-year survival, com-
pared to a 3% 10 year survival in those with
disruption of the gene MECOM due to alter-
ations in chromosome 3. However, as these
genetic alterations become therapeutic tar-
gets, their prognostic significance may
change.

Diagnosis

The laboratory diagnosis of AML involves mor-
phological and histological assessment of periph-
eral blood and bone marrow, in addition to
molecular and cytogenetic analysis. Bone marrow
is aspirated and biopsied most commonly from the
posterior iliac crest. Liquid bone marrow can be

spread immediately on slides to make a smear,
which ideally contains particles at the end of trails.
The slides are stained with Wright Giemsa or
MGG (May-Grunwald Giemsa) stains.

While examination of the bone marrow tre-
phine biopsy is not essential to establish the diag-
nosis of AML in most instances, and should be
avoided in severely coagulopathic patients due to
the increased bleeding risk, it may contribute
valuable information. At diagnosis, where there
is significant marrow fibrosis, hypocellular sam-
ples or other reasons for an inadequate aspirate,
the trephine is needed for diagnosis. The diagno-
sis of acute panmyelosis with fibrosis can only be
made from a trephine, or increased fibrosis in
addition to other histological features may suggest
a preceeding myeloproliferative neoplasm. For
follow-up samples post-chemotherapy, histologi-
cal examination of the bone marrow can often best
inform the treatment response and hence remis-
sion status. Ideally the bone marrow core should
be 1.5–2.0 cm in length. In the case of a dry or
aparticulate aspirate, the trephine can be rolled on
a slide to produce a trephine roll, which can give a
more rapid indication of an elevated blast count. If
a poor liquid sample is obtained, then a trephine
biopsy may be taken into saline, and
disaggregated for immunophenotyping by flow
cytometry. The DNA obtained from trephine sam-
ples taken into saline is usually better preserved
than when DNA is extracted from formalin-fixed
trephine biopsies. This may be used for molecular
analysis if no liquid bone marrow is available, and
where there are low numbers of blasts in the
peripheral blood.

Microscopy
The WHO classification has moved on from
using morphology as the primary means for
classification of AML. However, morphology is
critical in identifying and enumerating blasts and
in the identification of specific subgroups of AML.
Amyeloid blast count�20% in the peripheral blood
or bone marrow is required for the diagnosis of
AML, The exception to the requirement for >20%
blasts is the presence of cytogenetic translocations t
(8,21), inv(16), t(16,16), or t(15,17) which are cate-
gorized as AML provided >5% blasts are present.

Acute Myeloid Leukemia and Related Neoplasms,
Table 3 ELN 2017 risk stratification of AML by genetics

Risk category Genetic abnormality

Favorable t(8;21)(q22;22); RUNX1-RUNX1T1
inv(16)(p13q22) or t(16;16)(p13;q22);
CBFB-MYH11
Mutated NPM1 without FLT3-ITD or
with FLT3-ITDlow(

Bialleleic mutated CEBPA

Intermediate Mutated NPM1 and FLT3- ITDhigh

Wild type NPM1 without FLT3-ITD or
with FLT3-ITDlow (w/o adverse risk
lesions)
t(9;11)(p21;q23); MLLT3-KMT2A
Cytogenetic abnormalities not
classified as favorable or adverse

Adverse t(6;9)(p23;q34); DEK-NUP214
t(v;11q23); KMT2A rearranged
t(9;22)(q34;q11); BCR-ABL1
inv(3)(q21;q26) or t(3;3)(q21;q26);
GATA2,MECOM(EVI1)
�5 or del(5q); �7; �17/abn(17p)
Complex karyotype, monosomal
karyotype
Wild type NPM1 and FLT3- ITDhigh

Mutated RUNX1,
Mutated ASXL1
Mutated TP53
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Blast morphology is best appreciated in the bone
marrow aspirate sample and morphological features
are detailed in Table 4 (Fig. 1a).

Immunocytochemistry is now rarely
performed due to the universal use of flow
cytometry. Historically, cytochemical stains such
as Sudan black were used to confirm myeloid
lineage. A toludine blue stain can be used to
help confirm the diagnosis of the very rare acute
basophilic leukemia, if this is suspected.

In most cases, the bone marrow trephine biopsy
is hypercellular with expanded myelopoiesis and
virtual maturation arrest (Fig. 1b). Most of the
cellularity is accounted for by CD34+ immature

hemopoietic precursors with a high nuclear to cyto-
plasmic ratio (Fig. 1c). The other two lineages
might be difficult to appreciate in the routine hema-
toxylin and eosin (H&E) stained sections and
necessitate the use of immunohistochemistry, par-
ticularly when there is a suspicion of AML with
myelodysplasia-related changes. Careful examina-
tion of bonemarrow trephine sample is particularly
useful in cases of hypocellular AML and ones with
significant fibrosis as bone marrow aspirate in both
instances may be nondiagnostic.

AML with Recurrent Genetic Abnormalities
APL is the most important subtype of AML to
identify morphologically, as appropriate support-
ive care and ATRA must be started as soon as
possible to reduce early mortality. A careful
examination of the peripheral blood is essential,
as APL often presents as a pancytopenia, and
hence there may be limited numbers of leukocytes
to assess. The atypical promyelocytes in the more
common hypergranular variant are often packed
with large cherry-red granules, and the nucleus is
often bilobed. These are often called “dumbell,”
“buttock,” or “butterfly” cells. Auer rods can be a
prominent feature, and the term “faggot cell” is
used to describe the pathognomonic pro-
myelocytes containing large numbers of Auer
rods that resemble bundles of sticks (Fig. 1d).
The microgranular variant can be less easy to
identify morphologically as the granules are
submicroscopic. The clue to the diagnosis lies in
the typical nuclear morphology, as in the hyper-
granular variant. Auer rods and more typical gran-
ular forms are often present in small numbers.

The bone marrow trephine is hypercellular due
to myeloid expansion (Fig. 1e). There is an accu-
mulation of promyelocytes with abundant, often
granular, cytoplasm and convoluted/bean shaped
nucleli.

AML with t(8,21)(q22;q22) typically has the
morphological appearances of AML with matura-
tion. Auer rods are more often present than in
other subtypes of non-APL AML, these are usu-
ally present singly within myeloid blasts. In AML
with inv(16)(p13q22) or t(16,16)(p13;q22), the
peripheral blood often contains increased num-
bers of monocytes and promonocytes, with an
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Table 4 Blast morphology

Myeloblasts Medium to large sized cells
(14–18 mm) with a single round or
oval nucleus
Fine chromatin with one to several
distinct nucleoli
Minimal to moderate amount of
basophilic cytoplasm
Myeloid blasts are usually granular
(minimally differentiated AMLs
being one exception)
Some contain Auer rods (fused
granules in a rod-like form), which
are pathognomic of AML

Monoblasts Larger than myeloblasts
(15–20 mm)
Single round nucleus and visible
nucleoli
Voluminous blue-grey cytoplasm
Often vacuolated

Promonocytes Blast equivalent
Appearances similar to monoblasts
Lobulated nucleus with less
prominent nucleoli and more
prominent vacuolation

Proerythroblasts Medium to round large cells with
nucleoli
Minimal deeply basophilic
cytoplasm
Cases with �80% immature
erythroid precursors and � 30%
proerythroblasts are classified as
pure erythroid leukemia under
AML, NOS.

Megakaryoblasts Medium to large cells (12–18 mm)
Usually lack granules
Cytoplasmic blebbing
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often marked increase in eosinophils in the bone
marrow (Fig. 1f).

AML with Myelodysplasia-Related Changes
Dysplastic features are often seen inAML; however,
dysplasia must be present in >50% of cells in �2
lineages to be classified morphologically as AML
with myelodysplasia related changes (Fig. 2). In
the bone marrow trephine, dyserythropoiesis is
characterized by maturation synchrony within and
dys-synchrony between erythroid islands. Dispersal
of immature erythroid precursors and para-
trabecular translocation are also often seen.

Dysmegakaryopoiesis often manifests as decreased
cell size and simplification of nuclear features.
Forms are often small/hypolobated or micro-
megakaryocytes (Fig. 2). They might display dis-
persal of nuclear lobes.

This diagnosis can also be made if AML
develops from a prior myelodysplastic syndrome,
or in the presence of MDS-related cytogenetic
abnormalities (Table 5). AML with mutated
NPM1 or biallelic mutation of CEPBA are
excluded from this category, even if significant
dysplasia is present. They are categorized
according to these mutations and the relatively

Acute Myeloid Leukemia and Related Neoplasms,
Fig. 1 Morphological features of AML (a) myeloblast in
aspirate sample (b) the marrow is hypercellular with
expansion of immature hemopoietic precursors expressing
CD34 (c). (d) Faggot cell in a case of APL with an

accumulation of Auer rods in its cytoplasm giving an
appearance of a “bundle of sticks” (e) H&E appearances
of APL in trephine biopsy. (f) Blast and dysplastic eosin-
ophils in AML with inv(16)(p13q22)
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favorable prognosis relating to them, compared to
the adverse prognosis of AML with MDS-related
changes.

Therapy-Related Myeloid Neoplasms
Therapy-related myeloid neoplasms occur as a
result of prior exposure to chemotherapy and/or

radiotherapy. The most commonly implicated
cytotoxic drugs are alkylating agents and topo-
isomerase II inhibitors. Alkylating agent and
radiation induced AML usually occurs
5–10 years post therapy and is characterized by
the MDS-related cytogenetic changes listed in
Table 5. In contrast, topoisomerase II inhibitor

Acute Myeloid Leukemia and Related Neoplasms,
Fig. 2 AML with MDS-related changes. Blast are identi-
fiable in the aspirate sample (a) as well as tissue sections
(b) stained with CD34 (c). Dysplastic megakaryocytes

show nuclear simplification and abnormal separation of
nuclear lobes as seen in the aspirate (a), bone marrow
trephine, H&E (b), and CD61 (d) stained sections
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induced AML has a shorter latency (1–5 years)
and is characterized by balanced translocations,
most commonly involving KMT2A. Therapy-
related AML is most commonly morphologi-
cally myelomonocytic, with dysplastic features
often present.

AML, Not Otherwise Specified (NOS)
This subgroup is reserved for cases without a
defining genetic abnormality, dysplasia, or prior
therapy (Fig. 3). The morphological definitions of
each subtype are outlined in Table 4.

Post-Therapy and Post-Transplant Bone Marrow
Morphology
Morphological examination is performed to
assess response to chemotherapy, disease dynam-
ics, and remission status. Depending on the timing
of the sampling, the bone marrow is often hypo-
cellular and displays variable ratios of hematopoi-
etic cells lineages. The erythroid lineage is the first
to recover post chemotherapy, followed by mye-
loid and megakaryocytic lineages. Dysplastic
changes might be apparent, either due to the che-
motherapy or persistence of an underlying MDS
in AML with MDS-related changes. Assessment
of blast percentage is often difficult in hypo-
cellular cases due to suboptimal aspirate and
flow cytometry samples. Immunohistochemistry
is of particular importance in these cases. Often
CD34 and CD117 are appropriate blast markers,
but attention must be paid to the
immunophenotype of the blasts at diagnosis, as
either one or both of these markers may be nega-
tive at diagnosis. CD117 also highlights erythroid
precursors which may be increased as the bone
marrow recovers from chemotherapy. Repeat
sampling may be required to distinguish between
regenerating marrow and persistent disease, par-
ticularly where there is no leukemia-associated
immunophenotype or genetic abnormalities, and

Acute Myeloid Leukemia and Related Neoplasms,
Table 5 Cytogenetic abnormalities sufficient to diagnose
AML with MDS-related changes

Cytogenetic abnormalites

Complex karyotype (3 or more abnormalities)

Unbalanced abnormalities Balanced abnormalities

�7/del(7q) t(11;16)(q23;p13)

del(5q)/t(5q) t(3;21)(q26;q22)

i(17q)/t(17p) t(1;3)(p36;q21)

�13/del(13q) t(2;11)(p21;q23)

del(11q) t(5;12)(q32;p13)

del(12p)/t(12p) t(5;7)(q32;q11)

idic(X)(q13) t(5;17(q32;p13)

t(5;10)(q32;q21)

t(3;5)(q25;q35)

Acute Myeloid Leukemia and Related Neoplasms,
Fig. 3 Acute myelomonocytic leukemia, NOS with (a)
blast equivalent promonocytes in aspirate sample and an

expansion of myeloid cells (b), some with indented
nuclei and also expressing CD68/PGM1 (c) in the bone
marrow
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the assessment of response is based on morphol-
ogy alone.

The marrow stroma is often edematous with
mild increase in reticulin fibers and increased
macrophage activity.

Immunophenotype

Immunophenotyping using multi-color flow
cytometry is central to establishing the diagnosis
of AML. Standard panels of antigens that are
informative in AML have been published in
the ELN guideline 2017. These are detailed
in Table 6. Different subtypes of AML have
characteristic immunophenotypic profiles
which can give an early indication of the disease
category, although genetic assessment is always
required. APL, for example, is typically CD9
positive, CD34, and HLA-DR negative, while
AML with t(8,21) often aberrantly expresses
the lymphoid antigen CD19. Flow cytometry
will identify acute leukemias of ambiguous
lineage. These may be acute undifferentiated
leukemia, without adequate lineage-associated
antigen expression to assign the leukemia to
any lineage or mixed lymphoid/myeloid
acute leukemia. The criteria for diagnosis of
these rare mixed phenotype leukemias are
stringent, as it is relatively common for
AML blasts to aberrantly express lymphoid
antigens.

Genetics

The identification of cytogenetic and molecular
abnormalities is now central to the classification
of AML. The recurrent molecular features of
interest can be broadly categorized into abnor-
malities visible at the chromosomal level and
those visible only at the molecular genetic
level. Genetic testing should be performed if
full diagnostic, prognostic, and therapy-guiding
information is required, which may not be the
case in situations where patients are not fit for
intensive, remission-induction chemotherapy.
The exception is APL, which should almost
always be confirmed genetically.

Chromosomal Abnormalities
Overall 60% of cases of AML have an abnormal
karyotype. In children and younger adults, bal-
anced translocations predominate, whereas in
older adults unbalanced translocations as well as
chromosomal losses and gains are more common.
Over 100 balanced translocations have been
recurrently associated with AML, although only
8 chromosomal abnormalities and their variants
are at present included in the WHO classification.
The majority of these translocations result in
the formation of chimeric fusion proteins, which
disrupt transcription factors involved in
hematopoiesis.

Chromosomal abnormalities can be visualized
using Giemsa stained metaphase preparations to
determine the karyotype. Cytogenetic analysis
usually requires the examination of at least
20 metaphase cells and is best performed on a
bone marrow aspirate sample taken into cytoge-
netic culture medium. The limitations of
karyotyping include failure to obtain results due
to metaphases failing to grow in culture, or failure
to detect abnormalities due to the presence of
small or cryptic chromosomal rearrangements
(seen in up to 10% of those with canonical chime-
ric fusion genes). It is relatively labor intensive
and takes a minimum of several days to obtain
results.

Fluorescence in situ hybridization (FISH) is
used where rapid results are required (for example
in suspected APL), or in cases where karyotyping
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Table 6 Expression of cell surface and cytoplasmic
markers for the diagnosis of AML

Diagnosis of acute myeloid leukemia

Markers of
immaturity

CD34, CD117, CD33, CD13,
HLA-DR

Granulocytic
markers

CD65, cytoplasmic
myeloperoxidase (MPO)

Monocytic
markers

CD14, CD36, CD64

Megakaryocytic
markers

CD41 (glycoprotein IIb/IIa), CD61
(glycoprotein IIIa)

Erythroid
markers

CD234a (glycophorin A), CD36
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fails. Specific FISH probes in routine use can
detect PML-RARA, RUNX1-RUNX1T1, CBFB-
MYH11, KMT2A fusions, BCR-ABL1, abnormali-
ties of 3q26, complex karyotypes, and loss of
TP53. Usually 100–200 interphase cells are
assessed, although metaphase FISH can be used
if interphase FISH is equivocal.

Core Binding Factor Translocations
The a and b subunits of the core binding factor
(CBF) complex are affected by the t(8,21)
(q22;22) and inv(16)(p13q22)/t(16,16)(p13;q22)
translocations, which lead to the formation of
chimeric fusion proteins RUNX1 (AML1/
CBFa2)-RUNX1T1 (ETO) and CBFb-MYH11,
respectively. These translocations occur in
approximately 13% of AML cases in younger
adults and are associated with a more favorable
prognosis.

RARA Translocations
The initiating event in the vast majority of cases of
APL is a chromosomal translocation juxtaposing
PML (promyelocytic leukemia gene) with RARa
(retinoic acid receptor alpha). The PML-RARa
fusion protein causes enhanced recruitment of
repressive complexes to chromatin. The
PML-RARa complexes bind to many normal
and novel RARa target genes and repress their
expression by deacetylation and DNA/histone
methylation.

This enhanced repression is integral to the
pathogenesis of APL and is reversed by treatment
with ATRA (All-Trans Retinoic Acid). The com-
bination of ATRA and arsenic trioxide is the first
“non-chemotherapeutic” treatment regime for an
acute leukaemia.

3q26 Translocations
The 3q26 translocations inv(3)(q21;q26) and
t(3;3)(q21;26) are unusual in that they do not
result in the formation of a fusion gene, but rather
result in the repositioning of a distal GATA2
enhancer causing haploinsufficiency of GATA2
and activation of MECOM expression. These
abnormalities confer an extremely adverse
prognosis.

KMT2A (MLL) Translocations
The methyltransferase KMT2A which was previ-
ously called MLL has over 70 identified fusion
gene partners to date. The most common of these
are MLLT3 (AF9), MLLT1 (ENL), MLLT10
(AF10), MLLT4 (AF6), and ELL. These transloca-
tions confer a generally adverse prognosis, the
exception being t(9;11)(p21;q23) MLLT3-KMT2A,
which confers an intermediate prognosis.

Complex Karyotype and MDS-Related
Chromosomal Alterations
A complex karyotype in AML is defined as three or
more unrelated chromosome abnormalities in the
absence of one of the WHO category defining
recurring translocations. Complex karyotypes,
along with loss of either the whole of chromosome
5 or 7, or loss of the q arm of these chromosomes
are common MDS-related abnormalies (see
Table 5) which confer a poor prognosis.

Molecular Genetics
The molecular landscape of AML at the sub-
chromosomal level has been increasingly well
characterized over recent years. There are just
over 20 commonly mutated genes in AML,
which can be grouped into nine functional cate-
gories (Table 7). Analysis of the patterns of
co-occurring mutations has identified 11 non-
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Table 7 Commonly mutated genes in AML

Functional category Genes

Transcription factor
fusions

PML-RARA, RUNX1-
RUNX1T1, CBFB-MYH11

NPM1 gene NPM1

Tumor suppressor genes TP53, WT1, PHF6

DNA methylation
related genes

DNMT3A, TET2, IDH2,
IDH1

Signaling genes FLT3, KIT, KRAS, NRAS,
PTPN11

Chromatin modifying
genes

KMT2A (MLL) fusions,
ASXL1, EZH2

Myeloid transcription
factor genes

RUNX1, CEBPA

Cohesin complex genes SMC1A, SMC3, SMC5,
RAD21

Spliceosome complex
genes

U2AF1, SF3B1
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overlapping groups with distinct clinical pheno-
types and prognostic features. In addition to the
already recognized groupings in the WHO classi-
fication three new groupings have been postu-
lated: AML with mutations in chromatin and
RNA-splicing regulators, AML with TP53 muta-
tions, and AML with IDH1 mutations.

Molecular testing in AML should include
NPM1, CEBPA, and RUNX1, which define dis-
ease categories, and FLT3 ITD/TKD and IDH1/2
as potentially targetable mutations with current
therapies. In addition, mutations in several other
genes such as in TP53, ASXL1, andWT1, provide
further prognostic information. A variety of
molecular sequencing techniques can be applied,
but as information is required about increasing
numbers of genes, large panel next-generation
sequencing is increasingly taking the place of
single gene tests. In the future whole exome or
whole genome sequencing in AML will become
increasingly used.

Genetic alterations can be used to monitor
minimal residual disease (i.e. 1 cell in a million)
in follow up samples.

Fms-like Tyrosine Kinase 3 (FLT3)
FLT3 is a receptor tyrosine kinase expressed on
hematopoietic progenitors and mutated in one
third of AML cases. There are two main types of
mutation that both result in the constitutive acti-
vation of the receptor. Internal tandem duplica-
tions (ITDs) occur in the juxta-membrane region
of the receptor; less frequent are mutations in the
tyrosine kinase domain (TKD). FLT3-ITD is an
adverse prognostic indicator when present at high
allelic ratios (resulting from acquired uniparental
disomy), but both FLT3- mutations are now tar-
getable by protein kinase inhibitors, improving
overall survival.

Nucleophosmin (NPM1)
NPM1 is the most commonly mutated gene in
AML, occurring in 35% of de novo cases of
AML. NPM1 is a phosphoprotein which, whilst
predominantly located in the nucleolus, con-
stantly shuttles between the nucleus and the

cytoplasm. A number of mutations have been
described All result in loss of a nucleolar binding
motif and commonly the gain of a nuclear export
signal, leading to the aberrant cytosolic location of
this protein. These mutations are not seen in the
presence of balanced translocations but com-
monly co-occur with FLT3-ITD. NPM1 as a sole
mutation confers a favorable prognosis. When
co-occuring with high allelic FLT3 mutations,
the prognosis of each combines to give an overall
intermediate risk.

CCAAT/Enhancer Binding Protein Alpha (CEBPA)
CEBPA is mutated in 10% of AML cases. Muta-
tions usually result in disruption of DNA binding/
dimerations regions or the production of a trun-
cated protein. Biallelic mutations are common,
either resulting from uniparental disomy or acqui-
sition, a second heterozygous mutation. Biallelic
CEBPA mutations are generally associated with a
favorable prognosis.

Runt-Related Transcription Factor 1 (RUNX1)
In addition to the chromosomal translocation
involving RUNX1-RUNX1T1, t(8;21), RUNX1
may also be mutated in AML and is included as
a provisional entity in the 2016WHO update. This
confers an adverse prognosis.

Differential Diagnosis

Themain differential diagnosis for AML in a bone
marrow aspirate or trephine is acute lymphoblas-
tic leukemia, or an acute leukemia of ambiguous
lineage. The morphology of lymphoblasts and
myeloblasts can be very similar, particularly in
the case of AML with minimal differentiation.
Immunophenotyping or less commonly immuno-
histochemistry is required to confirm the diagno-
sis. Typically myeloblasts are larger than
lymphoblasts and can possess a more irregular or
convoluted nucleus and a lower nucleus:cytoplas-
mic ratio. Cytoplasmic granulation is a much
more prominent feature of myeloblasts, but sparse
granulation can occur in lymphoblasts. Auer rods
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are pathognomonic of AML. Other disorders that
should be considered in the differential include
high-grade lymphoma and blastic plasmacytoid
dendritic cell neoplasm. Severe megaloblastic
anemia should be excluded by checking B12 and
folate, particularly before diagnosing pure ery-
throid leukemia. If blasts are increased but
<20% and dysplasia is present, then
myelodysplastic syndrome with excess blasts is
the likely diagnosis.

Blastic Plasmacytoid Dendritic Cell
Neoplasm

Definition
Blastic plasmacytoid dendritic cell neoplasm
(BPDCN) is an aggressive hematological malig-
nancy derived from plasmacytoid dendritic cells
(PDCs).

Clinical Features
In most patients, BPDCN presents with cutaneous
lesions. These can be isolated nodules, isolated
bruise-like plaques or present as disseminated
nodules/papules/macules. Patients with leukemic
presentation often lack skin lesions but display
lymphadenopathy, splenomegaly, or signs and
symptoms of bone marrow failure as in AML.
Rare sites of involvement include the liver, ton-
sils, soft tissues, paranasal cavities, lungs, eyes,
and central nervous system.While central nervous
system involvement is seen 4 to 9% of patients
at diagnosis, it is more frequent (17–33%) at
relapse. Nearly 10%–20% of BPDCN patients
either have a previous history of, or will develop
another hematological malignancy, such as
chronic myelomonocytic leukaemia (CMML),
MDS, or AML.

• Incidence
BPDCN is a very rare neoplasm and its exact
incidence is unknown due to the low number of
cases reported and no formal extensive studies.
The largest study to date (379 cases) gives an

incidence of 0.45/1,000,000. The variability of
nomenclature further complicates assessment
of the incidence.

• Age
Most patients are elderly with a mean/median
age of 61–67 years at diagnosis, although there
are documented cases from all age groups,
including children.

• Sex
About 75% of the patients are male with a male
to female ratio of 2–5:1.

• Site
Skin involvement is most common (64–100%
of cases) with frequent bone marrow, periph-
eral blood (60–90%), and lymph node
(40–50%) involvement.

• Treatment
Treatment approach varies and best practice is
not yet established. Surgical excision in combi-
nation with local radiotherapy and systemic ste-
roid therapy has been assessed by a number of
groups. While this might result in the resolution
of the cutaneous lesion systemic relapse occurs
within 6–9 months. Most conventional chemo-
therapy approaches consist of an AML or ALL-
type acute leukemia-like treatment regimen.
Intrathecal chemotherapy is often part of therapy
as a pre-emptive measure in view of frequent
leptomeningeal involvement. Allogeneic hema-
topoietic stem cell transplantation (HSCT), par-
ticularly when performed in first remission, may
improve the survival.

• Outcome
Disease outcome is poor with a clinical course
similar to that of acute leukemia with high-risk
features. The largest study to date of a cohort of
379 patients found a median overall survival of
23 months with an inferior survival rate
of 19 months amongst patients receiving
upfront HSCT as part of their treatment.

Macroscopy
Cutaneous lesions are often variable in size (few
millimetres to over 10 centimentres) and purplish
in color. They can be associated with erythema,
hyperpigmentation, purpura, or ulceration.
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Microscopy
Histological examination of cutaneous lesions usu-
ally reveals a prominent dermal infiltrate, often
extending onto the subcutaneous fat (Fig. 4a, b,
and c). Epidermis and appendages are spared for
the most part. Infiltrates within lymph nodes are
mostly restricted to the paracortical areas and
medulla with sparing of the cortex. The degree of
bone marrow involvement (Fig. 4d and e) is highly
variable. There may be features of associate hema-
tological malignancies, such as myelodysplasia,
most often identified by dysplastic features in the
megakaryocyte lineage.

The cellular morphology is best appreciated in
aspirate (Fig. 4f) or peripheral blood samples.
Blastic plasmacytoid dendritic cells are medium
sized with a round or irregular nucleus with a fine
or intermediate chromatin texture. They may have
prominent nucleoli. They contain basophilic cyto-
plasm often forming a tail. The cytoplasm may
contain small vacuoles under the cell membrane,
which may give a monocytic appearance.

Immunophenotype
BPDCs must be distinguished from acute leuke-
mia or high-grade lymphoma by flow cytometry

Acute Myeloid Leukemia and Related Neoplasms,
Fig. 4 Blastic plasmacytoid dendritic cell neoplasm with
cutaneous (a) and bone marrow (d) involvement. The

neoplastic cells express CD123 (b – skin, e – bonemarrow)
and CD4 (c – skin). Cell morphology is best appreciated in
the aspirate sample (f)
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or immunohistochemistry, using combination
antibodies targeting PDC-associated antigens
such as CD123, CD303, and TCL1A. BPDCs
also express CD45RA, CD4, CD56, and CD43,
indeed they have previously been termed “CD4/
CD56 positive cell tumors.” CD4 and CD56 are
commonly included in panels assessing acute
leukemias, and their dual positivity would lead
to examination of the other PDC-associated anti-
bodies that are not a standard component of most
panels, even if this diagnosis had not previously
been suspected by morphological assessment.
Expression of other T-cell (CD7 and to a lesser
extent CD2 and CD5 but not CD3), B cell asso-
ciated (CD79a but not CD19 or CD20), as well
as myeloid markers (CD33 and CD117 but not
myeloperoxidase) are also frequent findings.
About a third of the cases are positive for Tdt,
and while CD34 is usually negative on tissue
sections, it can often be detected by flow
cytometry. CD68 shows cytoplasmic dot-
positivity. Expression of BCL6, IRF4/MUM1,
BCL2, and S100 can also be seen.

Molecular Features
Two-thirds of the cases harbor chromosomal
abnormalities, often with a complex karyotype.
The most frequently recurring, nonspecific chro-
mosomal abnormalities involve 5q21 or 5q34,
12p13, 13q13–21, 6q23-qter, 15q, and loss of
chromosome 9.

The genomic landscape of BPDCNs is yet to
be fully explored. Gene expression profiling has
shown this neoplasm to be distinct from both
myeloid and lymphoid malignancies and also
revealed increased expression of genes involved
with Notch signaling and activation of the
NF-kappaB pathway, which may represent a
promising therapeutic target.

TET2 appears to be the most frequently mutated
gene and recurrent mutations in ASXL1 and and
RAS family genes have also been described. Muta-
tions in genes recurrently mutated in AML,NPM1,
FLT3-ITD, IDH2, TP53 and KIT have been
detected in some patients. Recent studies have
also described mutations in numerous other genes

less commonly mutated in myeloid malignancies,
such as BRAF, CDKN1B, CDKN2A.

Differential Diagnosis
The main differential diagnoses of cutaneous
lesions are cutaneous involvement by AML or
benign mature plasmacytoid dendritic cell prolif-
erations (MPDCP) accompanying myeloid neo-
plasia, particularly CMML. However,
differentiating BPDCN from CD33+/CD4+/
CD56+ AML, particularly if undifferentiated or
myelomonocytoc/monoblastic with low-level
CD123 expression, can be more challenging and
usually relies on using additional BPDCN
markers. Examination of a paired bone marrow
sample is necessary with extensive flow
cytometric and potentially molecular assessment,
although from a clinical point of view, distinction
might not be necessary for treatment planning.
Distinction from neoplastic proliferation of
mature plasmacytoid dendritic cells also requires
bone marrow assessment. MPDCPs are often
well-defined nodules of plasmacytoid dendritic
cells with an immunophenotype of normal
PDCs, although aberrant T-cell marker and/or
myeloid marker (e.g., CD33) expression can also
be seen. CD56 is usually negative or weakly pos-
itive and the proliferation index is low. Clonal
genetic alterations shared with the associated
myeloid malignancy can also be demonstrated.
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Definition

Adult T-cell leukemia/lymphoma (ATLL) is a
peripheral T-cell neoplasm most often composed

of highly pleomorphic lymphoid cells. The dis-
ease is usually widely disseminated and is
caused by the human retrovirus known as
human T-cell leukemia virus type 1 (HTLV-1)
(Ohshima et al. 2017).

Clinical Features

• Incidence
ATLL is endemic in several regions of
the world: southwestern Japan, the
Caribbean basin, and parts of Central Africa.
Other areas of prevalence include Central
and South America, in particular Brazil and
Ecuador. The cumulative incidence of ATLL
is estimated to be 2.5% among HTLV-1 car-
riers in Japan, with an ongoing increased risk
until 70 years of age (Tajima 1999). ATLL
occurs only in adults. Differences in geo-
graphic or ethnic origin correlate with the
different patterns of disease. A lymphoma-
tous form is more often observed in the West-
ern hemisphere, while Asian patients are
more often leukemic (Levine et al. 1994).

• Age
The disease has a long latency, and affected
individuals are usually exposed to HTLV-1
very early in life. The age at onset ranges
from the 20s to the 80s, with a mean of
58 years.

• Sex
ATLL is slightly more predominant in males:
male-to-female ratio of ATLL incidence is
1.5:1 (Tajima 1999).

• Site
The distribution of the disease is usually
systemic. Most ATLL patients present with
widespread lymph node involvement, as
well as peripheral blood (PB) involvement.
The number of circulating neoplastic cells
does not correlate with the degree of bone
marrow (BM) involvement, suggesting
that circulating cells are recruited from
other organs such as the skin. In fact, the
skin is the most common extralymphatic
site of involvement (>50%). Skin lesions are
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clinically diverse and are classified as ery-
thema, papules, and nodules (Yamaguchi
et al. 2005). Rare cases may show tumor-
like lesions or erythroderma, as in Sézary
syndrome. Other extranodal sites of clinically
relevant disease include the lungs, liver,
spleen, gastrointestinal tract, and central ner-
vous system, which may lead to clinical
symptoms and morbidity (Bunn Jr et al.
1983) (Table 1).

• Treatment
At present, no standard treatment for
ATL exists (Tsukasaki et al. 2009). Conven-
tional chemotherapy regimens (doxorubicin-
based) are recommended for newly
diagnosed acute, lymphoma, or unfavorable
chronic types of ATL at the expense of
higher toxicities (Tsukasaki et al. 2007). Allo-
geneic hematopoietic stem-cell transplanta-
tion (alloHSCT) is now considered a

promising treatment of young patients with
aggressive ATL (Fukushima et al. 2005).
Watchful waiting until disease progression is
recommended for patients with favorable
chronic or smoldering variants (indolent
ATL). Initial trials using drugs that are active
against retroviruses, a combination of
a-interferon and zidovudine, may be effective
for favorable chronic or smoldering variants
(Tsukasaki et al. 2009). Promising results
have been obtained for the treatment of
T-cell malignancies, including ATLL with
monoclonal antibody – based on new agent
therapies, including defucosylated human-
ized anti-CCR4 antibody (KW-0761), IL-2

Adult T-Cell Leukemia/Lymphoma, Table 1 Clinical
and morphological spectrum of ATLL

Peripheral blood (leukemia)

Smoldsering type

Chronic type

Acute type

Lymph node (Lymphoma)

Hodgkin’s-like type

Angioimmunoblastic T-cell lymphoma like type

Pleomorphic small cell type

Pleomorphic (medium and large cells) type

Anaplastic large cell type

Skin

Erythema

Papule

Nodule

Tumor

Gastrointestinal tract

Erosion

Ulceration

Tumor

Liver

Portal or sinus infiltration

Bone marrow

Usually sparse infiltration

Osteoclastic activity

Adult T-Cell Leukemia/Lymphoma, Fig. 1 ATLL
cells in peripheral blood (Giemsa stain). The
leukemic cells are medium-sized to large lymphoid cells
with irregular nuclei and basophilic cytoplasm.
A “flower cell” with many nuclear convolutions and
lobules is characteristic in acute ATLL (a). ATLL cells
in the chronic variant are generally small with slight
nuclear abnormalities, such as notching, indentation,
and convolution (b)

Adult T-Cell Leukemia/Lymphoma 25

A



fused with diphteria toxin, histone
deacetylase inhibitors, purine nucleoside
phosphorylase inhibitors, a proteasome inhi-
bitors, and lenalidomide (Tsukasaki et al.
2009).

• Outcome
Clinical subtype classification of ATLL –
acute, lymphomatous, chronic, and smoldering
variants – has been proposed based on
the prognosis and clinical manifestations
(Shimoyama 1999; Tsukasaki et al. 2009).
Without treatment, most patients with acute
and lymphomatous variants die of disease
or infectious complications, which
include P. carinii pneumonia, cryptococcal
meningitis, disseminated herpes zoster, and
hypercalcemia (Shimoyama 1999), within

weeks or months. More than one-half of
patients with smoldering ATLL survive for
more than 5 years without chemotherapy, but
these patients can progress to an acute phase
with an aggressive clinical course (Ohshima
et al. 1999). Long-term prognosis for patients
with favorable chronic or smoldering variants
(indolent ATL) is poorer than expected, with a
median survival of 5.3 years, and the survival
curve lacks a plateau (Takasaki et al. 2010).
Among the variants, chronic ATLL has the
most diverse prognosis, which is divided into
favorable and unfavorable by clinical parame-
ters. Unfavorable chronic ATLL is defined by
at least one of the following three factors: a low
serum albumin, high LDH, or high blood urea
nitrogen concentration (Tsukasaki et al. 2009).

Adult T-Cell Leukemia/Lymphoma, Fig. 2 Histology
of HTLV-I associated lymph node lesions. The lymph node
of pleomorphic (medium-sized and large cell) type shows a
diffuse proliferation of atypical medium-sized to large
lymphoid cells with irregular nuclei. Giant cells with
cerebriform nuclei are occasionally seen (in the center)

(a). The pleomorphic small cell type shows a diffuse pro-
liferation of atypical small- to medium-sized lymphoid
cells (b). The anaplastic large cell type shows a diffuse
proliferation of atypical large lymphoid cells with promi-
nent nucleoli (c). The lymph node of Hodgkin-like ATLL
shows scattered Reed-Sternberg-like giant cells (d)
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Microscopy

ATLL is characterized by an extremely diverse
spectrum of cytologic features (Ohshima et al.
2017). The neoplastic cells in the PB are mark-
edly polylobulated, with nuclear convolutions
and lobules, and have been termed flower cells
based on the petal-like appearance of the nuclear
lobes (Jaffe et al. 1984, Shimoyama et al.
1999). The chromatin is condensed and
usually hyperchromatic without prominent
nucleoli. The cytoplasm is deeply basophilic,
which is most readily observed with the Giemsa
staining of air-dried smears (Fig. 1). Basophilic
cytoplasm and hyperchromasia are useful
features in distinguishing ATLL from Sézary
syndrome.

Lymph node involvement is present in
many patients. Lymph node architecture is
diffusely effaced by the neoplastic cells. Some
cases exhibit a leukemic pattern of infiltration,
with preservation or dilation of lymph node
sinuses that contain malignant cells. The inflam-
matory background is usually sparse, although

eosinophilia may be present. Neoplastic lym-
phoid cells are typically medium-sized to large,
often with pronounced nuclear pleomorphism.
The nuclear chromatin is coarsely clumped
with distinct, sometimes prominent, nucleoli.
Blast-like cells with transformed nuclei and
dispersed chromatin are present in variable
proportion. Giant cells with convoluted,
cerebriform, or bizarre nuclear contours may be
present (Fig. 2a). Rare cases may be composed
predominantly of small lymphocytes, with irreg-
ular nuclear contours (Fig. 2b). Rare cases may
also have large-cell morphology, which is indis-
tinguishable from anaplastic large cell lym-
phoma except for the lack of anaplastic
lymphoma receptor tyrosine kinase (ALK)
expression and cytotoxic molecules (Fig. 2c).
Lymph nodes in some patients with incipient
ATLL, such as the smoldering type, may
exhibit a Hodgkin-lymphoma-like histology.
The lymph nodes exhibit a relatively preserved
nodal architecture with diffuse infiltration of
small- or medium-sized lymphocytes with
mild nuclear irregularity. Small aggregated foci
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Adult T-Cell Leukemia/Lymphoma, Fig. 3 Survival
rate of HTLV-I associated lymph node lesions (Ohshima
et al. 1999). The pleomorphic (medium and large
cell) type and the anaplastic large cell type have
been associated with a rapidly deteriorating survival

curve. The pleomorphic small cell type shows an
initial steep increase in mortality while the rate reaches
a plateau after 20 months. Survival rate of the patients
with the Hodgkin-like type is on a decreasing trend
throughout an observation period of 6 years
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or clusters of a few giant cells with irregularly
lobulated, highly convoluted, Reed-Sternberg-
or Hodgkin-like nuclei are scattered through-
out the expanded paracortex (Fig. 2d).
Epstein-Barr virus (EBV) + B lymphocytes
with Hodgkin-like features are interspersed in
this background. These giant cells express
CD30 and CD15. This variant usually
progresses to overt ATLL within months. The
expansion of EBV+ B cells is considered sec-
ondary to the underlying immunodeficiency
observed in patients with ATLL. Lymph nodes
in nonneoplastic carriers show features of
lymphadenitis. Nodal architecture is preserved
with small follicles, enlargement of the
paracortex, and diffuse infiltration of small- or
medium-size lymphocytes. The survival

rate according to histological subtype is shown
in Fig. 3.

Skin lesions are observed in more than 50% of
patients with ATLL (Fig. 4). Epidermal infiltration
with Pautrier-like microabscesses is common
(Jaffe et al. 1984). Dermal infiltration is mainly
perivascular; however, larger tumor nodules with
extensions to subcutaneous fat may be observed.
In the prodromal phase, as in the smoldering and
chronic types, the smaller neoplastic cells are usu-
ally predominant in the skin, with minimal cyto-
logic atypia.

BM involvement is typically not
prominent. Marrow infiltration is usually patchy,
ranging from sparse to moderate, and is less than
one might expect given the marked
lymphocytosis. Osteoclastic activity may be

Adult T-Cell Leukemia/Lymphoma, Fig. 4 Macro-
scopic and histopathological findings of skin lesion in
ATLL. The macroscopic findings have been classified as
erythema (a), papules (b), nodules (c), and tumor (d). The
lymphoma cells have infiltrated the epidermis,

producing Pautrier-like microabscesses. The lymphoma
cells react with CD3 antibody (inset) (e). The lymphoma
cell sizes are varied to small (f), medium-sized (g), and
large (h)
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prominent, even in the absence of BM infiltration
by neoplastic cells. Hepatic infiltrates are mainly
observed in the portal area with occasional
destruction of limiting plates. Sinus infiltration
is observed in some patients, although fibrosis
is rarely seen. The involvement of the gastroin-
testinal tract is demonstrated by ulcerated
mass, erosion, or tumor-like lesions. Pulmonary
infiltrates are generally patchy and interstitial.
Involvement of the central nervous system may
show meningeal infiltration, with neoplastic
cells in cerebrospinal fluid. Clinical mani-
festations of neoplastic infiltrates into
many organs are very diverse and may mimic
inflammatory disorders. These diffused
infiltrates are also indicative of the systemic
nature of the disease and the presence of circu-
lating malignant cells.

Immunophenotype

Tumor cells, regardless of cytologic subtype,
express T-cell associated antigens (CD2,
CD3, CD5), but usually lack CD7. Although
most cases are CD4+ (Fig. 5a, b) and CD8�,
some are CD4�, CD8+, or double positive
for CD4 and CD8. CD25, the interleukin-2
receptor (IL-2R) alpha subunit, is strongly
expressed in nearly all cases. The large
transformed cells may be positive for CD30,
but are negative for ALK and cytotoxic mole-
cules. The lymphoma cells frequently express
the chemokine receptor 4 (CCR4) as well as
FoxP3 (Fig. 5c, d). The combination of
CD3, CD4, CD25, CCR4, and FoxP3 suggests
that ATLL cells may be derived from regulatory
T cells.

Adult T-Cell Leukemia/Lymphoma, Fig. 5 Immunophenotype of typical ATLL cells. ATLL cells express CD3 (a),
CD4 (b), FoxP3 (c), and CCR4 (d)
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Molecular Features

ATLL is a mature T-cell neoplasm with clonal
rearrangement of the T-cell receptor genes. There
are no known recurrent cytogenetic changes that
are available to aid diagnosis (Itoyama
et al. 2001).

Differential Diagnosis

The lack of cytotoxic molecules expression is a
key consideration in the differential diagnosis of
ATLL versus extranodal cytotoxic T-cell lympho-
mas in HTLV-1-endemic areas.
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Synonyms

Ki-1 lymphoma (obsolete)

Definition

Anaplastic large cell lymphoma (ALCL) repre-
sents a distinct type of non-Hodgkin’s lymphoma
(NHL) of T or null phenotype with unique mor-
phologic features and CD30 antigen expression.
The pathogenesis of ALCL began to be
deciphered in 1989, when different authors
reported the t(2;5)(p23;q35) as a recurrent chro-
mosomal abnormality in ALCL. In 1994, Morris
et al. demonstrated that this translocation juxta-
posed the anaplastic lymphoma kinase (ALK)
gene at 2p23 to the nucleophosmin (NPM) gene
at 5q35, resulting in the expression of the NPM-
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ALK chimeric protein. A major advance was
made in 1997 with the production of
a monoclonal antibody against ALK. Therefore,
in the 2001 World Health Organization (WHO)
classification of hematologic malignancies,
ALCL was a distinct entity divided in two main
categories, ALK-positive and ALK-negative
tumors. However, although ALKpos ALCL are
relatively homogeneous, cases with similar mor-
phology and phenotype, ALK-negative ALCLs
are much more heterogeneous. In the 2008
WHO classification, ALK-positive ALCL is
a distinct entity, whereas ALK-negative ALCL is
a provisional entity (Delsol et al. 2008; Mason
et al. 2008).

Primary systemic ALCL, both ALK positive
and ALK negative, must be distinguished from
the primary cutaneous type of ALCL which is
a part of the spectrum of CD30-positive T-cell
lymphoproliferative disorders of the skin and
from other subtypes of T- or B-cell lymphoma
with anaplastic features or CD30 expression.
Recently, ALK-negative ALCL associated with
breast implants (i-ALCL) has also emerged as
a distinct clinicopathologic entity (Miranda et al.
2014). Only systemic ALCL and i-ALCL will be
considered in this entry.

Clinical Features

• Incidence
Systemic ALCL accounts for 5 % of all non-
Hodgkin’s lymphomas and 10–30 % of child-
hood lymphomas.

The risk of developing i-ALCL is very low
(0.1–0.3 per 100,000 women with prostheses).
In the “French lymphopath network,” since
2010, three to four new cases per year have
been observed for 340,000 women with pros-
theses. Interestingly, i-ALCL is the most fre-
quent breast T-cell lymphoma (lymphopath
network: unpublished results).

• Age
Systemic ALK-positive ALCL is most fre-
quent in the first three decades of life and
accounts for more than 90 % of ALCL in
children, but only 50 % of adult cases.

The mean age of the patients presenting
with i-ALCL is 50 years (range 28–87 years).

• Sex
Systemic ALK-positive ALCL shows a slight
male predominance while no clear male or
female preponderance is observed in ALK-
negative ALCL.

• Site
Primary systemic ALK-positive ALCL fre-
quently presents with advanced stage III–IV
disease with peripheral or abdominal lymph-
adenopathy and extranodal involvement,
including more particularly skin, bone, soft
tissues, lung, and liver. Mediastinal disease is
less frequent than in Hodgkin’s lymphoma.
The incidence of bone marrow involvement is
approximately 10 % when analyzed with
hematoxylin-eosin but increases significantly
(30 %) when immunohistochemical stains for
CD30, EMA, or ALK are used. Several cases
with a leukemic presentation have been
reported.

Extranodal involvement is less common in
ALK-negative ALCL.

Two subgroups of patients with i-ALCL can
be distinguished: (i) majority of patients pre-
sent with seroma (accumulation of fluid around
the breast implant) and a stage I disease; (ii)
10–35 % of patients have a palpable tumor
mass but generally limited to the breast or
associated with axillary lymphadenopathies
(stage II); and stage IV disease is rare. Some
patients present with a breast tumor mass asso-
ciated with seroma.

• Treatment
Most patients with systemic ALCL are treated
with anthracycline-containing chemotherapy
regimens. But the unique phenotype and
molecular features of ALCL make this disease
an ideal model for developing targeted thera-
pies. Brentuximab vedotin is an antibody-drug
conjugate directed to the CD30 protein used to
treat patients with relapsed/refractory ALCL.
The first ALK-targeted therapy tested in clinics
was crizotinib, and the excellent results
obtained in refractory ALCL are likely to
change the treatment paradigm in ALK-
positive ALCL.
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ALK-negative ALCL associated with
breast implants is generally efficiently treated
with capsulectomy alone. However i-ALCLs
presenting with tumor mass could have a more
aggressive clinical course that might require
additional therapy to implant removal.

• Outcome
The prognosis of ALK-positive ALCL is favor-
able compared with patients with other types of
T-cell lymphomas, including ALK-negative
ALCL. The 5-year overall survival (OS) of
ALK-positive ALCL varies from 70 % to
80 %, in contrast to less than 50 % in ALK-
negative cases. Relapses are not uncommon
(30 % of cases), but they often remain sensitive
to chemotherapy. Risk stratification of children
with ALCL was, until now, based on clinical
parameters such as mediastinal, visceral, and
skin involvement, recognized as bad prognostic
factors. But, more recently, pathological and
biological risk factors have been described.
Small cell and/or lymphohistiocytic morpholog-
ical features indicate a high risk of failure.
Detection of minimal disseminated disease by
qualitative PCR for NPM-ALK in bone marrow
and peripheral blood at diagnosis and an early
positive minimal residual disease during treat-
ment identify patients at risk of relapse. This
could be linked to a bad immune control of the
disease, partly reflected by the anti-ALK anti-
body titer that is inversely correlated to progno-
sis. An important prognostic indicator is ALK
positivity, which has been associated with
a favorable prognosis in different series. ALK
positivity seems particularly important in
patients more than 40 years, whereas in patients
less than 40 years, ALK has no impact on pro-
gression-free survival (PFS) and OS. No differ-
ences have been found between NPM-ALK-
positive tumors and tumors showing variant
translocations involving ALK and fusion part-
ners other than NPM.

Recent data indicate that outcomes of ALK-
negative ALCL vary markedly based on
genetic subtype. ALK-negative ALCLs with
DUSP22 rearrangements had a better outcome,
similar to that of ALK-positive ALCL, than
those with TP63 rearrangements.

I-ALCL is generally an indolent localized
disease. However i-ALCLs presenting with
tumor mass could have a more aggressive clin-
ical course.

Macroscopy

Not applicable.

Microscopy

Although ALK-positive ALCLs exhibit a broad
spectrum of morphologic features, all cases con-
tain a variable proportion of large cells with
eccentric horseshoe- or kidney-shaped nuclei,
often with an eosinophilic region near the
nucleus, referred to as hallmark cells (Fig. 1a).
Depending on the plane of the section, some cells
may appear to contain cytoplasmic inclusions.
These are not true inclusions, however, but
invaginations of the nuclear membrane. Cells
with these features have been referred to as
donut cells. In some cases the nuclei are round
to oval, and the proliferation appears quite
monomorphic. Multiple nuclei may occur in
a wreath-like pattern, giving rise to cells resem-
bling Reed-Sternberg cells (Fig. 1b). The nuclear
chromatin is usually finely clumped or dispersed,
with multiple small basophilic nucleoli. Promi-
nent inclusion-like nucleoli are relatively
uncommon, aiding in the differential diagnosis
with Hodgkin’s lymphoma. A striking feature of
ALCL is its tendency to grow within the sinuses
in a cohesive manner mimicking melanoma or
carcinoma metastasis, although complete archi-
tectural effacement can also be seen (Fig. 1c).
Another helpful feature is the perivascular distri-
bution of the malignant cells forming rosettes
around the blood vessels (Fig. 1d). An inflam-
matory background is invariably present but its
intensity varies in the different morphologic pat-
terns of ALCL. Five patterns are recognized in
the 2008 WHO classification. The most frequent
is the “common pattern” (60 % of all the cases).
In this variant, hallmark cells are frequently seen
but other cells may resemble Reed-Sternberg
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Anaplastic Large Cell Lymphoma, Fig. 1 (a) Large
cells with eccentric horseshoe- or kidney-shaped nuclei,
often with a paranuclear eosinophilic region, referred to as

hallmark cells, present in all morphologic variants in var-
iable proportions (hematoxylin-eosin); (b) large cells with
wreath-like nuclei (hematoxylin-eosin); (c) a striking
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cells (Fig. 1e). The small cell and lymphohis-
tiocytic variants are next in frequency after the
“common pattern.” They seem to be related
because tumors may contain a mixture of these
two patterns or may appear alone or in combina-
tion in sequential biopsies. The small cell pattern
(5–10 %) shows a predominant population of
small cells with irregular nuclei and abundant
clear cytoplasm (Fig. 1f). Hallmark cells are
always present and are often concentrated around
the blood vessels. This variant is often mis-
diagnosed as PTCL-NOS by conventional exam-
ination. The lymphohistiocytic variant (10 %) is
characterized by tumor cells admixed with abun-
dant reactive pale histiocytes (Fig. 1g). The his-
tiocytes may mask the malignant cells, which are
often smaller than in the common pattern. As in
the small cell pattern, the identification of hall-
mark cells mainly surrounding the blood vessels
is a clue to the correct diagnosis. The “Hodgkin-
like pattern” (3 %) is characterized by morpho-
logic features mimicking nodular sclerosis clas-
sical Hodgkin’s lymphoma (Fig. 1h). ALCL with
a composite pattern accounts for 10–20 % of
cases. These cases have features of more than
one pattern in a single lymph node biopsy. In
addition, in some cases, a repeat biopsy taken at
the time of relapse may reveal morphologic fea-
tures that differ from those seen initially,
suggesting that the morphologic patterns of
ALCL are simply variations of the same entity.
Other less frequently encountered patterns
include the monomorphic variant, cases rich in
multinucleated giant cells, or cases with
sarcomatoid features. The importance of recog-
nizing these rare variants lies in the potential of
misdiagnosis with clinical consequences.

Like ALK-positive ALCL, ALK-negative
ALCL exhibits a broad spectrum of morphologic
features. On morphologic grounds alone, some
cases are strictly similar to ALCL, common pattern,
including “hallmark” cells that typically grow
within sinuses (Fig. 2a). Other cases consist of
more pleomorphic cells with a high nuclear-to-
cytoplasmic ratio. Morphologic features suggestive
of aggressive classical Hodgkin’s lymphoma but not
supported by phenotype may be observed. Of note,
cases corresponding toALCL, small cell pattern, are
not recognized in the WHO classification because
there are no phenotypic or molecular markers that
allow the differentiation of ALK-negative ALCL
from PTCL-NOS expressing CD30.

The two distinct clinical presentations of i-
ALCL correlate with a specific histological sub-
type. In situ i-ALCL subtype consisting in
a neoplastic proliferation confined to the capsule
is associated with seroma. The distribution of
malignant cells on the inner side of the capsule is
usually heterogeneous. In cellular areas, the pro-
liferation consists of a population of large pleo-
morphic cells of varying sizes suggesting just
a large cell lymphoma, although scattered hall-
mark-like cells may be observed (Fig. 2b). Some
neoplastic cells are found to be encased within
fibrinoid material. There is only a sparse inflam-
matory infiltrate. Infiltrative i-ALCL massively
infiltrating the capsule and/or adjacent tissues is
associated with a tumor mass (Fig. 2c). Sheets or
clusters of large anaplastic cells are accompanied
by large numbers of eosinophils. In some cases
the presence of numerous Reed-Sternberg-like
cells in a background rich in eosinophils may be
highly suggestive of Hodgkin’s lymphoma.
Necrosis is frequently associated and sclerosis is

��

Anaplastic Large Cell Lymphoma, Fig. 1 (continued)
feature of ALCL is its sinusoidal growth pattern mimicking
a metastatic malignancy (CD30 staining); (d) characteris-
tically, the neoplastic cells often cluster around blood ves-
sels (hematoxylin-eosin); (e) ALCL, common pattern
consisting in a predominant population of large cells with
irregular nuclei. Note the large “hallmark” cells with eccen-
tric kidney-shaped nuclei; (f) ALCL, small cell variant.
Predominant population of small cells with irregular nuclei

associated with scattered “hallmark” cells with kidney-
shaped nuclei. This case exhibits amonomorphic population
of small cells with clear cytoplasm (“fried egg” cells) (hema-
toxylin-eosin); (g) ALCL, lymphohistiocytic pattern.Malig-
nant cells are admixed with a predominant population of
nonneoplastic histiocytes. The malignant cells may be
extremely rare and difficult to detect on hematoxylin-eosin
stain. (h) ALCL mimicking nodular sclerosis classical
Hodgkin’s lymphoma (hematoxylin-eosin)
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sometimes observed. Interestingly, the two mor-
phologic patterns coexisted within the same lesion
in two patients, not only showing a histogenetic
relationship between in situ and infiltrative i-
ALCL but also suggesting that a lesion confined
to the capsule may evolve to an infiltrating
proliferation.

Immunophenotype

By definition, all ALCLs are positive for CD30
(Fig. 3a). In most cases, virtually all neoplastic
cells show strong CD30 staining on the cell mem-
brane and in the Golgi region. In the small cell
variant, small tumor cells may be only weakly
positive or even negative for CD30 (Fig. 3b).
But as in the lymphohistiocytic patterns, the

strongest CD30 expression is present in the larger
tumor cells, which often cluster around blood
vessels. The majority of ALCLs are positive for
EMA (Fig. 3c). Its expression is more variable in
ALK-negative ALCL. The great majority of
ALCLs express one or more T-cell or natural killer
(NK) cell antigens. However, owing to the loss of
several pan-T-cell antigens, some cases may have
an apparent null cell phenotype. In these cases,
a diagnosis of Hodgkin’s lymphoma rich in neo-
plastic cells must be excluded. PAX5 is a very
useful marker in this setting because nearly all
cases of Hodgkin’s lymphoma and gray zone
lymphoma express PAX5. Because no other dis-
tinctions can be found in cases with a T-cell versus
null cell phenotype, T/null ALCL is considered
a single entity. CD3, the most widely used pan-T-
cell marker, is negative in more than 75% of cases

Anaplastic Large Cell Lymphoma, Fig. 2 (a) ALK-
negative ALCL showing morphologic and phenotypic fea-
tures closely comparable to those observed in ALK-
positive ALCL (hematoxylin-eosin); (b) ALK-negative
ALCL associated with breast implants (i-ALCL) in
a patient with a seroma. The proliferation is confined to
the fibrous capsule (“in situ” i-ALCL) (hematoxylin-

eosin); (c) i-ALCL in a patient with a tumor mass. The
neoplastic proliferation infiltrates the surrounding tissues
(“infiltrative” i-ALCL) (hematoxylin-eosin); (d) CD30
staining highlights the two morphologic patterns in the
same case suggesting that “in situ” i-ALCL may evolve
to “infiltrative” i-ALCL
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Anaplastic Large Cell Lymphoma, Fig. 3 (a) By defi-
nition, in ALCL, malignant cells are strongly positive for
CD30; (b) in the small cell variant, the strongest
immunostaining is seen in the large cells which often

cluster around blood vessels; smaller tumor cells may be
only weakly positive or even negative for CD30; (c) the
staining pattern for EMA is usually similar to that seen with
CD30, although in some cases only a proportion of
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in ALK-positive ALCL (Fig. 3d). Positive
staining for CD3 is more common in ALK-
negative ALCL. CD5 and CD7 are often negative
as well. CD2 and CD4 are more useful and are
positive in a significant proportion of cases. Most
cases exhibit positivity for the cytotoxic-
associated antigens (perforin or granzyme B).
However, most ALK-negative ALCLs with
DUSP22 rearrangements lack cytotoxic marker
expression. Tumor cells are variably positive for
CD45 and CD45RO but strongly positive for
CD25. CD15 expression is rarely observed, and
when present, only a small proportion of neoplas-
tic cells is stained. ALCLs are consistently nega-
tive for Bcl-2 and Epstein-Barr virus. A loss of
TCR proteins and proximal TCR signaling mole-
cules in tumor cells (CD3 and ZAP-70) are
observed revealing a very characteristic feature
of this disease.

In systemic ALK-positive ALCL, the ALK
staining may be cytoplasmic, nuclear, and nucle-
olar (cases associated with NPM-ALK chimeric
protein expression), or it may be restricted to
either the cytoplasm (Fig. 3e) or, more
rarely, the cell membrane depending on the
ALK fusion partner (Fig. 3f). Importantly, in
the small cell pattern and, to a lesser extent, in
the lymphohistiocytic pattern, ALK staining
may be restricted to scattered large cells
(Fig. 3g). However, ALK staining performed
without a nuclear counterstain reveals a large
population of small cells showing restricted
nuclear staining (Fig. 3h).

In i-ALCL, malignant cells are also
strongly positive for CD30 (Fig. 2d). They
show a variable positive staining for EMA. In

majority of cases, neoplastic cells are of
T phenotype and positive for one or several T-
cell markers (i.e., CD2, CD3, CD4, CD43) and
cytotoxic-associated markers. They are ALK
negative.

Molecular Features

Numerous translocations affecting the ALK gene
at 2p23 have been described in systemic ALK-
positive ALCL, resulting in different oncogenic
ALK fusion proteins, the most common of which
is nucleophosmin (NPM)-ALK which occurs in
75–80 % of ALK-positive ALCL. In all these
translocations, the ALK gene is placed under the
control of the promoter of genes that are constitu-
tively expressed in lymphoid cells – hence the
ALK gene expression. All ALK partners provide
dimerization domains that are ligand independent,
leading to constitutive autophosphorylation of the
tyrosine kinase domain that, in turn, initiates
numerous downstream signaling cascades
involved in proliferation and survival including
JAK/STAT, MAPK, and PLCg pathways. Addi-
tionally, the activated STAT3 is able to induce
the expression of transcription factors like
CEBPB or AP-1.

Recently, recurrent rearrangements of the
DUSP22-IRF4 locus on 6p25.3 (referred to as
DUSP22 rearrangements) or the TP63 locus on
3q28 have been reported in 30% and 8% of ALK-
negative ALCLs, respectively. The former is asso-
ciated with decreased expression of the dual-
specificity phosphatase gene, DUSP22. The
most common DUSP22 rearrangement, seen in
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Anaplastic Large Cell Lymphoma, Fig. 3 (continued)
malignant cells is positive; (d) CD3, the most widely used
pan-T-cell marker, is often negative. When malignant cells
are scarce and admixed with a predominant population of
nonneoplastic lymphocytes, it can be difficult to assess
CD3 expression in tumor cells. Double immunostaining
with ALK1 (brown) and CD3 (blue) confirms that ALK-
positive malignant cells are CD3 negative in this small cell
ALCL; (e) nuclear, nucleolar, and cytoplasmic staining
associated with the t(2;5) translocation (expression of
NPM-ALK hybrid protein) (ALK1 staining); (f) diffuse

cytoplasmic staining in a case associated with the inv(2)
(p23q35) (expression of ATIC-ALK) (ALK1 staining); (g)
in the small cell variant of ALCL associated with the t(2;5)
translocation, ALK staining is frequently restricted to
nuclei (ALK1 staining); (h) in the small cell pattern and,
to a lesser extent, in the lymphohistiocytic pattern, ALK
staining may be restricted to scattered large cells. However,
ALK staining performed without a nuclear counterstain
reveals a large population of small cells showing restricted
nuclear staining (ALK1 staining)
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45 % of cases, is t(6;7)(p25.3;q32.3) and is asso-
ciated with downregulation of microRNAs in the
MIR29 cluster on 7q32.3. TP63 rearrangements
occur most commonly with the TBL1XR1 gene as
inv(3)(q26q28) and lead to expression of fusion
proteins sharing homology with oncogenic
DNp63 isoforms. Rearrangements of DUSP22
and TP63 are not specific for ALCL; however,
they have significant prognostic associations (see
above).

Clonal T-cell receptor (TCR) genes
rearrangements have been shown in 74–90 %
of systemic ALCL cases by sensitive PCR
methods.

In i-ALCL, TCR genes are clonally
rearranged in majority of cases. Molecular anal-
ysis for ALK gene rearrangement is negative. No
characteristic chromosomal abnormality has
been yet described.

Differential Diagnosis

Even if the morphological features of most
ALCLs suggest the diagnosis, a definitive diag-
nosis cannot be made without immunohistochem-
istry. A major advance was made with the
production of anti-ALK antibodies. They are of
critical diagnostic value in some ALK-positive
ALCLs with unusual morphologic features.

A rare distinct diffuse B large cell lymphoma
with immuno-/plasmablastic morphology
expresses EMA and the ALK protein, but these
tumors lack CD30 expression (Fig. 4a–c).

Occasional ALK-positive ALCL with hypo-
cellular appearance and myxoid background may
share with inflammatory myofibroblastic tumor
bland morphology of tumor cells, polymorphous
inflammatory cell background, myxoid stromal
changes, and ALK positivity, but CD30 positivity

Anaplastic Large Cell Lymphoma, Fig. 4 (a) ALK-
positive DLBCL with large immunoblastic or
plasmablastic cells (hematoxylin-eosin). They lack CD30
expression but strongly express EMA (b) and are ALK

positive. (c, d) ALCL with edematous stroma and inflam-
matory background, reported as hypocellular ALCL, may
mimic a reactive benign condition or an inflammatory
myofibroblastic tumor
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and T-cell antigen expression are helpful for diag-
nosis (Fig. 4d).

Small cell variant is often misdiagnosed as
peripheral T-cell lymphoma, not otherwise speci-
fied (PTCL-NOS) by conventional examination;
however, a clue to the diagnosis is the strong
expression of CD30 and ALK in large cells often
localized around blood vessels (Figs. 1d and 3b).
As noted earlier, a small cell variant of ALK-
negative ALCL is not recognized in the WHO
classification, and proliferations of a T-cell phe-
notype showing these morphologic features must
be diagnosed as PTCL-NOS.

ALCL, lymphohistiocytic pattern, may be
extremely difficult to recognize and is commonly
misdiagnosed as histiocyte-rich lymphadenitis.
The architecture obliteration of the lymph node
is a key feature, and diagnosis is confirmed by
immunohistochemistry using CD30 and ALK-
reactive antibodies.

ALCL, Hodgkin-like pattern, is extremely rare
and requires positive staining for ALK. Hodgkin-
like ALK-negative ALCL should be diagnosed
only in cases with both morphologic features con-
sistent with Hodgkin’s lymphoma and an antigen
profile characteristic of ALCL – at is, positive
staining for CD30, EMA, CD3 (or other T-cell
antigens), and CD43 in conjunction with negative
staining for EBV-associated markers (LMP-1 and
EBER) and B-cell antigens (PAX5, CD20, and
CD79a).

Skin involvement by systemic ALCL can
cause diagnostic confusion with other CD30+
T-cell lymphoproliferative disorders. The dis-
tinction among these disorders is sometimes dif-
ficult and requires the combined assessment of
histological, clinical, and phenotypic features.
The expression of EMA is variable. While
ALK protein is usually absent in these
lymphoproliferative disorders, rare cases of pri-
mary cutaneous ALK-positive ALCL have
recently been reported.

The diagnosis of ALK-negative ALCL is more
difficult because of the lack of specific markers.
As a consequence, all tumors consisting of large
cells expressing the CD30 antigen need to be
considered in the differential diagnosis. Recently,
gene expression profiling studies have indicated

that ALK-negative ALCL and PTCL-NOS have
distinct molecular signatures and may be differ-
entiated by as few as three genes (TNFRSF8,
BATF3, and TMOD1).

By definition, the diagnosis of i-ALCL must
be restricted to patients with this distinct clinical
context. Secondary breast involvement by
a systemic ALK-negative ALCL must be
excluded. Breast involvement by PTCL-NOS
with a population of CD30+ large cells may
also be responsible for diagnostic difficulties.
As noted earlier, some cases of ALK-negative
i-ALCL with Reed-Sternberg-like cells, in
a background rich in eosinophils, may resemble
Hodgkin’s lymphoma. The clinical context (i.e.,
breast implant), the rarity (if it exists) of primary
breast Hodgkin’s lymphoma, and the phenotype
of atypical cells (CD30+, EMA�, T phenotype,
and PAX5) allow exclusion of Hodgkin’s
lymphoma.
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Angioimmunoblastic T-Cell
Lymphoma
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Synonyms

Angioimmunoblastic lymphadenopathy; Angio-
immunoblastic lymphadenopathy (AILD) with
dysproteinemia; Immunoblastic lymphadenopa-
thy; Immunoblastic T-cell lymphoma; Lympho-
granulomatosis X

Definition

Angioimmunoblastic T-cell lymphoma (AITL) is
a neoplasm of mature T follicular helper (TFH)
cells characterized by systemic disease, a poly-
morphous infiltrate involving lymph nodes, with a
prominent proliferation of high endothelial
venules and follicular dendritic cells (Swerdlow
et al. 2017).

Clinical Features

• Incidence
According to a retrospective study published in
2008, AITL represents the second most com-
mon form peripheral T-cell lymphoma (PTCL)
worldwide, accounting for 18.5% of the cases.
The disease is more common in Europe
(representing 29% of the cases) than in North
America or Asia where its prevalence is esti-
mated to be 16% and 18% of the cases, respec-
tively. According to recent publications
reporting on the findings derived from the
Lymphopath network in France, AITL repre-
sents the most common form of noncutaneous
PTCL (>35% of the cases) in France. Yet, no
risk factors or etiologic agent(s) have been
identified, and no racial predisposition is
recognized.

• Age
AITL affects elderly adults in their sixth or
seventh decades, at a median age ranging
from 59 to 65 years in published series.

• Sex
A slight or marked male predominance is
repeatedly reported.

• Presenting features and sites of involvement
In typical cases, AITL presents as a subacute or
acute systemic illness which may manifest
after administration of drugs (especially anti-
biotics) or after a viral infection. Therefore,
AITLmaymasquerade as an infectious process
or a systemic inflammatory disease. Several
reports also mentioned an association with var-
ious bacterial or fungal infections, likely
reflecting the consequences of immune dereg-
ulation in AITL patients, rather than a causal
relationship.

The frequency of clinical and laboratory
features in AITL patients summarized
from 16 clinical series published between
1975 and 2017, comprising each 10–243
patients (total approximately 1250 subjects),
is presented in Table 1. Generalized lymph-
adenopathy is almost constant, often accom-
panied by constitutional symptoms such
as fever and weight loss. A high proportion
of patients have hepatomegaly and/or
splenomegaly. Bone marrow involvement
has been reported in up to 70% of the cases
and tends to correlate with a higher frequency
of B symptoms, hepatosplenomegaly, labora-
tory abnormalities, and the presence of
circulating tumor cells. Up to half of the
patients have skin rash and/or pruritus, prior
to or concurrent with the diagnosis of lym-
phoma or at relapse. Nodular skin lesions,
plaques, purpura, and urticarial lesions can
also be seen. Other clinical signs and symp-
toms (arthralgias or arthritis, pleural effu-
sions, ascites and/or edema, lung
involvement, neurologic manifestations, gas-
trointestinal involvement) are less common
with a wide variation in their reported fre-
quency. Overall, most patients have concom-
itant extranodal disease, and the disease is
stage III or IV in more than 80% of cases
(de Leval et al. 2010).
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Laboratory tests often disclose a variety
of hematological, biochemical, and/or immu-
nologic abnormalities. Anemia (often hemo-
lytic and Coombs positive), polyclonal

hypergammaglobulinemia, and hyper-
eosinophilia are the most common alterations
seen at diagnosis. Lymphopenia, thrombocyto-
penia, and the presence of various autoanti-
bodies (rheumatoid factor, antinuclear factor,
anti-smooth muscle, etc.), of cryoglobulins or
cold agglutinins, are other common findings.

Peripheral blood leukocytosis with lympho-
cytosis is rare; however, careful examination of
blood smears can reveal a small population
of atypical lymphoid cells in many patients,
the presence of which is highlighted by flow
cytometry disclosing an aberrant cell surface
immunophenotype (most commonly CD10+
and/or sCD3� or dim).

• Treatment
First-line therapy of AITL typically consists of
CHOP (cyclophosphamide, doxorubicin, vin-
cristine, prednisone) or CHOE (etoposide)
P chemotherapy given for four to six cycles.
Other regimens are experimental. Patients
achieving complete remission (CR) or partial
remission (PR)may benefit from high-dose ther-
apy followed by autologous stem cell transplan-
tation. However, there is no randomized study
supporting this practice. Unfortunately, about
one third of patients showprogression of disease
during first-line treatment. These patients should
immediately be switched to an alternative che-
motherapy regimen (DHAP (dexamethasone,
high-dose cytarabine, cisplatin), GemOxDex
(gemcitabine, oxaliplatin, dexamethasone), or
others) and scheduled for allogeneic
transplantation.

• Outcome
The course of AITL is variable, with occa-
sional spontaneous remissions, but overall it
portends a poor prognosis even when treated
intensively, with a median survival <3 years
and a 5-year overall survival around 30–35%.
However, AITL is not always lethal with 30%
of long-term survivors.

Macroscopy

Lymph nodes are often mildly to moderately
enlarged (<1 to 3 cm) and present a homogeneous
fleshy texture, similar to other lymphomas.

Angioimmunoblastic T-Cell Lymphoma,
Table 1 Frequency of clinical and laboratory features in
AITL patients

Sex ratio (male to female) 0.7–6/1

Median age 57–68 years

General clinical features

Advanced stage (III/IV) 68–94%

LDH > normal 46–86%

Performance status >1 29–57%

B symptoms 51–86%

Bulky mass 1–26%

High-risk IPI (4–5) 21–52%

Organ involvement

Generalized 84–100%

Lymphadenopathy

Bone marrow involvement 12–70%

Hepatomegaly 9–83%

Splenomegaly 35–73%

Skin rash 9–58%

Effusion/edema/ascites 25–53%

Polyarthritis/arthralgias 16–18%

Lung involvementa 3–10%

Neurologic manifestationsb 10%

Gastrointestinal involvementc 1–4%

Laboratory tests

Anemia 33–88%

Positive Coombs test 27–75%

Lymphopenia 17–52%

Thrombocytopenia 9–53%

Hypereosinophilia 24–50%

Hypergammaglobulinemia 30–83%

The data are summarized from 16 clinical series published
between 1975 and 2017 comprising each 10–243 patients
(total approximately 1250 subjects). Not all parameters
were recorded for each patient
Adapted from Ascani et al. (1997), Cho et al. (2009),
Federico et al. (2013), Frizzera et al. (1975), Kaneko
et al. (1988), Kao et al. (2016), Lachenal et al. (2007), Li
et al. (2017), Mourad et al. (2008), Nakamura and Suchi
(1991), Niitsu et al. (2008), Patsouris et al. (1989), Pautier
et al. (1999), Siegert et al. (1995), Tobinai et al. (1988),
Tokunaga et al. (2012)
aX-ray patterns showing diffuse patchy infiltrates or inter-
stitial pneumonia
bVarious manifestations reported: confusion, polyneuritis,
loss of hearing or vision, apathy, regressive hemiparesis,
cerebellar syndrome, tinnitus, aphasia
cLesions consist of mucosal ulcers which may resemble
those of Crohn’s disease or tuberculous colitis and manifest
as bleeding and diarrhea
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Microscopy

The hallmark features of AITL are (1) a diffuse
polymorphous infiltrate including variable pro-
portions of atypical neoplastic T cells, admixed
with small lymphocytes, histiocytes or epithelioid
cells, immunoblasts, eosinophils, and plasma
cells; (2) prominent arborizing high endothelial
venules; and (3) irregular proliferation of follicu-
lar dendritic cells (FDCs). Lymph nodes involved
by AITL are in general characterized by complete
loss of architecture, often with capsular and peri-
nodal infiltration sparing the peripheral sinus, and
absence of residual B-cell follicles (pattern III; see
below) (Figs. 1, 2, and 3).

The lymphoma cells are medium-sized cells
with round or slightly irregular nuclei and abun-
dant clear cytoplasm and tend to form small clus-
ters around high endothelial venules. In less
typical cases, the neoplastic cells are smaller
with only slight pleomorphism and atypia and
without striking clear cell component.

Expanded FDC meshworks, typically associ-
ated with vessels, can be seen by morphology
alone when prominent (Fig. 4) and are best
highlighted by immunohistochemistry using clas-
sical FDC markers (CD21, CD23, CNA.42,
and/or CD35), among which CD21 appears to be
most sensitive.

Varying numbers of small B cells and poly-
typic plasma cells are distributed randomly as
single cells or as small clusters in association
with FDC aggregates. In addition, a population
of large B blasts, which may sometimes mimic
Reed–Sternberg cells, usually infected by EBV, is
almost invariably present.

Variant Architectural Patterns
Three architectural patterns are recognized: pat-
tern I (AITL with hyperplastic follicles), pattern II

Angioimmunoblastic T-Cell Lymphoma, Fig. 1 Low-
power view of a lymph node involved by angioimmu-
noblastic T-cell lymphoma. The architecture is effaced
and there is extension of the lymphoproliferation beyond
the open peripheral sinus (“sinus sign”)

Angioimmunoblastic T-Cell Lymphoma,
Fig. 2 Lymph node involvement by angioimmunoblastic
T-cell lymphoma pattern III showing numerous branching
vessels and a diffuse lymphoproliferation

Angioimmunoblastic T-Cell Lymphoma, Fig. 3 At
high magnification, angioimmunoblastic T-cell lymphoma
comprises a polymorphous lymphoproliferation compris-
ing small to medium atypical lymphoid cells (white
arrows), large blastic cells (black arrows), plasma cells,
and eosinophils
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(AITL with depleted follicles), and pattern III
(AITL without follicles, as described above), the
latter being the most frequently encountered
(Attygalle et al. 2014).

In pattern I (AITL with hyperplastic follicles)
(Fig. 5), the lymph node has a partially preserved

architecture and contains hyperplastic follicles
with poorly developed mantles, merging into the
paracortex expanded by a polymorphous infiltrate
comprising often inconspicuous neoplastic cells,
which tend to distribute around the follicles.

In pattern II (AITL with depleted follicles),
occasional depleted follicles are present.

In contrast with pattern III, FDCs are normal or
only minimally increased in patterns I and
II. Patterns I to III have been documented in
consecutive biopsies and are thought to represent
progressive stages of the disease and to reflect
morphologic evolution rather than clinical pro-
gression, as patients with pattern I usually show
advanced-stage disease.

Morphologic Variants According to Cell
Content
In some cases, the neoplastic cells are small lym-
phocytes with minimal atypia. The clear cell-rich
variant of AITL designates a subset of cases com-
prising an overt lymphomatous proliferation of
sheets of “clear” neoplastic cells. The epithelioid
variant of AITL is characterized by a high content

Angioimmunoblastic T-Cell Lymphoma,
Fig. 5 Angioimmunoblastic T-cell lymphoma, pattern I:
a reactive germinal center is surrounded by a cuff of

atypical lymphoid cells with clear cytoplasm that posi-
tively stain for CD10

Angioimmunoblastic T-Cell Lymphoma,
Fig. 4 Numerous pale oval nuclei in a perivascular distri-
bution are indicative of a prominent proliferation of follic-
ular dendritic cells in this case of angioimmunoblastic
T-cell lymphoma
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of epithelioid cells in small, poorly defined clus-
ters (Fig. 6).

A subset of AITL contain a high proportion of
large B-cell blasts (>25%) (B-cell-rich AITL),
which are usually but not always infected by
EBV. In some cases, the proliferation of EBV-
positive B-cell blasts may be so prominent to
form diffuse confluent sheets; in these cases, a
diagnosis of EBV-positive lymphoproliferation or
EBV-positive diffuse large B-cell lymphoma may
be rendered. This complication occurs most com-
monly during the evolution of the disease, but more
rarely can be the presenting histologic picture.
EBV-negative large B-cell lymphoma or plasma
cell proliferations can also occur occasionally.

Bone Marrow
Bone marrow involvement is often subtle,
appearing as small single or multiple nodular or
interstitial foci of infiltration in a paratrabecular or
non-paratrabecular distribution. The infiltrates
have a mixed composition of T and B cells,
including atypical clear cells, and are associated

with blood vessel proliferation. Massive tumor
replacement of hematopoietic tissues is
exceptional.

In addition, secondary reactive marrow
changes (polyclonal plasmacytosis, erythroid
hyperplasia, eosinophilia, myelofibrosis, or
hematophagocytosis) are frequently observed.
They may obscure the lymphomatous foci and
be misdiagnosed as other proliferative or reactive
hematopoietic conditions.

Extranodal Involvement
Different histopathologic aspects can be seen in
skin biopsies, ranging from subtle nonspecific
mild perivascular lymphocytic infiltrate to,
more rarely, an overtly lymphomatous infiltra-
tion. In most instances, eosinophils, vascular
hyperplasia, and large immunoblasts are not
obvious. EBV-positive cells are rarely demon-
strated. A florid epithelioid or granulomatous
reaction has been described in occasional cases,
which may mimic sarcoidosis or an infectious
process.

Angioimmunoblastic T-Cell Lymphoma, Fig. 6 Morphologic variants of angioimmunoblastic T-cell lymphoma:
(a) small cell variant; (b) clear cell-rich variant; (c) epithelioid cell-rich variant
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The distribution of the atypical lymphoid infil-
trates in other organs is less well characterized.
Tonsillar involvement may be subtle with preser-
vation of reactive follicles and may be difficult to
demonstrate. Splenic involvement occurs in the
form of nodules in the white and/or the red pulp.
Not all symptomatic manifestations may result
from direct tumor infiltration; for example, effu-
sions are usually nonneoplastic in nature, and
their cause is poorly understood.

Relapses
In general, successive biopsies harvested at
relapses tend to show a stable histologic picture
or, more rarely, a progression in histologic pattern.
Transformation into a T-cell lymphoma with a high
content of large pleomorphic neoplastic T cells
resembling PTCL, not otherwise specified (PTCL,
NOS), is rare and does not seem to impact outcome.
Conversely, features of “high-grade” lymphoma
are usually represented by a secondary B-cell pro-
liferation. The incidence of this complication is
poorly documented, and in fact how to place the
border between AITL rich in B-cell blasts and
AITL with superimposed B-cell lymphoma is not
established. Interestingly, whereas an increased
large B-cell component does not seem to impact
the clinical outcome, the prognosis following the
occurrence of overt diffuse large B-cell lymphoma
or an EBV-positive lymphoproliferation is quite
variable. From a therapeutic standpoint, in these
circumstances, the administration of rituximab
might be recommended.

Immunophenotype

In the typical type III pattern, the disturbed archi-
tecture is highlighted by immunostains for follic-
ular dendritic cell, B-cell, and T-cell markers
(Fig. 7). The neoplastic cells (Fig. 8) are mature
ab CD4+ CD8� T cells that frequently show
aberrant loss or reduced expression of CD7, sur-
face CD3, and/or CD4 and may show partial
CD30 expression in up to one third of the cases.
Aberrant coexpression of CD20 is also reported.
Expression of CD10 by the neoplastic cells is
observed in around 80% of the cases, but is
often heterogeneous. AITL tumor cells express

several markers of follicular helper T cells (TFH):
CXCL13, CXCR5, CD154, programmed cell
death-1 (PD-1) (a member of the CD28
costimulatory receptor family resulting in nega-
tive regulation of T-cell activity), inducible
costimulator (ICOS) (a CD28 homologue with
costimulatory function in T-cell activation and
expansion), and cytoplasmic SAP (SLAM-
associated protein). Expression of BCL6, a tran-
scription factor characteristic of the TFH subset of
CD4+ cells, is another phenotypic marker of
AITL tumor cells. On tissue sections, the distri-
bution and intensity of the immunostainings
observed for the different TFH markers tend to
correlate and, similar to CD10, to show a relation-
ship to the FDC meshwork. For diagnostic pur-
poses, CXCL13, PD1, ICOS, and BCL6 currently
represent the most useful and robust immunohis-
tochemical TFH markers.

Molecular Features

TR and IG Clonality Tests
Using sensitive PCR techniques, the detection of
monoclonal or oligoclonal rearrangement of the
T-cell receptor (TR) genes is found in the vast
majority of cases (95% in the series reported by
the BIOMED-2 consortium using multiplex strat-
egies targeting the b, g, and d TR loci). In one
recent study, sequence analysis of the rearranged
TRB genes showed overrepresentation of the
BV17S1 family compared to the use of other Vb
segments.

In addition to TR rearrangement, a clonal or
oligoclonal rearrangement of the immunoglobulin
(IG) gene(s) is also found in up to one third of
patients. B-cell clonality tends to be evidenced in
cases comprising increased numbers of B-cell
blasts. Intriguingly, most EBV-infected B cells
show ongoing mutational activity while carrying
hypermutated IG genes with destructive muta-
tions, suggesting that in AITL alternative path-
ways operate to allow the survival of these
mutating “forbidden” (Ig-deficient) B cells.

Gene Expression Signature
At the gene expression level, the molecular profile
of AITL is dominated by a strong
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microenvironment imprint, including over-
expression of B-cell- and FDC-related genes,
chemokines and chemokine receptors, and genes
related to extracellular matrix and vascular biol-
ogy. The signature contributed by the neoplastic
cells, albeit quantitatively minor, is enriched in
genes normally expressed by TFH cells. This dem-
onstration of molecular similarities between AITL
tumor cells and TFH cells at a genome-wide level
definitively established the cellular derivation of
AITL from TFH cells, initially suspected on the
basis of expression of single TFH markers in AITL
tumor cells, in particular the CXCL13 chemokine.

Genetic and Molecular Alterations
By conventional cytogenetic analysis, detection
of clonal aberrations – most commonly trisomies

of chromosomes 3, 5, and 21, gain of X, and loss
of 6q – has been reported in up to 90% of the
cases.

The mutational landscape of AITL encom-
passes recurrent mutations in TET2, IDH2,
and DNMT3A, which are involved in the regula-
tion of DNA +/� histone methylation/
hydroxymethylation. They are mutated in about
80%, 30%, and 25% of the cases, respectively.
Mutations in TET2 and DNMT3A are mono- or
biallelic and inactivating, while virtually all IDH2
mutations are gain-of-function missense muta-
tions at R172 residue, inducing the production of
an oncometabolite (2-hydroxyglutarate) which
inhibits TET2 and other deoxygenases.

Hotspot somatic RHOA mutations encoding a
p.Gly17Val occur in 50–70% of AITL (Palomero

Angioimmunoblastic T-Cell Lymphoma,
Fig. 7 Immunoarchitecture of angioimmunoblastic
T-cell lymphoma, pattern III. CD21 highlights a diffuse
proliferation of follicular dendritic cells. CD20 shows
aggregates of B cells at the periphery of the lymph node

and scattered large blastic cells. The majority of the cells in
the lymph node are T cells positive for CD3, including
atypical elements. The T cells comprise a majority of
CD4+ cells (including the neoplastic cells) but also a
significant component of CD8+ cells
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et al. 2014). RHOA encodes a small GTPase that
regulates a variety of biological processes by reg-
ulating the actin cytoskeleton and cell adhesion.
Mechanistically, the Gly17Val RHOA mutant
does not bind GTP and inhibits wild-type RHOA
function. This RHOA mutant also has the ability
to bind to and activate VAV1 and subsequent
T-cell receptor (TCR) signaling. Virtually all
RHOA mutations occur in TET2-mutated cases,
suggesting that the cooperation between impaired
RHOA function and preceding TET2 loss of func-
tion contributes to AITL pathogenesis.

In addition to epigenetic modifiers and RHOA
mutations, activation of genes related to TCR
signaling and costimulatory pathways is present
in about half of the cases, affecting various genes,
most commonly CD28, PLCG1, FYN, VAV1,
CARD11, and others.

RNA fusions involving CD28 and ICOS
(or less commonly CTLA4) are found in 6–7% of
AITL, mutually exclusive to CD28 mutations.

Differential Diagnosis

The differential diagnosis of AITL encompasses
several reactive conditions and lymphoma
entities.

AITL Versus Reactive Hyperplasia
The distinction between early involvement by
AITL and reactive T-zone hyperplasia (in viral
infections or dysimmune conditions) may be dif-
ficult. The presence of atypical clear cells positive
for CD10 and/or TFH markers, minimal FDC
expansion, and clonal TR (and IG) gene

Angioimmunoblastic T-Cell Lymphoma,
Fig. 8 Immunophenotypical characterization of the neo-
plastic cells in angioimmunoblastic T-cell lymphoma. The
neoplastic cells are positive for one or several pan-T-cell
antigens (shown here CD3) and may show aberrant loss of
one or more of these (here CD7 negative). The neoplastic

cells stain for one or several markers of TFH differentiation,
such as PD1 and CXCL13. In this case, the T cells aber-
rantly coexpressed CD20 and were partly positive for
CD30 (also strongly positive on the large B-cell blasts,
arrow)

Angioimmunoblastic T-Cell Lymphoma 47

A



rearrangements are criteria favoring AITL. Rim-
ming of the germinal centers by atypical cells with
intense expression of CD10 and TFH markers is
particularly helpful in distinguishing AITL pat-
tern I from reactive follicular and paracortical
hyperplasia.

Reactive lymphadenitis due to EBV comprises
paracortical expansion and EBV-positive B cells,
but the majority of T cells are CD8+ and
polyclonal.

There is some overlap between the pattern II of
AITL and Castleman’s disease, but the expansion
of the mantle zones seen in the latter is absent in
the regressed follicles of AITL.

The epithelioid variant of AITL can suggest a
granulomatous disease, but identification of atyp-
ical neoplastic T cells is the clue to the correct
diagnosis.

AITL Versus Hodgkin Lymphoma
The B blasts in AITL are often EBV positive and
CD30 positive and may show Reed–Sternberg-
like morphology and even partial CD15 expres-
sion in some cases, which is a source of confusion
with classical Hodgkin lymphoma (cHL). How-
ever, in cHL, prominent arborizing venules and
FDC expansion are absent, and the T cells, which
are reactive in nature, lack atypia and are
polyclonal.

AITL Versus T–Cell–/Histiocyte–Rich Large
B–Cell Lymphoma
The presence of scattered large B cells in a back-
ground of T cells and histiocytes is a feature
common to AITL, especially the epithelioid vari-
ant, and T-cell-/histiocyte-rich large B-cell lym-
phoma; however, in the latter, the neoplastic
B cells are EBV negative, while the T cells lack
atypia and are polyclonal.

AITL Versus Peripheral T-Cell Lymphoma,
Not Otherwise Specified (PTCL, NOS),
and Versus Other Nodal Lymphomas
of T Follicular Helper (TFH)-Cell Origin
The diagnosis of PTCL, NOS is an exclusion
diagnosis requiring that the neoplastic cells do
not express TFH immunophenotype (defined as

the expression of 2 or more TFH markers). The
WHO classification recognizes two other forms
of nodal lymphomas of TFH-cell origin, namely
nodal PTCL with TFH phenotype and
follicular PTCL.

Nodal PTCL with TFH phenotype, also
referred to as PTCL, NOS with TFH-like fea-
tures in several publications (Fig. 9), has in
common the mutational landscape of AITL
(Dobay et al. 2017). It remains to be defined
which criteria should be used to define the
borders of AITL entity. In that respect, whether
clinical and/or laboratory features should be
taken into account in borderline cases requires
further investigation (Gaulard and de Leval
2014).

Follicular PTCL (F-PTCL) is a rare and pecu-
liar form of PTCL, whose designation refers to a
pattern of growth intimately related to follicular
structures. It comprises cases with a truly follicu-
lar pattern, mimicking follicular lymphoma, and
cases resembling progressive transformation of
germinal centers (Fig. 10).

In common with AITL, F-PTCL is composed
of CD4+ CD10+ T cells expressing an extensive
TFH immunophenotype (BCL6+ CXCL13+
PD1+ ICOS+) and variably contains neoplastic
clear cells and/or EBV-positive blasts. In addi-
tion, F-PTCL may present biological and clini-
copathological features overlapping with those
of AITL, therefore questioning its relationship
to AITL, inasmuch as patients with F-PTCL
may present with recurrent lesions as AITL and
vice versa. A chromosomal translocation t(5;9)
(q33;q22) involving ITK and SYK tyrosine
kinases is found in about 20% of F-PTCL and
is rare in AITL. ITK-SYK has transforming
properties in vitro and induces a T-cell
lymphoproliferative disease in mice through a
signal that mimics TCR activation.

Extranodal Involvement by AITL
The identification of AITL in extranodal local-
izations may be difficult because of the scarcity
of neoplastic cells, especially in the absence of
established diagnosis. Immunohistochemistry
for CD10 and TFH markers is helpful to identify
the neoplastic elements, and molecular genetic
studies may demonstrate clonal TR

48 Angioimmunoblastic T-Cell Lymphoma



rearrangement. In the bone marrow and skin
infiltrates, CXCL13 may be more useful than
CD10 which also stains the stroma and may be
difficult to interpret. However, TFH markers are
not entirely specific for AITL. Indeed, a BCL6+
PD1+ CXCL13+ immunophenotype has also
been reported in primary cutaneous CD4+
small-/medium-sized T-cell lymphoproliferative
disorder.
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Synonyms

Bone marrow failure

Definition and Etiology

Aplastic anemia (AA) is defined as at least
bicytopenia (two of the following: granulocytes
<0.5 � 109/l; platelets <20 � 109/l; corrected
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reticulocyte count<20� 109/l) in the background
of either markedly (<25% of age-adjusted cellu-
larity) or moderately hypoplastic (25–50% of age-
adjusted cellularity with <30% of cells being
hematopoietic cells) bone marrow as assessed on
a biopsy (Fig. 1a–c). Thus, for the diagnosis of
AA, both features of bi-/pan-cytopenia in the
peripheral blood and hypoplasia of the bone mar-
row have to be fulfilled. Major dysplasia of the
hematopoietic cells, tumor infiltrates, or increased
fibrosis must be absent. AA can be graded
according to the criteria established by Camitta
et al., and very severe AA is defined by a neutro-
phil count <0.2 � 109/L.

Etiopathogenetically, AA can be divided
into primary (hereditary) and secondary
(acquired) forms.

HereditaryAA is seen in primary hematologic
diseases such as Fanconi anemia, dyskeratosis
congenita, or familiar AA. In Fanconi anemia,
there is increased chromosomal structural instabil-
ity, which leads to excessive apoptosis and
malfunctioning of the hematopoietic stem cells
with resulting bone marrow failure. Furthermore,
such patients are at a high risk of developing
other types of cancer, especially carcinomas. In
dyskeratosis congenita, a decreased function of
telomerases is observed, which leads to progressive

Aplastic Anemia, Fig. 1 (a) Bone marrow biopsy find-
ings in aplastic anemia; Giemsa stain, 200x. (b) Isolated
plasma cells, mast cells, and hemosiderophages in a
follow-up bone marrow biopsy of an aplastic anemia

patient; Giemsa stain, 200x. (c) Erythropoietic “hot spot”
in aplastic anemia bone marrow; HE stain, 200x. Insert:
E-cadherin positivity of an erythropoietic “hot spot”;
immunoperoxidase stain, 360x
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shortening of telomeres and subsequent reduction
of the proliferative capacity of cells. Several muta-
tions of different genes, which are inherited in
autosomal dominant, autosomal recessive as well
as X-linked manner, are described. Besides the
classical cutaneous stigmata, patients present with
bone marrow failure, pulmonary fibrosis, and dif-
ferent types of cancer.

There are also primarily non-hematological
disorders, in which a higher frequency of AA
is seen: Down syndrome, Dubowitz disease or
Seckel disease. There are several other congenital
syndromes, which are associated with single-
lineage cytopenias such as Diamond-Blackfan
anemia, Shwachman-Diamond syndrome, severe
congenital neutropenia, Kostmann syndrome,
thrombocytopenia with absent radii, or congenital
amegakaryocytic thrombocytopenia, which are
beyond the scope of this review.

Acquired AA is induced by a large variety
of drugs and chemicals as well as viral infec-
tions. Several chemotherapeutics (the most
common being cisplatin, docetaxel, paclitaxel,
topotecan, 5-fluorouracil, and vinorelbine) are
known to induce AA, primarily due to inhibi-
tion of the mitotic activity. With these drugs,
there is often a clear dose-dependent relation
regarding the extent of pancytopenia. In other
drugs, such as certain antibiotics, nonsteroidal
antiphlogistics (NSAR), or antiepileptic drugs,
there is often an idiosyncratic, not dose-
dependent development of AA. This seems to
be due to an altered drug metabolism linked to
enzymogenetic peculiarities of the affected
patients, particularly of detoxifying enzymes,
myeloperoxidase (which can metabolize certain
chemical drug compounds), and cytochrome
p450. A chemical substance that is well
known to induce AA is benzene. Furthermore,
insecticides or pesticides can be causative
agents of AA. Localized AA is a well-known
side effect of irradiation therapy, and total
body irradiation, which is used especially for
allogeneic hematopoietic stem cell transplanta-
tion (HSCT) conditioning to eradicate the
host’s bone marrow in order to ensure

engraftment of the donor’s stem cells, results
in generalized bone marrow aplasia.

Paroxysmal nocturnal hemoglobinuria (PNH)
is another potential cause of AA with 5–10%
of PNH patients developing AA in the course
of time. Here, pathogenesis is believed to evolve
through the development of abnormal T-cell
repertoires against a clonal hematopoietic popula-
tion, which leads to an (autoimmune-like)
destruction of the respective cells. It could also
be demonstrated that in many patients treated
successfully for AA, a PNH clone can develop
years later.

AA can also develop in the aftermath of viral
infections, the most common virus being parvo-
virus B19 (Fig. 2a). AA is also seen in rare cases
of Epstein-Barr virus (EBV) infection or human
immunodeficiency virus (HIV) as well as in cases
of viral hepatitis.

AA can also occur as a paraneoplastic event,
especially related to lymphoid neoplasms. AA
has been reported to occur simultaneously with
T-cell large granular lymphocyte leukemia
(T-LGL) (Fig. 2b). The underlying mechanism
is believed to be immune-mediated due to tumor-
necrosis-factor alpha and interferon gamma sig-
naling induced by the T-LGL. AA has also been
reported in patients with chronic lymphocytic
leukemia (here the pathogenesis of AA is either
attributed to autoimmune-phenomena induced
by the lymphoma or to chemotherapeutic agents
applied for lymphoma treatment) and other,
so-called low-grade B-cell lymphomas (Fig. 2c)
as well as in rare cases of classical Hodgkin
lymphoma. The co-occurrence of AAwith indo-
lent B-cell lymphomas has been discussed to be a
form of “host versus lymphoma” reaction, in
which AA occurs as a “bystander” due to an
activated and partially “autoaggressive” immune
system.

In up to 50% of cases, no cause can be identi-
fied and in absence of any known etiology, these
AA are classified as idiopathic. Such cases can be
seen as autoimmune diseases, a T-cell mediated,
organ-specific eradication of the immature hema-
topoietic precursor cells.
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Clinical Features

• Incidence
AA is rare with an incidence of 2/1,000,000
persons/year in Europe and North America;
in Eastern Asia, the incidence is up to three
times higher. In Western countries, this differ-
ence remains between people with Asian
and Caucasian ethnicity, thus rather ruling out
occupational factors or virus-related
AA. Potential causes of this striking difference
are both discrepancies in HLA types as well as
polymorphisms in genes involved in cytokine

production such as tumor necrosis factor alpha
and interferon gamma and in genes encoding
detoxifying enzymes such as glutathione
S-transferase M1 and glutathione S-transferase
T1, myeloperoxidase, and cytochrome p450.

• Age
There are two incidence peaks, one between
10 and 30 and the second one in patients older
than 60 years.

• Sex
Both genders are equally affected.

• Site
Bone marrow

Aplastic Anemia, Fig. 2 (a) Characteristic nuclear-
inclusion-erythroblast of parvovirus B19 infection; HE
stain, 360x. Insert: parvovirus B19 antigen positivity;
immunoperoxidase stain, 360x. (b) Sinus-associated bone
marrow infiltration by CD57+ T-large granular lympho-
cytic leukemia; immunoperoxidase stain, 200x. (c) Tiny
bone marrow infiltration by CD20+ hairy cell leukemia;

immunoperoxidase stain, 200x. (d) Hypoplastic
myelodysplastic syndrome mimicking aplastic anemia;
note atypia of the roundish erythroid precursors, scattered
blasts, and presence of a dysplastic monolobated megakar-
yocyte; HE stain, 200x. Insert: unequivocal increase of
CD34+ blasts; immunoperoxidase stain, 200x
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• Treatment
Severe, non-self-limiting acquired AA war-
rants active treatment; spontaneous remission
of AA is very rare. In cases with a drug- or
chemical-related etiology, immediate exposure
discontinuation is the initial therapeutic step. If
cell counts do not improve, further steps must
be considered.

AA patients do not respond well to treat-
ment with hematopoietic growth factors,
androgens, or glucocorticoids alone. Extensive
glucocorticoid treatment might in fact lead to
severe side effects such as infections, which
might hamper the further therapy approaches
without curing the patient. Cyclophosphamide
treatment is related to prolonged neutropenia
and a high rate of potentially lethal fungal
infections and thus no longer recommended.

The mainstay of therapy is potent immuno-
suppression using anti-thymocyte globulin
(ATG) and cyclosporine. Remission rates of
up to 60–70% in young adults can be achieved;
however, there is a high relapse probability
when withdrawing immunosuppression.

Further curative treatment option is
allogeneic HSCT. Timely HLA typization is
recommended in each young AA patient.
In congenital AA due to the genetic defects
alluded to above, HSCT is the primary thera-
peutic option. In acquired AA – due to its
mainly autoimmune disease character –
HSCT of a syngeneic (identical twin) donor
is not curative.

As most AA patients are in immediate need
of therapy and respectively matching donors
are not readily available in most instances,
immunosuppression is still the primary treat-
ment option. Longtime survival rates are com-
parable between both approaches. However, it
has to be considered, as already implied above,
that HSCT is a potentially curative therapeutic
option, whereas patients treated with immuno-
suppression alone are at risk of relapse after
therapy withdrawal and at higher risks of
developing malignancies. In elderly patients,
immunosuppression is the first choice of ther-
apy, yet severe neutropenia is a strong argu-
ment for proceeding to allogeneic HSCT.

Besides, supportive therapy is very impor-
tant for the treatment of AA patients. Such
patients have a high risk of infections due to
their neutropenia. Therefore infections warrant
immediate extensive antibiosis. Importantly,
apart from bacterial infections, candidiasis
and aspergillosis are also common complica-
tions, which have to be considered. Transfu-
sions of both erythrocytes and platelets are also
part of the supportive therapy. Menstruation
should be interrupted using oral contraceptives
or FSH/LH antagonists. NSAR should be
avoided as they might impair platelet function
and can be the cause of AA themselves.

• Outcome
Untreated, severe AA leads to rapid deteriora-
tion and death. The treatment options men-
tioned above lead to durable remission rates
in the majority of patients. If AA is drug
induced, strict and constant avoidance of the
causative agent is mandatory.

Prognosis and outcome also depend on the
extent of cytopenia with patients with an abso-
lute reticulocyte count <25 � 109/L and abso-
lute lymphocyte count <1 � 109/L having an
inferior outcome with 41% response rates to
immunosuppressive therapy and only 53%
5-year overall survival rates. Furthermore, the
presence of a PNH clone has a good impact on
prognosis.

In patients treated with allogeneic HSCT,
there is a relatively high risk for posttransplant
lymphoproliferative diseases (PTLD) occurring
in the first year after engraftment with a preva-
lence of up to 5%, the overall risk for develop-
ing a PTLD in other conditions treated with
HSCT being <1%. The reason for this striking
difference might be due to the high levels of
potent immunosuppression AA patients receive
before transplantation, which already additively
cumulates to the highly immunosuppressed
state per se of the patients suffering from AA,
and thus facilitating the development of malig-
nant lymphoid clones, especially in the context
of EBV infection/reactivation. Furthermore, the
type of ATG (higher risk for equine vs. rabbit-
derived ATG) is also important regarding the
development of PTLD.
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Up to 15% of AA patients develop
myelodysplastic syndrome (MDS) or acute
myelogenous leukemia (AML), the timespan
varying between months and several years.
This has been termed “clonal evolution”
related to the presence of clonal hematopoiesis
and the presence of MDS/AML-specific muta-
tions in AA patients. A particular diagnostic
pitfall that has to be considered is therapy-
induced (especially sirolimus) megakaryocytic
abnormalities that may raise suspicion of
evolving MDS.

Due to the risk of disease recurrence,
which needs immediate treatment, as well as
the high risk of secondary malignancies, a
long-term follow-up of AA patients is
mandatory.

Macroscopy

The overall impression of the bone marrow is
yellowish, devoid of hematopoiesis.

Microscopy

The hallmark finding in the bone marrow histol-
ogy is a marked hypocellularity (Fig. 1a) as
detailed in the definition of AA. In many cases,
the majority of detectable cells are constituted
of macrophages, lymphocytes, mast cells, and
plasma cells (Fig. 1b). Adipocytes predominate
in the bone marrow spaces, and there are only
scattered remnants of hematopoietic cells, espe-
cially so-called erythroid islets or hot spots
(Fig. 1c). Dysplasia is not a feature of AA
and should warrant further investigations for
MDS/AML (Fig. 2d). However, in some cases,
mild to moderate genuine dyserythropoiesis is
seen. Furthermore, previous drug treatment
itself and viral infection can be the cause of
dyserythropoiesis. Here, immunohistochemical
stains might be helpful to identify residual hema-
topoietic cells (see the section below) and exclude
an increase of blasts. An increase in reticulin
fibers or a change in the bony architecture is
normally not seen and might suggest another
underlying disease (e.g., renal insufficiency).

It is important to highlight the fact that
the biopsy must be representative for the bone
marrow, thus being at least 20 mm long and
comprising at least ten well-preserved and
evaluable non-subcortical bone marrow spaces.
Special caution in diagnosis has to be taken
when there is suspicion of a tangential biopsy
as the subcortical bone marrow spaces are
known to be constitutionally hypocellular in
comparison to the deeper spaces. Such a suspi-
cion should arise if the biopsy contains a lot of
hyaline cartilage, cortical bone, or abundance of
soft tissue.

In the bone marrow aspirate and in the periph-
eral blood smear, there is also a marked paucity of
cells. In the aspirate, stromal cells, macrophages,
mast cells, and lymphocytes predominate.

Immunophenotype

Immunohistochemical stainings for all three cell
lines [myelopoiesis: myeloperoxidase or CD15;
erythropoiesis: glycophorin or E-cadherin
(Fig. 1c insert); megakaryopoiesis: CD42b or
CD61] are helpful to identify remnant hematopoi-
esis and dysplasia of erythropoiesis or mega-
karyopoiesis. CD34 (or other blast markers such
as TdT) must be stained to exclude blasts as seen
in hypocellular (or aleukemic) acute leukemias or
in hypocellular MDS (Fig. 2d insert). Characteri-
zation of lymphocytes with B- and T-cell markers
(Fig. 2b, c) as well as testing light chain restriction
of plasma cells is warranted in some cases with
suspicion or a known history of lymphoma or
plasma cell disorders.

Molecular Features

AA does not have specific unifying molecular
features. In hereditary genetic cases, germline
mutations related to the underlying syndromes
are present. Mutational analysis might be occa-
sionally important to rule out differential diagno-
ses such as forms of MDS or AML, yet mutations
should be carefully interpreted in the context of
morphology, flow data, and cytogenetics and vice
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versa (see below). Looking for a PNH clone is
mandatory in the work-up of AA.

Cytogenetic abnormalities are found in 4–11%
of AA patients. Most of them include numerical
abnormalities similar to those seen in myeloid
neoplasms such as +8, �7, and del(5q). +6 and
+15 are found in AA but are rare in MDS.

Somatic mutations in AA vary considerably
between different studies; the largest study so far
consisting of 439 patients reported mutations in
myeloid neoplasm-related genes in a third of
patients. The most commonly affected genes are
PIGA, BCOR/BCORL1, DNMT3A, and ASXL1.
The first two genes are considerably more com-
monly mutated in AA compared to myeloid neo-
plasms. In contrast, mutations in TET2, TP53, and
RUNX1 as well as several cohesion- and splicing
factors are much rarer in AA than in MDS/AML.
The mutational burden in general has not been
shown to have an impact on treatment response
or survival, while specific mutations may play
a negative (DNMT3A, ASXL1, TP53, RUNX1,
and CSMD1) or positive prognostic role (PIGA
and BCOR/BCORL1). Mutations of PIGA and
BCOR/BCORL1 as well as alterations of chromo-
some 6, which is the site of the MHC loci, have
a functional relevance linked to immune escape.
PIGA encodes a protein required for the
synthetization of N-acetylglucosaminyl phosphati-
dylinositol, which is part of the glycosylphospha-
tidylinositol (GPI) anchor system. PIGAmutations
provide the link to PNH. GPI anchors are respon-
sible for affixing glycoproteins on the cell
surface, which is important for recognition of
cells by the immune system and intercellular sig-
naling. BCOR (BCL6 corepressor) and BCORL1
(BCOR ligand 1) act as repressive epigenetic mod-
ifiers, yet so far their functional role in AA has not
been fully elucidated. Particularly elderly AA
patients with BCOR/BCORL1 mutations seem to
have a better prognosis. It is supposed that due to
insufficient presentation to T-cells, clones bearing
the abovementioned mutations might not be
destroyed by autoreactive T-cells, thus having a
survival advantage compared to other hematopoi-
etic stem cells during the phase of immune system-
mediated attack. As these mutations do not yet
provide a growth advantage, after successful

therapy, the respective mutant clones do not further
expand.

Clonal hematopoiesis is reported to be found in
up to 47% of AA patients, which is higher than in
the age-matched general population (see below).
In most cases, the size of these clones remains
stable for many years, including those with proto-
typical genetic MDS/AML changes. Clonal
hematopoiesis is present in the general healthy
population with increasing incidence related to
age (<0.5% in younger people and up to 3% in
the elderly). In both AA patients and the general
population, age-related cytosine to thymidine
transitions prevail in clonal hematopoiesis. In
AA patients, this type of mutations is clearly
related to a higher risk of developing MDS/AML.
It is postulated that these mutations provide a
survival advantage, which fosters their prevalence
in the setting of AA, where many other
(nonmutant) hematopoietic precursors are
destroyed by the autoimmune T-cells. Further-
more, especially after immunosuppressive ther-
apy, again the mutant clones might have a
proliferative advantage compared to
the remaining hematopoietic stem cells. Despite
this clear correlation and as discussed above,
not all mutations commonly found in the gen-
eral population are also represented in higher
frequency in AA patients: besides some
MDS/AML typical mutations, particularly muta-
tions of the GPI anchor system, immunoregula-
tory and intercellular signaling genes, PIGA and
BCOR/BCORL1 are common findings in AA in
contrast to MDS/AML.

Human leukocyte antigen (HLA)-variants also
play an important role in the susceptibility to
acquired AA as well as might have a predictive
role. The MHC class II DRB1 antigen DR15
(alleles *1501 and *1502) is preferentially
expressed in patients with severe AA. Allele
*1501 is associated with PNH, allele *1502 is
overrepresented in elderly AA patients. Expres-
sion of these HLA-DR15 alleles might be a pre-
dictor of therapy response to immunosuppressive
treatment and is associated with lower GvHD
rates and lower graft failure rates, yet it does not
seem to have an impact on overall survival. The
beneficial role of these HLA-DR15 alleles is
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explained by their role in antigen presentation to
immune cells. Furthermore, a potential auto-
antigen (diazepam-binding inhibitor-related pro-
tein 1), related to AA pathogenesis due to its
activation of cytotoxic T-cells, is also presented
by HLA-DR15, which might be a mechanistic
clue for HLA-DR15-expressors having a higher
risk for AA.

Differential Diagnosis

AA is a diagnosis of exclusion with several other
entities to be thoroughly ruled out. This is espe-
cially important in elderly patients. Several hema-
tological diseases can primarily present with a
hypocellular bone marrow, and careful evaluation
of the few cells present is needed. Furthermore,
correlation of the bone marrow histology findings,
the bone marrow aspirate and the peripheral blood
smear together with the clinical, anamnestic, and
serological parameters is required for an integra-
tive diagnosis.

MDS and some rare forms of AML might
present in a markedly hypocellular bone marrow
(Fig. 2d). Hypoplastic MDS is present in 10–15%
of adult cases and more prominent in children.
Besides the morphological evaluation for imma-
ture cells and dysplasia, immunohistochemical
stains for blasts such as CD34 and/or TdT are
very helpful; in the case of TdT, the differential
diagnosis of hematogone increase must always be
taken into consideration. If there is a suspicion of
MDS or AML/ALL, cytogenetics and mutational
analysis are very useful. Importantly, hypoplastic
MDS also shows a good response to immunosup-
pression, thus fostering a link between MDS and
AA in some cases.

A lymphoid neoplasm that has to be consid-
ered in the differential diagnosis of AA is hairy
cell leukemia (HCL). In most cases of HCL, a
hypercellular bone marrow with extensive lym-
phoid infiltrates is seen, which might also com-
promise residual hematopoiesis. However, from
own experience and from few reports in the lit-
erature, there are occasionally HCL cases

presenting with a more or less marked bone mar-
row hypocellularity (Fig. 2c). Here, immunohis-
tochemistry (expression of CD20, BRAF
V600E, CD103, CD123, CD25, DBA44, cyclin
D1, TRAP, CD11c, and annexin A1) is manda-
tory to confirm HCL involvement. Furthermore,
flow cytometry studies and the detection of HCL
cells in the peripheral blood help to confirm the
diagnosis.

AA’s association with T-LGL has been men-
tioned afore. In this context, thorough characteri-
zation of the lymphoid cells is mandatory. T-LGL
cells are positive for CD3 and CD8. They often
show (up to 80%) a characteristic linear/sinus-
associated bone marrow spread and loss of CD5
and/or CD7, yet loss of CD2 is rare. Furthermore,
T-LGL cells show aberrant expression of CD16
and CD57 (Fig. 2b). As always, correlation of the
histologic findings with those of the flow
cytometry analysis as well as the bone marrow
aspirate is mandatory. As mentioned before, AA
can be also associated with other B-cell lympho-
mas, most often chronic lymphocytic B-cell leu-
kemia or lymphoplasmacytic lymphoma.
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Synonyms

B-cell chronic lymphocytic leukemia/pro-
lymphocytic leukemia (REAL); Chronic lympho-
cytic leukemia of B-cell type (Kiel); CLL
(French-American-British group); CLL/SLL,
Malignant lymphoma, diffuse, well-differentiated
lymphocytic (Rappaport); Small lymphocytic
(consistent with CLL) (Working Formulation);
Small lymphocytic B, chronic lymphocytic leuke-
mia (Lukes-Collins)

Definition

Chronic lymphocytic leukaemia/small lympho-
cytic lymphoma (CLL/SLL) is a neoplasm of
clonal, mature small B-lymphocytes with
a frequent leukemic presentation. When lymph
nodes are involved in the absence of leukemic
disease, the designation of small lymphocytic
lymphoma (SLL) is used. In the absence of extra-
medullary tissue involvement, there must be�5.0
� 109/L abnormal B cells in the peripheral blood

to establish a diagnosis of chronic lymphocytic
leukemia (CLL). The International Workshop on
Chronic Lymphocytic Leukemia (IWCLL) allows
an exception in that a diagnosis of CLL can be
made in the setting of lower lymphocyte counts if
the patient has cytopenias resulting from their
disease.

CLL/SLL is the most common type of leu-
kemia in adults in Western populations. The
clinical course is heterogeneous, with some
patients surviving decades, while others experi-
ence a shorter survival and a faster pace of
disease. As such, there have been many studies
dedicated to identification of prognostic and
predictive biomarkers to better understand
which patients have high-risk disease and what
therapies might be best selected for certain dis-
ease characteristics.

Monoclonal B-cell lymphocytosis (MBL) will
not be discussed in extensive detail in this section
of the text, but briefly, it has specific diagnostic
criteria including documentation of a clonal B-cell
population and an absolute B-cell count less than
5� 109/L. Other features of a lymphoproliferative
disorder and/or autoimmune disease cannot be
present, such as B symptoms, lymphadenopathy,
and organomegaly. MBL can be subclassified as
having a CLL phenotype, an atypical CLL phe-
notype, or a non-CLL phenotype, but most data
exists for patients discovered to have a CLL-
phenotypeMBL. The incidence ofMBL increases
with age, and a rate of progression to CLL is
estimated to be 1–2 % per year.
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Rai and Binet are two clinical staging sys-
tems that exist to define disease extent and
estimate prognosis. Rai stages (0-IV) are
grouped into low, intermediate, and high risk
and progress from isolated lymphocytosis at
stage 0 to lymphocytosis + lymphadenopathy,
lymphocytosis + organomegaly, lymphocytosis
+ anemia, and finally lymphocytosis + throm-
bocytopenia, with decreasing median survival
with increasing stage. The Binet stages are A-
C and depend on number of node-bearing areas
and number of lineages affected by cytopenia.
Aside from clinical staging, biological and
genetic indicators of prognosis are important
considerations, and the integration of these fac-
tors into useful models continues to be
explored. This is discussed in more detail in
the sections below.

There is a strong genetic predisposition
for the development of CLL/SLL. The etiology
is not clearly identified, but there is a patho-
physiological basis in B-cell receptor signaling.
CLL cells have a restricted IGHV repertoire
and in some cases structurally identical or
“stereotyped” B-cell receptors. This suggests
that a B cell with distinct antigen specificity
could be responsible in promoting clonal
expansion.

Clinical Features

• Incidence
CLL/SLL is the most common leukemia in
Western populations, with an estimated
annual incidence of 4.1 per 100,000 person-
years in the United States based on Surveil-
lance, Epidemiology, and End Results
(SEER) data. The individual lifetime risk
is approximately 1 in 200 individuals.
Interestingly, monoclonal B-cell lymphocyto-
sis was detected with a fairly high prevalence
(approximately 7 %) in healthy blood
donors over age 45 in a Midwestern US
blood center, with most cases being low
count (median absolute B-cell count was
171/mL, range 14-2925/mL), and of CLL
phenotype.

• Age
The disease affects older adults with a median
age of 65 years, and the incidence increases
significantly over age 50. A small number of
adults are diagnosed in the fourth or fifth
decade. It is more common in whites than in
African Americans and is least common in
Asians.

• Sex
There is a male predominance, with a 1.4–2:1
male-to-female ratio.

• Site
Patients may be asymptomatic at presen-
tation or exhibit effects of cytopenias,
lymphadenopathy, or organ involvement.
The peripheral blood and bone marrow are
usually involved, and the spleen and liver
are typically infiltrated. Patients presenting
with SLL often have generalized lymph
node involvement and are found to have
stage III-IV disease. Peripheral blood
cytopenias may be due to immune-mediated
mechanisms related to the leukemic clone
or to bone marrow replacement by
a leukemic infiltrate. B symptoms are
uncommon.

• Treatment
Treatment options for CLL/SLL are highly
variable and depend on a number of factors
including age, number of high-risk features,
and constitutional symptoms. Some patients
tolerate a lengthy interval of watchful
waiting. The mainstay of therapy for many
years has been fludarabine-based combina-
tion chemotherapy regimens, such as
fludarabine-cyclophosphamide-rituximab
(FCR), particularly in younger physically fit
patients. Other newer first-line therapies
include ofatumumab (similar to rituximab)
and obinutuzumab (a humanized type 2
glycoengineered antibody against CD20) in
combination with chlorambucil.
Alemtuzumab is a humanized monoclonal
antibody against CD52 that has been studied
as first-line and salvage treatment in CLL/
SLL, and the benefit of a response must be
weighed against side effects including pro-
longed lymphopenia and a risk of
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opportunistic infections. Older patients with
comorbidities may tolerate bendamustine
with rituximab.

Patients with relapsed or refractory disease
have several treatment options in the form of
novel agents that have demonstrated success in
clinical trials, particularly targets of the B-cell
receptor signaling pathway. These include
ibrutinib, an inhibitor of Bruton’s tyrosine
kinase, which showed a high overall response
rate and less toxicity than other therapies in the
relapse/refractory setting. Other kinase inhibi-
tors that have been under investigation include
idelalisib (inhibits PI3Kd) and dasatinib (Lyn/
BTK). Several phase I trials are also underway
to evaluate venetoclax, a BH3 mimetic/small-
molecule inhibitor of Bcl-2.

• Outcome
CLL/SLL is an incurable disease with an indo-
lent, prolonged clinical course that may span
years to decades. Asymptomatic patients are
often observed during a “watch and wait”
period without treatment to determine the rate
of progression of their disease and to regularly
assess for development of symptoms. A major
focus has been to identify biomarkers that
influence the clinical and treatment course.
Approximately 5 % of cases transform into
a more aggressive lymphoma (Richter’s trans-
formation), in the form of diffuse large B-cell
lymphoma which may or may not be clonally
related to the underlying CLL/SLL. Transfor-
mation to a classical Hodgkin lymphoma is
more unusual but does occur.
A prolymphocytoid transformation is another
phenomenon associated with an accelerated
pace of disease, indicated by a progressive
increase in the proportion of prolymphocytes
in the blood or bone marrow.

Macroscopy

Lymph nodes are enlarged with a tan, fleshy
cut surface. The spleen displays a miliary
pattern of involvement composed of
millimeter-sized asymmetric nodules scattered
throughout.

Microscopy

The peripheral blood contains an absolute lym-
phocytosis composed of small to slightly enlarged
lymphocytes with dense, hyperchromatic chroma-
tin imparting a “cracked” appearance and a high
nuclear-to-cytoplasmic ratio. Frequent smudge
cells occur due to the fragility of CLL cells and
may be minimized by the use of albumin in the
preparation of the peripheral blood smear. Pro-
lymphocytes are usually less than 2–3 % of the
lymphocytes and are larger than prototypic CLL
cells, with slightly more open chromatin and
a prominent central nucleolus. Increased numbers
of prolymphocytes may be associated with
a poorer prognosis and indicate genetic alterations
such as trisomy 12 or an abnormality of TP53.
The French-American-British classification
referred to a CLL-prolymphocytic morphological
variant containing 10–55 % prolymphocytes
in a dimorphic pattern, but this is not a part
of the 2008 World Health Organization
classification (Fig. 1).

The bone marrow can show a range of histol-
ogies including interstitial, nodular, or diffuse
patterns of involvement. Occasionally prolifera-
tion centers are seen in the marrow core biopsy.
There is no definition for minimal bone marrow
involvement by CLL/SLL required to establish

B-Cell Chronic Lymphocytic Leukemia/Small Lym-
phocytic Lymphoma, Fig. 1 Peripheral blood smear of
chronic lymphocytic leukemia demonstrating an absolute
lymphocytosis. The lymphocytes are small with condensed
chromatin imparting a cracked appearance and scant cyto-
plasm (Wright stain, 1000x oil)
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a diagnosis in the absence of other defining
features, but the International Workshop on
Chronic Lymphocytic Leukemia states that
>30 % of CLL/SLL cells are characteristically
present.

In the spleen, the cells of CLL/SLL predomi-
nantly involve the white pulp but also infiltrate the
cords and sinuses of the red pulp. In cases with
increased numbers of prolymphocytes, spleno-
megaly can be massive.

Lymph nodes show complete effacement by
monomorphic small round lymphocytes in
a diffuse growth pattern or less commonly partial
involvement by an interfollicular infiltrate. Inva-
sion of the capsule and extension into extra-
capsular fat often occurs. The lymphocytes
have a cytological appearance similar to the
peripheral blood with round nuclei, condensed
chromatin, and sparse cytoplasm. Proliferation
centers (also called growth centers) are paler
zones that are regularly spaced on low magnifi-
cation, imparting a pseudofollicular appearance.
They contain medium-sized cells with small,
distinct central nucleoli (paraimmunoblasts).
These proliferative areas can sometimes fuse to
form larger areas which should not be mistaken
for a large cell transformation.

Immunophenotype

Immunophenotyping by flow cytometry is
extremely useful in establishing a CLL/SLL
immunophenotype and is required in
low–lymphocyte count cases to exclude
a monoclonal B-cell lymphocytosis. The cells
typically express CD5, CD19, CD20 (dim),
CD23, monotypic surface immunoglobulin
(dim), and either very dim or absent expression
of CD22, FMC7, and CD79b. Because there is
overlap with other mature B-cell leukemias and
also deviation from this immunophenotype,
Matutes and colleagues (Leukemia 1994) devel-
oped a 5-point scoring system which remains
a fairly good predictor of CLL/SLL in cases
with scores of 4–5 (Point system: surface Ig
(dim = 1, moderate/bright = 0), CD5 (posi-
tive = 1, negative = 0), CD23 (positive = 1,

negative = 0), FMC7 (negative = 1, posi-
tive = 0), CD22 (dim/negative = 1, moderate/
bright = 0)). CD38 and ZAP-70 are two markers
that can be quantified by flow cytometry and
provide prognostic value. ZAP-70 is a cytoplas-
mic tyrosine kinase that has a strong association
with IGH variable region (IGHV) mutational
status, and many studies have shown that expres-
sion in 20 % of CLL is associated with a poor
prognosis in terms of survival and disease pro-
gression. CLL cells expressing ZAP-70 have
been shown to have an augmented response to
B-cell receptor activation. CD38 expression is
also associated with IGHV mutational status to
some extent, and using a cutoff of approxi-
mately 30 % can predict a poorer prognosis.
Recently, CD49d has emerged as an independent
flow cytometry–based prognostic factor for
overall survival in CLL/SLL, and patients who
express CD49d have been shown to have more
advanced stages of disease and more rapid pro-
gression than patients who are negative for
CD49d. There is an association with trisomy 12
cases having a hypomethylated CD49d gene
(leading to increased expression).

In paraffin-fixed tissue sections, the
immunophenotype of SLL cells is the same
as the peripheral blood and can be demon-
strated by immunohistochemistry with the
following predicted pattern: CD5+, CD19+,
CD20+ (dim), CD23+, CD43+, and cyclinD1
negative. LEF-1, a nuclear protein involved in
Wnt signaling, has been shown to be over-
expressed in SLL but not other small B-cell
lymphomas. LEF-1 is expressed in
T lymphocytes as well, thus interpretation
must be performed in conjunction with a small
panel of other stains to enumerate B and
T cells. There is also emerging data highlighting
its utility using intracellular flow cytometry
staining on peripheral blood and bone marrow
samples.

Molecular Features

Interphase FISH studies complement conven-
tional cytogenetic analysis for the identification
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of recurrent cytogenetic abnormalities in CLL/
SLL. Deletion of chromosome 13q is the most
common abnormality, present in slightly over
half of CLL patients, and is associated with
a good prognosis. Within the deleted region (at
approximately 13q14.3) there are two microRNA
genes, MIR15A and MIR16-1, which encode the
microRNAs miR-16 and miR-15. These miRNAs
control B-cell proliferation, and deletion leads to
monoclonal B-cell lymphocytosis and contributes
to CLL biology as demonstrated in mouse models.
Trisomy 12 occurs in less than 20 % of cases
(approximately 14 %) and is associated with an
atypical morphology and an intermediate progno-
sis. Less commonly, deletions of 6q21 occur and
are associated with a worse prognosis. Deletion of
11q often affecting the ATM locus, in about 20 %
of patients 17p deletion, (5-10 % of patients) and
mutation in TP53 are associated with a poor
prognosis.

Molecular abnormalities in CLL/SLL play an
important role as predictive markers in addition
to prognostic biomarkers. For example, deletion
of 17p or a mutation in TP53 is one of the most
established markers in predicting a lower
response to standard chemotherapeutic regi-
mens, portending a poor response to FCR as
salvage chemotherapy and resistance to
bendamustine with rituximab. Therefore,
identification of a high-risk subgroup by 17p or
TP53 status has prognostic and predictive
value. These patients may benefit from alternate
therapies, and this is an active area of investiga-
tion. Some studies suggest that 17p abnormali-
ties are an indication for allogeneic stem cell
transplantation as the only chance for long-term
survival.

IGHV mutational status has been shown to be
associated with prognosis in CLL/SLL. The
IGHV sequence is compared to the germline
sequence for this analysis and is generally
considered mutated if it shares less than 98 %
homology to the germline sequence. The
presence of unmutated IGHV genes (< 2 %) is
associated with a shorter median overall survival
in CLL/SLL compared to IGHV-mutated CLL, 9
years for the former versus 24 years. Unmutated
CLL patients also tend to progress faster, require

treatment sooner, and have a higher rate of trans-
formation to a high-grade lymphoma. ZAP-70
expression, discussed in the immunophe-
notyping section, is a molecule that is used to
predict IGHV mutational status, with ZAP-70
positive cases having an association with
unmutated CLL and ZAP-70 negative cases
associated with mutated CLL. The agreement
between the mutational status of the IGHV
genes and ZAP-70 expression by flow cytometry
varies between 80 % and 95 %.

Genomic sequencing has identified recurrent
mutations in CLL/SLL, and research is under-
way to draw correlations between the muta-
tional profile, clinical characteristics, and
possible therapeutic implications. Recurrently
mutated genes that have been recently reported
include TP53, NOTCH1, SF3B1, BIRC3,
MYD88, XPO1, and KLHL6. Although more
validation studies and further integration with
existing prognostic models is needed, some
associations have been observed. SF3B1 and
TP53 mutations have shown an adverse impact
on prognosis independent of IGHV mutational
status. In a whole-genome study of mutated and
unmutated CLL, mutations in MYD88 and
KLHL6 are predominant in CLL with mutated
immunoglobulin genes, while NOTCH1 and
XPO1 are more common in patients with
unmutated immunoglobulins. MYD88 muta-
tions, though uncommon in CLL/SLL, have
been linked to other favorable biological fac-
tors. NOTCH1 mutations are fairly prevalent
among fludarabine-refractory patients, which
could help to inform treatment selection if this
trend is validated in future clinical trials.

Differential Diagnosis

The differential diagnosis for CLL/SLL is broad
and can include other small mature B-cell leuke-
mias that are characteristically CD5 positive
(such as leukemic mantle cell lymphoma) or
occasionally CD5 positive (such as
lymphoplasmacytic lymphoma or splenic mar-
ginal zone lymphoma). Mantle cell lymphoma
cells are often intermediate sized with slight
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nuclear irregularities, bright CD20 and surface
immunoglobulin expression, expression of
CD79b and FMC7, and usually a t(11;14)(q13;
q32) involving IGH@ and CCND1. Splenic
marginal zone lymphomas and other B-cell
lymphomas/leukemias unclassifiable typically
have brighter CD20 expression, and the cells
may have slightly eccentric nuclei with abundant
cytoplasm or cytoplasmic villous projections.
It can be more difficult to establish
a diagnosis of CLL/SLL with atypical features
such as larger irregular nuclei or a divergent
immunophenotype from prototypic CLL/SLL,
but careful exclusion of other B-cell chronic
lymphoproliferative disorders and an assessment
of clinical presentation and genetic features can
be useful in making this distinction. LEF1
immunohistochemistry is a sensitive and specific
marker that can be helpful because it is not
expressed in other small B-cell lymphomas. Per-
sistent polyclonal B-cell lymphocytosis, an
unusual disorder that typically affects female
smokers with an associated HLA-DRB1*07

haplotype, is easily distinguished with flow
cytometric analysis that reveals CD5-negative
CD27 + IgM + IgD+ polytypic B-cells in those
cases and often increased serum IgM levels. As
was discussed in the definition section, mono-
clonal B-cell lymphocytosis with a CLL
immunophenotype detected by peripheral blood
flow cytometry should be separated from overt
CLL/SLL and requires knowledge of potential
lymph node and extramedullary disease sites in
addition to absolute abnormal B-cell count in
order to confidently establish this diagnosis
(Fig. 2).

In nodal sites, the differential diagnosis
depends on the histological pattern. The
proliferation centers or pseudofollicles in SLL
could be mistaken for the neoplastic follicles
of follicular lymphoma if attention is not
paid to the cellular constituents in each, the
tendency for the neoplastic follicles of FL to
be more sharply circumscribed, and
immunophenotype. Mantle cell lymphoma is
composed of a monotonous population of
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small blue cells similar to CLL/SLL but lacks
paraimmunoblasts and pseudofollicles and may
have a diffuse, nodular, or mantle-zone pat-
tern. Expression of cyclinD1 allows a confi-
dent diagnosis of mantle cell lymphoma.
SOX11 is often positive in the cyclinD1 neg-
ative cases. The interfollicular variant of CLL/
SLL can mimic a marginal zone pattern, but
immunophenotyping can be helpful in
distinguishing the two. A rare variant of SLL
with plasmacytic features and a monoclonal

paraproteinemia carries a differential diagnosis
that includes lymphoplasmacytic lymphoma.
Correlation with clinical features (i.e., hyper-
viscosity), immunophenotype, and molecular
testing for the MYD88 L265P mutation
(found in approximately 90 % of
lymphoplasmacytic lymphomas) has made
this an easier diagnostic issue than in the
past. Lymphocyte-predominant Hodgkin lym-
phoma contains many small B lymphocytes
but grows in a macronodular pattern, and the
nodules contain the typical large “LP” or “L
and H” cells, whereas nodularity in CLL/SLL
is due to smaller proliferation centers with
a different cellular composition. Finally,
another rare variant of CLL/SLL with Hodg-
kin/Reed-Sternberg–like cells exists, character-
ized by individually scattered RS-like cells in
a background of otherwise typical CLL/SLL.
The RS-like cells are CD30 positive and pos-
itive for EBV. This should not be mistaken for
a classical Hodgkin lymphoma or an unusual
Richter’s transformation of CLL/SLL, and
the typical inflammatory background and
other features of classical Hodgkin lymphoma
are absent. Refer to the table for some helpful
key differences in the differential diagnosis of
small B-cell lymphomas/leukemias (Figs. 3
and 4, Table 1).

B-Cell Chronic Lymphocytic Leukemia/Small Lym-
phocytic Lymphoma, Fig. 3 Bone marrow involved
by chronic lymphocytic leukemia/small lymphocytic lym-
phoma in a diffuse pattern (H&E, 400x)

B-Cell Chronic Lymphocytic Leukemia/Small Lym-
phocytic Lymphoma, Fig. 4 (a) Lymph node with
SLL in a diffuse pattern, with lighter zones corresponding

to proliferation centers (H&E, 100x); (b) Higher magnifi-
cation displaying the cellular composition of
a proliferation center (H&E, 400x)
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Synonyms

Blood fluid; Cruor; Sanguine fluid

Anatomy

Blood is the circulating tissue of the body that
courses through the heart, arteries, capillaries,
and veins. Blood volume is 54.3 % plasma and
45.7 % formed elements. Plasma is a straw-
colored fluid that is 92 % water; 8 % plasma
proteins including albumin, globulins, and
fibrinogen; and trace other material. Formed ele-
ments are erythrocytes or red blood cells (RBCs)
which comprise 45 % of the blood volume, leu-
kocytes or white blood cells (WBCs), and
platelets.

Function

The three main functions of blood are to provide
transportation, regulation, and protection for body
functions. The plasma transports nutrients to cells,
moves metabolic products to liver and kidneys for
excretion, and transfers hormones, drugs, and
fatty acids to target tissues. Antibodies and other
plasma proteins provide protection against
pathogens.

Erythrocytes and platelets primarily function
within the blood. Hemoglobin in RBCs carries
oxygen from lungs through the arteries to periph-
eral tissues and removes carbon dioxide from
tissue cells and carries it through the venous
blood for exhalation in the lungs. The major func-
tion of platelets is to prevent bleeding by
(1) releasing serotonin to stimulate muscular con-
traction in damaged or broken blood vessels;
(2) sticking to surfaces of damaged vessels to
form platelet “plugs”; and (3) secreting pro-
coagulants to promote blood clotting
(coagulation).

Leukocytes migrate from blood to tissue
where they perform key roles in immune function.
Neutrophils migrate to sites of infection to
phagocytize and digest microorganisms. Primary
and secondary neutrophil granules fuse with
phagocytic vesicles to release bactericidal or
inhibitory chemicals. Eosinophils release pro-
inflammatory mediators that aid in fighting
parasitic, fungal, and protozoal infections.
These mediators also cause tissue damage in
hypersensitivity and inflammatory reactions.
Basophils also play a role in fighting
parasitic infections and in allergic/hypersensitiv-
ity disorders. Heparin and histamine released
by basophils prevent clotting and promote
vasodilation to improve blood flow to tissues.
Lymphocytes include B cells and T cells with
roles in humoral and cell-mediated immunity,
respectively. Stimulated B cells give rise
to plasma cells that secrete specific antibodies
against infectious organisms. The T cells
regulate immune responses and directly
attack infected or cancerous cells. The subset
of large granular lymphocytes (LGLs) has
particularly important roles in fighting viral
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infections, regulating hematopoiesis, immunosur-
veillance against neoplasms, graft-versus-host
effects after transplantation, innate immunity,
and antibody-dependent cytotoxicity. Monocytes
develop into macrophages in tissues and remove
cellular debris, digest pathogens, present antigens
to other immune cells, and function in
immunomodulation.

Size, Weight

Blood accounts for 7–8 % of an adult’s body
weight with an average blood volume of 4–5 l in
females and 5–6 l in males. The daily production
rate for erythrocytes and platelets is similar,
approximately 2 � 10/kg per day. On average,
erythrocytes survive 120 days and platelets 7–12
days. Granulocytes and monocytes typically cir-
culate only a few hours and usually less than 24 h
before migrating into tissues. Lymphocytes are
the only leukocyte to recirculate between blood
and tissues via the lymphatic system.

Macroscopy

Erythrocytes contain a mixture of hemoglobin,
oxyhemoglobin, carboxyhemoglobin, methe-
moglobin, and smaller amounts of other hemoglo-
bins. Hemoglobin is the primary determinant of
blood color. Oxygen attached to the heme group
imparts a bright red color; deoxygenated blood is
darker red.

The complete blood count (CBC) performed
on an automated hematology analyzer calculates
the RBC, WBC, and platelet counts, as well as
providing red cell indices related to cell size
(mean corpuscular volume), amount of hemoglo-
bin, and cell uniformity (red cell distribution
width or RDW). A WBC differential count pro-
vides the percentage of neutrophils, lymphocytes,
monocytes, eosinophils, and basophils.

Anemia is a decrease in the RBC mass or
hemoglobin content of blood below the physio-
logical need as set by tissue oxygen requirements.
This is measured as a decrease in hemoglobin
content, often accompanied by a reduced number

of RBCs compared to age- and sex-related normal
values. Increased RBCs are found in individuals
with congenital disorders (high-oxygen-affinity
hemoglobin, methemoglobinemia, increased
erythropoietin production), myeloproliferative
neoplasms (particularly polycythemia vera), hyp-
oxia, renal, or hepatic disease.

Absolute leukocytes counts that exceed sex-
related normal ranges are referred to as
neutrophilia, lymphocytosis, monocytosis, eosin-
ophilia, and basophilia depending on the cell type
involved. Cytopenias are decreased absolute
counts that may involve a single lineage (neutro-
penia, monocytopenia, lymphopenia) or multiple
lineages when accompanied by anemia and/or
thrombocytopenia (bicytopenia or pancytopenia).

Microscopy

Preparation of high-quality smears is crucial to the
correct identification of cell abnormalities in
blood. Evaluation requires correlation with the
complete blood cell and differential counts.
Three primary considerations influence micro-
scopic evaluation of the peripheral smear:
the age and sex of the patient, whether
a quantitative defect involves more than one cell
lineage and whether associated qualitative mor-
phologic changes are present. Initial review of the
feathered and side edges of a blood film helps to
identify platelet clumps, microfilariae, parasites,
and large abnormal or immature cells. Additional
evaluation within a few fields of the feathered
edge provides the optimal location for evaluating
RBC aggregation, rouleaux formation (>4 RBCs
in a line), and bluish background staining for
paraproteinemia. High power evaluation of all
cells is best performed in this thin area of the
smear (Fig. 1).

Erythrocytes are biconcave discoid cells that
lack a nucleus and organelles. On a fixed blood
film, the 7–8 um in diameter cells appear circular
with a central area of pallor corresponding to the
indented area of the disc. The RBC size, degree of
hemoglobinization, and shape are important in the
differential diagnosis of anemia. Cells of normal
size for sex and age that have adequate
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hemoglobin are normochromic normocytic red
cells. Insufficient hemoglobinization of RBCs
(i.e., iron deficiency, thalassemia) results in hypo-
chromic microcytic cells that are small with
a central area of pallor that exceeds one-half of
the RBC diameter. DNA synthesis abnormalities
(i.e., vitamin B12 or folate deficiency) lead to
larger than normal or macrocytic RBCs.
Anisocytosis refers to increased variation in cell
size and poikilocytosis to greater variation in
shape. Nucleated RBCs are normally seen in new-
borns and asplenic individuals; further evaluation
for a pathologic process is indicated in other sce-
narios. Distinctive shape abnormalities (i.e.,
sickle cells, elliptocytes), erythrocyte inclusions
(i.e., Howell-Jolly bodies, Pappenheimer bodies,
Cabot rings), or microbial organisms (i.e., Plas-
modium and Babesia) provide additional patho-
logic information.

The earliest erythrocyte normally seen in the
peripheral blood is a reticulocyte. Reticulocytes
are larger than mature red cells and have residual
RNA that impart a bluish or “polychromatophilic”
appearance to the cells. A dearth of polychromato-
philic cells signals a problem with RBC produc-
tion; increased polychromatophilic cells
(confirmed with an increased reticulocyte count)
indicate blood loss, splenic sequestration, or
hemolysis. Erythrocyte shapes help in the differ-
ential diagnosis but must be seen throughout the

smear to exclude artifacts of smearing or pH
change. Increased schistocytes (fragments with-
out central pallor) occur with intravascular hemo-
lysis and increased spherocytes (densely staining
spherical cells) support extravascular hemolysis.

Leukocytes are trapped at the feathered edges
of peripheral blood smears making mild alter-
ations in numbers difficult to ascertain on micro-
scopic review. The cells described below are
normally observed in the peripheral blood. The
presence of immature cells, particularly blasts, or
cytopenias warrants further workup to evaluate
for a neoplastic versus reactive process.

Segmented neutrophils predominate in the
peripheral blood of older children, adolescents,
and adults. They are round to oval in shape, vary
in size from 10 to 15 um in diameter, and have
a nuclear/cytoplasmic (N:C) ratio of 1:3. The
nucleus is segmented, typically showing 2–5
lobes, with condensed chromatin and threadlike
segments lacking internal chromatin that separate
the lobes. Fine cytoplasmic secondary granules
impart a pale orange or pink color to the cytoplasm.
Approximately 5–10 % of WBCs are banded neu-
trophils that are similar or slightly larger in size than
segmented cells but lack thread-like lines separat-
ing nuclear lobes. The nuclei appear sausage or
U shaped, band-like, twisted, or folded. Distinction
between banded and segmented neutrophils is not
reproducible in proficiency tests, and thus these
cells are usually lumped together as neutrophils in
reports. Activated neutrophils have toxic granula-
tion, Dohle bodies, and/or cytoplasmic
vacuolization (associated with sepsis if prominent)
(Fig. 2). The most common cause for reactive
neutrophilia is infection, particularly bacterial,
with multiple additional etiologies that include
inflammation, metabolic disorders, medication,
stress response, and constitutional neutrophilic dis-
orders. Larger neutrophilic precursors may circu-
late in the blood (see bone marrow description of
promyelocytes, myelocytes, metamyelocytes),
commonly referred to as left-shifted neutrophils.
They are seen in newborns and in association
with a number of reactive and neoplastic myeloid
disorders. The presence of Auer rods in immature
cells indicates a myeloid neoplasm (i.e., acute mye-
loid leukemia, myelodysplastic disorder). Auer

Blood, Fig. 1 The thin area of the peripheral blood smear,
shown in this image, is optimal area for morphologic
evaluation. This smear shows a normal number of
normochromic normocytic red blood cells
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rods are pink or red, rod-shaped cytoplasmic inclu-
sions caused by crystallization of azurophilic (pri-
mary) granules.

Eosinophils are similar in shape, size, and N:C
ratio to neutrophils (Fig. 3). Approximately 80 %
have two equally sized nuclear lobes with up to
five nuclear lobes seen in some reactive condi-
tions. The cytoplasm contains orange-red refrac-
tile granules composed of cationic proteins and
smaller amorphous granules. Activated cells show
alterations in the number of nuclear lobes, possi-
ble cytoplasmic degranulation, or vacuolization.

Allergens and medications are the most common
cause for increased eosinophils in industrialized
countries and among hospital patients. Circulating
eosinophilic precursors are seen in patients with
myeloid neoplasms.

Basophils are slightly smaller and have nuclei
that are typically less well segmented with less
distinct chromatin condensation than neutrophils
(Fig. 4). The cytoplasm contains distinctive dark
purple, secondary granules containing heparin,
histamine, eosinophil chemotactic factor, and
slow-reacting substance of anaphylaxis. These
cells are increased in hypersensitivity reactions,
chronic inflammatory conditions, chronic iron
deficiency anemia, hypothyroidism, and myelo-
proliferative neoplasms.

Monocytes are the largest normal cells in the
blood, measuring 12–22 um in diameter with a N:
C ratio of 2–4:1 (Fig. 5). The nucleus is usually
indented or reniform in shape but may be round,
oval, lobulated, or folded. Nuclear chromatin is
arranged as fine strands with sharply defined
margins. Nucleoli are absent or occasionally
small and inconspicuous. The abundant, light
blue or gray cytoplasm has smooth borders
with infrequent pseudopod-like cytoplasmic
extensions and contains fine lilac or purple
granules. Cytoplasmic vacuoles are common,
especially in smears made from blood

Blood, Fig. 3 The orange-red, refractile granules most
easily distinguish the three eosinophils in this field from the
single neutrophil. The coarse granules are uniform in size
and rarely overlie the nucleus

Blood, Fig. 4 Basophils have dark purple cytoplasmic
granules that vary in size and shape and often obscure the
nucleus. Basophil granules, as observed in this image, may
appear sparse due to cellular degranulation in blood films.
A normal neutrophil and lymphocyte are shown for
comparison

Blood, Fig. 2 The activated neutrophils in this blood film
have variably prominent, large purple or dark blue, cyto-
plasmic granules, referred to as toxic granulation. Release
of cytokines during infections, burns, trauma, and other
conditions are associated with the toxic features
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anticoagulated with EDTA. Common causes of
increased monocytes are inflammation, immune-
mediated disorders, infections, neoplasms, and
agranulocytosis. Immature monocytes have
a higher N:C ratio of 3–7:1, round to oval
nuclei, finely dispersed chromatin, and distinct
nucleoli.

Lymphocytes are normally small cells, about
10 um in diameter, with round nuclei containing
condensed chromatin, inconspicuous nucleoli,
and scant pale to dark blue cytoplasm. Some
benign disorders (pertussis infection, polyclonal
B lymphocytosis, and stress lymphocytosis) have
increased small lymphocytes without unique mor-
phologic features. Activated lymphocytes exhibit
a range of morphologic appearances that alter
both the nuclear and cytoplasmic appearance, as
well as increasing the size of the cells (Fig. 6).
The nuclei have a more dispersed chromatin con-
figuration, inconspicuous nucleoli, and greater
nuclear irregularity than normal. The cytoplasm
varies from pale gray to basophilic in color and is
usually abundant. Activated lymphocytes are seen
in viral infections (i.e., acute HIV, EBV, CMV,
rubella, mumps, HHV-6), other types of infections
(i.e., Toxoplasma, Listeria, Mycoplasma), with
drug reactions (i.e., phenytoin, sulfa), after vacci-
nation, and infrequently in autoimmune disorders.
Viral infections are also associated with an
increased number of LGLs containing fine to
coarse, azurophilic, cytoplasmic granules within
pale cytoplasm. The LGLs are cytotoxic/

suppressor T cells or true natural killer (NK)
cells. Clonal proliferations of LGLs may develop
in specific clinical scenarios and cause anemia
and/or neutropenia. When lymphocytes are
increased in number, a heterogeneous population
of cells versus a uniform population supports
a reactive process. Nonetheless, persistent reac-
tive lymphocytosis in an adult may be difficult to
distinguish from a clonal lymphoproliferative dis-
order without additional studies.

Platelets are small, blue-gray fragments of
megakaryocyte cytoplasm measuring 1.5–3 um
in diameter and displaying a variety of shapes,
though often rod shaped or round (Fig. 7). The
cytoplasm contains fine, purple-red granules with
central aggregation of granules. Immature plate-
lets are large in size, while giant platelets are
larger than normally sized RBCs in the same
field. Falsely decreased platelet counts may be
due to platelet clumping or “satellitism” (adher-
ence of platelet to neutrophils) as the result of
platelet reactive antibodies which cause no clini-
cal symptoms. Smear review helps to exclude
these possibilities. Some congenital and acquired
disorders have dysfunctional platelets instead of
decreased or increased platelets. Extreme platelet
pleomorphism is uncommon in reactive

Blood, Fig. 5 The monocytes have irregularly shaped
nuclei and pale blue cytoplasm with vacuolation

Blood, Fig. 6 Atypical lymphocytes are seen in the
peripheral blood from this young adult with infectious
mononucleosis. The majority of lymphocytes (historically
referred to as Downey type II cells) are intermediate in size
and have mature smudged chromatin, inconspicuous
nucleoli, and moderately abundant pale blue cytoplasm
with peripheral basophilia. These are activated T cells
elicited in response to the EBV infected B cells
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conditions. Platelet hypogranularity is a feature of
myeloid neoplasms, such as myelodysplastic
syndromes.

Immunophenotype

Flow cytometry is an important tool for the diag-
nosis of immunodeficiency disorders, paroxysmal
nocturnal hemoglobinuria, leukemias, and lym-
phomas in peripheral blood.

Lymphocytes and subsets are assessed for ade-
quate numbers of cells, abnormal levels of antigen
expression, absence of normal antigens, and the
presence of aberrant antigens not normally present
on the cells. Normal B cells express CD19, CD20,
and CD22 and show polytypic immunoglobulin
light chain expression. Expression of a single light
chain, either kappa or lambda, indicates a clonal
B-cell population that often represents
a circulating B-cell neoplasm from bone or lym-
phoid tissue. Elderly individuals may have small
monoclonal B-cell populations in the absence
of lymphoma termed monoclonal B-cell
lymphocytosis.

The majority of circulating lymphocytes are
T cells (60–72 % of lymphocytes). They express
CD3 and include CD4 helper and CD8 cytotoxic/
suppressor cells in a ratio of 2–4:1 in adults.

Detection of malignant T cells in blood may be
challenging and relies on identification of abnor-
mal T-cell subsets. As abnormalities may be seen
in reactive conditions such as viral infections
and autoimmune disorders, sophisticated flow
cytometric testing for beta chain variants of the
T-cell receptor best identifies a clonal T-cell
population. Natural killer cells comprise the
smallest normal lymphocyte subset in blood
and express CD16 and CD56. They have
a diverse repertoire of killer inhibitory receptors
(KIR) that may be interrogated to identify rare
NK cell neoplasms.

Blasts have decreased CD45 expression and
usually one or more immature antigens including
CD34, CD117 (myeloid and erythroid), TdT
(lymphoid and subset of myeloid), and CD1a
(T cell). Markers of neutrophilic myeloid lineage
include myeloperoxidase, CD33, and CD13;
monocytic lineage include CD14, CD163, bright
HLA-DR, bright CD36/CD64 coexpression, and
weak CD4; megakaryocytic lineage include
CD31, CD41, CD42b, and CD61; and erythroid
lineage include glycophorin A, CD71, and
hemoglobin A.

Paroxysmal nocturnal hemoglobinuria (PNH)
is caused by an acquired PIGA gene mutation
that leads to loss of glycosyphosphatidylinositol
(GPI) anchors on cell membranes. A fluorescein-
labeled aerolysin (FLAER) normally binds to
GPI anchors and is not detected on PNH cells.
Loss of additional GPI-linked proteins, such as
CD14, CD16, CD24, CD55, CD59, and CD157,
confirms the presence of a PNH clone.

Immunohistochemistry

Immunohistochemistry can be performed on
cytospin preparations of blood utilizing many
of the same antibodies as described above. This
technique is less sensitive and specific than
flow cytometry and thus not recommended.
Cytochemical stains help to determine blast lin-
eage in the workup of acute leukemia.
Myeloperoxidase positivity confirms myeloid
lineage with approximately 5 % of acute

Blood, Fig. 7 Normal appearing platelets are increased in
number in the peripheral blood of a patient who has
recently had abdominal surgery. Tissue injury and systemic
inflammation increase thrombopoietic factors, such as
thrombopoietin and IL-6, that increase platelet production

72 Blood



monoblastic leukemias also showing scattered
positivity. Nonspecific esterase positivity, espe-
cially alpha-naphthyl butyrate esterase, confirms
monocytic lineage.
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Synonyms

Marrow; Medulla ossium

Anatomy

Bone marrow is a semisolid tissue present in
all the bones divided schematically into
hematopoietically inactive fatty marrow, named
yellowmarrow, and hematopoietically active mar-
row, named red marrow. In adults, red marrow is
mainly found in the central skeleton such as pel-
vis, sternum, skull, vertebra, scapulae, as well as
epiphyseal areas of long bones such as femur and
humerus.

Function

The function of hematopoietic marrow is to regulate
myeloid and lymphoid cell trafficking as well as
hematopoietic stem and progenitor cell maintenance
for normal myelopoiesis and lymphopoiesis. In
addition, the marrow contains mesenchymal stem
cells that can differentiate into adipocytes, hepato-
cytes, osteoblasts, chondrocytes, skeletal, and car-
diac muscle cells. The nonhematopoietic marrow
serves as a large store of reserve lipids. Bone mar-
row endothelial cells form a barrier preventing entry
of red blood cells and platelets from the circulation
regulating cell trafficking and osteogenesis. These
cells also contribute to specialized perivascular
microenvironment where majority of hematopoietic
stem cells are present.

Size, Weight

The total mass of an adult bone marrow is esti-
mated between 1600 g and 3700 g.

Macroscopy and Techniques for
Studying the Marrow

Evaluation of bone marrow benefits both from
thoroughly cytological evaluation by aspirate
smear preparations (usually sternal for individuals
older than 12 or the pelvic bone) as well as histo-
pathological evaluation by bone marrow trephine
biopsy (BMB) (usually posterior superior iliac
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spine) for evaluation of the architecture, cellular-
ity, focal lesions, fibrosis, or necrosis.

Bone marrow aspirate provides liquid sample
with mixed cell population of bone marrow cells.
After bone marrow harvest, high quality smears
are realized onto glass slide, air-dried and stained
using May Grünwald Giemsa. Complementary
cytochemistry staining can be done such as Perls
staining to see intracellular (erythroblastic) and
extracellular iron distribution. Sometimes,
myeloperoxidase or esterase staining are useful
to better characterize abnormal leukemic cells.

Bonemarrow trephine biopsy provides a core of
cortical and medullary areas which contain bone
trabeculae and hematopoietic tissue. It is optimally
a cylinder of 1.5–2 cm length. This biopsy is sent
usually in the laboratory of pathology in 10% neu-
tral buffered formalin. European Bone Marrow
Working Group promotes slow decalcification
using EDTA during 48 h, allowing perfect epitope
conservation for immunohistochemistry and fairly
good nucleic acid preservation for molecular eval-
uation (NGS, lymphoid clonality tests, . . .). Slides
of 2–3 m thickness should be prepared and stained
with H&E, Giemsa (crucial for cytological evalua-
tion), Perls for hemosiderin deposits, silver impreg-
nation for fibrosis. When fibrosis is diagnosed on
H&E, a trichrome stain is recommended. PAS stain
is sometimes used, for example, to better evaluate
megakaryocytes as well as immunoglobulin within
lymphocytes with plasma cell differentiation.

Microscopy

Cytology on a Marrow Aspirate
Bone marrow aspirate should always be analyzed
together with peripheral blood film observation.

At small magnification, cellularity will be eval-
uated (according to the age) and interpretability
will take into account a possible hemodilution
(Figs. 1 and 2). This small magnification allows
to look for megakaryocytes and to appreciate their
morphology (dysmegakaryocytopoiesis will be
diagnosed if present on more than 10% of
30 megakaryocytes observed according to the
2016 WHO recommendation). It allows also to
detect other cells such as mastocytes,

macrophages, or potential extra-hematopoietic
cells grouped into a cellular cluster (in case of
suspicion of carcinoma metastasis, for example).

Then, bone marrow smear will be observed at
higher magnification after putting a drop of oil in a
reading area where cell spreading is appropriate in
density and quality (Fig. 3a, b, c). The first step
consists to ensure the correct distribution of cells,
the presence of immature precursors, and to look
for the presence of abnormal cells or morpholog-
ical abnormalities.

Cytologic analysis of normal bone marrow aspi-
rate smears allows to recognize each hematopoietic
lineage (Table 1). Considering granulopoiesis,mye-
loblasts, promyelocytes, myelocytes, meta-
myelocytes, and polynuclear (banded and

Bone Marrow, Fig. 2 Hemodiluted bone marrow. Low
magnification X100

Bone Marrow, Fig. 1 Cytology of normal bone marrow
with normal cellularity with one megakaryocyte (arrow) –
May-Grünwald Giemsa stain. Low magnification X100
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Bone Marrow, Fig. 3 (a, b, c) Cytology of normal polymorph bone marrow at medium magnification (X500) –
May-Grünwald Giemsa stain

Bone Marrow, Table 1 2014 Reference values of normal adult bone marrow according to the French Society of
Hematology

Lineage Cell type Reference range (%)

Progenitors Blasts/stem cell/undifferentiated cell 1–2

Granulocytic Myeloblasts 2–3

Promyelocytes 4–8

Neutrophilic myelocytes 10–15

Eosinophilic myelocytes

Basophilic myelocytes

Neutrophilic metamyelocytes 15–20

Eosinophilic metamyelocytes

Basophilic metamyelocytes

(Segmented and band) neutrophils 20–30

(Segmented and band) eosinophils 1–4

(Segmented and band) basophils 0.5–1

Monocyte Monocytes 2–3

Macrophages

Erythroblastic Proerythroblasts 1–2

Basophilic erythroblasts 4–8

Polychromatic erythroblasts 6–10

Acidophilic (orthochromatic) erythroblast 4–10

Lymphocyte Lymphocytes 5–15

Plasma cells 1–3
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segmented) could be identified and counted
(Fig. 4). It represents approximatively 60–70% of
all hematopoietic marrow cells. These are granular
cells, with basophilic cytoplasm, azurophilic, and
neutrophilic granulations. With the maturation, the
granulations of these cells become neutrophilic, the
nucleus, initially round, central, with immature
chromatin, becomes elongated and segmented
with compacted chromatin, and basophilia of the
cytoplasm gradually disappears. Erythroblastic lin-
eage cells (around 20–30% of hematopoietic cells)
appear as round central nucleated cells (Fig. 5);
immature erythroblasts such as proerythroblasts
(or pronormoblast) and basophilic erythroblasts
have a round immature nucleus with fine chromatin
and a large basophilic crowned cytoplasm around
the nucleus. With the maturation, the cells become

smaller, with condensed chromatin and polychro-
matophilic then acidophilic cytoplasm due to iron
enrichment. Lymphocytes, plasma cells,
mastocytes, and monocytes/macrophages are also
present in bone marrow, and cytological examina-
tion allows to quantify these different subpopula-
tions (Fig. 6) and to detect morphological
abnormalities.

Overall, an excess of one cell category or a
maturation block could easily be identified by
cytologic observation. It is the case in leukemia:
excess of lymphoblasts in lymphoblastic leuke-
mia (Figs. 7 and 8) or excess of myeloblasts in
acute myeloid leukemia (Figs. 9 and 10a, b). Mor-
phological abnormalities of hematopoietic precur-
sors could also be observed: degranulation or
chromatin abnormalities of the granulocytic

BoneMarrow, Fig. 4 Cytology of normal bonemarrow –
granulocytic lineage: myeloblast (a), promyelocyte
(b, arrow), band neutrophil (b), metamyelocyte (c, arrow),

segmented neutrophil (c), and eosinophilic myelocyte (d).
May-Grünwald Giemsa stain. High magnification (X1000)

76 Bone Marrow



lineage, nucleocytoplasmic asynchronism of the
erythroblastic lineage, dehemoglobinization of
erythroblast’s cytoplasm, abnormal cytoplasmic
inclusions such as Auer rods in myeloblast. If
there is suspicion of myelodysplastic syndrome
with dyserythropoiesis, a Perls staining will
be performed to look for ring sideroblasts.
In addition, bone marrow could be infiltrated,
for example, by abnormal lymphoplasmocytic
cells in Waldenström’s macroglobulinemia, lym-
phoid cells in mantle cell lymphoma (Figs. 11
and 12), or by dysmorphic plasma cells in
myeloma.

In conclusion, bone marrow cytological exam-
ination is the best way to study the quantitative
and qualitative constitution of hematopoietic sys-
tem but must be associated in some cases to

histological examination depending on the con-
text (to look for presence of fibrosis, for a diagno-
sis of Aplastic anemia, in case of focal lesions or
unexplained fever. . ..).

Histopathology on BMB
Before any histological evaluation, the size and
interpretability of BMB should be evaluated.
A small biopsy will prevent the detection of a
focal lesions and crushing artifact or
dislocation of medullary spaces during the
biopsies will prevent any interpretation (Fig. 13).
At least three medullary spaces should be evalu-
ated for a minimal interpretation. However,
more than 10 partially preserved intertrabecular
areas should be preserved for an optimal
interpretation.

BoneMarrow, Fig. 5 Cytology of normal bonemarrow –
erythroblastic lineage: proerythroblast (a), basophilic eryth-
roblast (b), polychromatic erythroblast (c), acidophilic

erythroblast (d). May-Grünwald Giemsa stain. High magni-
fication (X1000)

Bone Marrow 77

B



The analysis of a BMB should system-
atically evaluate bone trabeculae and

medullary spaces. Within medullary spaces,
one should evaluate adipocytes, hematopoietic
cells (granulocytic lineage, erythroblastic
lineage, megakaryocytic lineage), lympho-
cytes, plasma cells, mastocytes, histiocytes,
as well as vascular and reticulin network
(Fig. 14).

Cellularity should be evaluated and is defined
by the area of a histological section occupied by
hematopoietic cells compared to the area occupied
by fat cells (excluding bone trabeculae). In neo-
nates, the cellularity approaches 100%. In the
adult, the cellularity is around 60–70% (Fig. 15),
whereas in the elderly, cellularity decreases
around 20%. One should be aware of the presence
of subcortical physiological areas devoid of
hematopoietic cells that do not correspond to
aplastic areas.

BoneMarrow, Fig. 6 Cytology of normal bonemarrow –
other marrow cells: macrophage (“nurse cell” with eryth-
roblasts) (a), mastocyte (b), lymphocyte (c), plasma cell

(d). May-Grünwald Giemsa stain. High magnification
(X1000)

Bone Marrow, Fig. 7 Lymphoblasts in B-acute lympho-
blastic leukemia (B-ALL) – May-Grünwald Giemsa stain.
High magnification (X1000)
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Cellularity of the myelomonocytic lineage is
around 50–70%. In marrow sections, early
granulopoietic cells (myeloblasts, promyelocytes)
are mainly found near the endosteum of bone
trabeculae whereas maturing granulocytes are
found in the center of medullary spaces, adjacent
to sinusoids (Fig. 16). However, few pro-
myelocytes or myelocytes are present in small
clusters at sites away from bone trabeculae. Pro-
myelocytes are difficult to differentiate from mye-
locyte and normal myeloblasts are difficult to
identify when not in excess. More mature
granulocytes are easily identified. Giemsa stain
allows to differentiate early granulocytic cells
due to their azurophilic granules. Eosinophil
lineage is easily identified based on bright red,
refractile granules whereas basophilic granules
are extracted during fixation and cannot be iden-
tified on BMB. In the absence of immunostain,
monocytes cannot be identified with certainty
on BMB.

Erythroblastic lineage (20–40%) is easily iden-
tified due to the presence of erythroblasts of vary-
ing degrees of maturity in aggregates. Giemsa
stain allows easily to differentiate basophilic
immature erythroblasts (pronormoblast or baso-
philic normoblast) from more mature erythroblast
with a smaller nucleus and a poorly stained

cytoplasm (Fig. 17). In thick slides, these cells
can be difficult to differentiate from lymphocytes.

Megakaryocytes are easy to recognize by their
large size, pink cytoplasm, and lobulated nuclei
on H&E. In normal marrow, they are singly
scattered or rarely in loose clusters (other cells
between megakaryocytes). Around 4–8 are
found by medullary spaces (Fig. 18). A small
number of megakaryocytes with hyperchromatic
nuclei, minimal or no cytoplasm can be seen
physiologically.

Mature lymphocytes are distributed within the
interstitium with few aggregates increasing with
age. T lymphocytes predominate over B lympho-
cytes (Fig. 19).

Plasma cells are often located on a perivascular
topography in intimate association with small
blood vessels lacking smooth muscle layer.
Scattered mast cells are present as single cells
rarely spindle and easily identified on Giemsa
stain (Fig. 20). Macrophages are numerous
throughout the BMB and are better appreciated
using immunostaining.

Blood supply comprises arterioles, capillaries,
and large sinusoids draining through a system of
collecting venules. Normal marrow contains an
incomplete network of type III collagen
(reticulin) fibers (Fig. 21). A higher concentration
is found around the walls of larger arteries and
near the endosteum.

Immunophenotype

Multiparametric flow cytometry evaluation of
bone marrow is a very useful complement to
quantify and characterize normal or pathologic
hematopoietic cells.

All hematopoietic cells express the panleucocyte
antigen CD45, except erythroblastic cells that are
positive for CD36 and Glycophorine A.

Immature cells (blast cells) underexpress
CD45 and may be also positive for CD34, TdT,
and/or CD117 antigen.

Lymphocytes cells of B lineage are character-
ized by CD19, CD20, CD22, CD79a, CD79b, and
CD10 expression. Lymphocytes cells of T lineage

Bone Marrow, Fig. 9 Myeloblasts in acute myeloid leu-
kemia (AML) with abnormal eosinophilic granular precur-
sor (arrow) (AML with inv (16) (p13.1q22); AML4Eo
FAB subtype) – May-Grünwald Giemsa stain. High mag-
nification (X1000)
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Bone Marrow, Fig. 10 (a, b) Flow cytometry analysis:
dot plots of AML marrow sample: expression of CD34 +
immaturity markers and low CD45 expression; expression
of myeloid markers: CD117 +, CD33 +, CD13 +, MPO +,

partial CD15 +; expression of HLA-DR; partial expression
of CD2 frequently documented although nonspecific in the
context of inv (16) (p13.1q22)/AML4Eo; no expression of
B-cell and T-cell markers

Bone Marrow 81

B



are characterized by intracytoplasmic and mem-
brane CD3 expression and CD5, CD7, CD2, CD4,
or CD8 expression.

Myeloid cells are positive for CD13, CD33,
CD117, and CD15 antigens. Monocytic cells

show a weak expression of CD4 and are CD14
and CD36 positive.

Megakaryoblasts can be characterized by
CD61 and CD42 antigen expression.

Immunohistochemistry on Paraffin-
Embedded Tissues

To better identify myeloid, lymphoid, and blastic
cells in bone marrow, immunohistochemistry is
often performed; below are the most used anti-
bodies on BMB.

CD34: blasts and endothelial cells
Myeloperoxidase, CD15, CD33: maturing

granulocytes
CD68 (KP1) with some staining of granulocyte

lineage, CD68 (PGEM1), CD163:
macrophages

CD14: monocytes (subpopulation)
Bone Marrow, Fig. 11 Marrow infiltration by mantle
cell lymphoma: May-Grünwald Giemsa stain. High mag-
nification (X1000)
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Bone Marrow, Fig. 12 Flow cytometry analysis: dot
plots of bone marrow infiltration by mantle cell lymphoma:
expression of B lymphoid markers: CD19 +, CD22 +,

CD79b +; aberrant expression of CD5 antigen, and
absence of expression of CD23 antigen; kappa monotypic
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Bone Marrow, Fig. 13 Bone marrow biopsy, H&E: nor-
mal bone marrow biopsy with numerous preserved
intertrabecular areas (a); focal lesions (circle) such as a

granuloma in a bone marrow biopsy (b); Noninterpretable
marrow due to crushing artifact (c); or dislocation of med-
ullary spaces becoming empty (d)

Bone Marrow, Fig. 14 Bone marrow biopsy, Giemsa
stain: normal bone marrow, polymorphic with all marrow
lineages

Bone Marrow, Fig. 15 Bone marrow biopsy, H&E: nor-
mal cellularity around 50–60%
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Bone Marrow, Fig. 16 Bone marrow biopsy, Giemsa
stain: normal granulocytic lineage with predominance of
promyelocytes and myelocytes close to endosteum

whereas neutrophils in the center (a). Neutrophil granules
within cells from granulocytic lineage (b, c, d)

Bone Marrow,
Fig. 17 Bone marrow
biopsy, Giemsa stain:
Erythroblastic lineage with
mature erythroblast (a,
circle) and basophilic
erythroblast (b, circle)
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Bone Marrow, Fig. 18 Bone marrow biopsy, Giemsa stain: 3 Megakaryocytes with normally lobulated nuclei (arrows)
not far from the lumen of a venous sinus (star)

Bone Marrow, Fig. 19 Bone marrow biopsy, Giemsa
stain: normal lymphocyte distribution with rare interstitial
CD3+ T cells (a) predominating over CD20+ B cells (b);

rare lymphoid aggregates (c); or lymphoid follicle with
germinal center (d)
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Glycophorin A, Glycophorin C, CD71: erythro-
blastic lineage

Fact VIII, CD61: megakaryocytes
CD117: mastocytes, proerythroblast, early pro-

myelocyte, blasts
TdT: lymphoid blasts, hematogones
CD20, PAX5: B lymphocytes
CD79a: B lymphocytes and plasma cells
CD138: plasma cells, (metastatic carcinoma may

be CD138+)
CD3, CD4, CD5, CD7, CD8; T lymphocytes
IgA, G, M, K, L: immunoglobulin heavy and light

chains

Bone Marrow, Fig. 20 Bone marrow biopsy, Giemsa
stain: plasma cells (circle) are normally present preferen-
tially in a pericapillary distribution (star within a capillary

lumen) (a). Mastocytes (arrow) are normally rare (b).
Plasma cells are normally polytypic expressing either
kappa or lambda light chains (c, d)

Bone Marrow, Fig. 21 Bone marrow biopsy, silver
impregnation stain: normal pattern with incomplete net-
work of reticulin fibers
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Table with Important Diseases (Links)

Specific
organ Affected by diseases like

Bone
marrow

Acute leukemia

Aplastic anemia

Hemophagocytic syndrome

Infection (tuberculosis, atypical
mycobacterial infection, leishmaniosis, . . .)
and inflammatory diseases
Lymphomas
Mastocytosis

Metastasis
Myeloproliferative neoplasms: chronic
myeloid leukemia BCR-ABL1 positive,
essential thrombocythemia, polycythemia
vera, primary myelofibrosis
Myelodysplastic syndromes
Myelodysplastic syndromes/
myeloproliferative neoplasms
Plasma cell myeloma
Sea-blue histiocytosis

T-cell large granular lymphocytic leukemia
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Synonyms

African lymphoma; Small noncleaved cell
lymphoma

Definition

Burkitt lymphoma (BL) is defined in the last 2017
World Health Organization (WHO) classification
of tumors of hematopoietic and lymphoid tissues
as a mature highly aggressive B-cell neoplasm,
often presenting at extranodal sites or as an acute
leukemia, composed of monomorphic, medium-
sized B-cells with basophilic cytoplasm and a
high mitotic rate. Translocation involving MYC
is the most frequent genetic feature. Epstein–Barr
virus (EBV) is found in a variable proportion of
cases. BL has often been referred to as The
Rosetta Stone of Cancer because it was the first
human cancer for which a viral association has
been shown and a chromosomal translocation
resulting in the activation of an oncogene was
identified, and the first tumor to be successfully
treated with chemotherapy alone.

The first description of BLwas probably that of
Albert Cook: one of Cook’s patients in Mulago
Hospital (Uganda) was a child with a large jaw
tumor, and his illustration of the appearance in his
meticulous notes leaves little doubt that this was a
case of BL. However, it was Denis Burkitt who
provided the first detailed clinical description of
the tumor in 1958, which was called “African
lymphoma.” He recognized a number of different
clinical presentations of tumors in children,
including jaw tumors and intraabdominal masses,
which could occur either alone or together.
Because of its rarity outside Africa, Burkitt was
interested in respect to the distribution of the
tumor. He mapped places where children with
jaw tumors or large abdominal masses had been
seen, starting to plot the “lymphoma belt” of BL
throughout Africa.

In the mid-1960s, several pathologists
described lymphomas in Europe and USA that
were indistinguishable at the histological level,
and often also clinically, from African BL, and it
became clear that this was not a uniquely African
disease, although it was much more common in
Africa.

The high incidence of Burkitt lymphoma in
Equatorial Africa and the peculiar epidemiologi-
cal features relating the incidence of the tumor to
temperature and humidity prompted Anthony
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Epstein, a young microbiologist, and collabora-
tors to search for a virus in BL specimens, finding
the so-called Epstein–Barr virus (EBV).

The cause of BL is unknown. Chronic anti-
genic stimulation and the associated immune sup-
pression that follow persistent malarial infection
have been suggested as causative factors in
Africa. Human immunodeficiency virus (HIV)
infection has been similarly implicated. Addition-
ally, pesticide exposure in both children and
adults has been noted. The link between EBV
and BL was shown by the heroic prospective
epidemiological study of de-Thé, which was car-
ried out before the HIV era. In this study, serum
samples were collected from approximately
42,000 east African children, and these children
were followed for development of BL. Prior to
tumor onset, the vast majority of the BL cases
exhibited high EBV antibody titers, suggesting
that BL was largely arising in those children per-
missive for EBV long before the onset of the
tumor. It is now well established that the EBV
latent genes are necessary for the persistence of
the viral genome in B-cells (and possibly other
cell types) throughout the life of the individual.
Latent infection is characterized by maintenance
of the genome at constant copy number and
expression of a limited number of genes. EBV
first infects naïve B-cells and activates a growth
program in these cells (also termed latency III),
which is characterized by expression of nine latent
viral genes. These cells will be recognized and
targeted by T-cell-mediated immune response,
but a fraction of these will instead enter the ger-
minal center, where they express only three latent
viral genes (default program or latency II). In
proliferating germinal center (GC) B-cells, the
process of somatic hypermutation, which mod-
ifies the DNA of the variable region of immuno-
globulin genes, is activated, and GC B-cells
finally differentiate into memory B-cells or
plasma cells. The virus thus gains access to the
memory B-cell compartment, its main reservoir
during persistence, where no latent viral genes are
expressed. An exception occurs when the latently
infected memory B-cells divide, in which case
they express the EBNA-1 protein (latency I, char-
acterizing the BL samples), thereby allowing viral

DNA to replicate. Recent evidence has challenged
the view that only the latency phase of EBV
infection is significant for the development of
BL. In fact, genes characterizing the lytic phase
of EBV (namely BZLF-1/ZEBRA, BMRF-1/Ea-
D, and BHRF-1/Ea-R) have been found also in
BL primary tumors along with the expression of
LMP-1 and LMP2A (non-canonical latency).
Although lytic infection kills the host cell, it also
allows horizontal spread of EBV from cell to cell
and may increase the pool of latently infected
B-lymphocytes from which transformed cells
arise. In particular, lytic genes control replication
and metabolism of neoplastic cells, immune eva-
sion, and transcription of protein involved in neo-
plastic transformation. Though the EBV is highly
associated with the endemic form of Burkitt lym-
phoma, the variation in EBV association among
the different forms and among different countries
makes it difficult to determine the role of the virus
in BL pathogenesis and still no satisfactory expla-
nation of how the EBV participates in its patho-
genesis is provided. EBV may impact on host cell
homeostasis in various ways by interfering with
cellular microRNAs (miRNAs) expression and by
encoding its own genes and miRNAs. The EBV
genome encodes for 45 mature microRNAs, dif-
ferentially expressed among the different latency
programs, being the latency III restricted to
BHRF1 miRNA expression and the latency I and
II to BART. It has been recently demonstrated
that few cellular microRNAs are differentially
expressed between EBV-positive and EBV-
negative BL cases (hsa-miR-7, hsa-miR-501–5p,
hsa-miR-510, hsa-miR-181d, hsa-miR-609,
hsa-miR-574, hsa-miR-197, and hsa-miR142–5b)
and it has been identified a subset of viral micro-
RNAs expressed in EBV-positive BL, all belong-
ing to BART-locus. Of these, BART6–3p
modulates the expression of IL-6 receptor and
PTEN in vitro, thus impacting cell proliferation,
cell death, and immune escape. Moreover, the
association with the EBV seems higher than it
was reported so far. In fact, more sensitive tools
(i.e., viral load measurement, RNAscope assay,
and EBV-encoded detection) are able to identify
EBV infection in a higher percentage of cases,
suggesting a hit-and-run mechanism for EBV-
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induced lymphomagenesis by which the virus
after inducing stable and heritable epigenetic
alterations and silencing of targeted viral genes
in the host cell is completely lost to escape
immune response. Malaria per se is a cofactor of
BL in conjunction with EBV; in fact, malaria
parasites are strong polyclonal stimulators of the
B-cell system, thereby increasing the likelihood of
chromosomal translocations. Moreover, certain
Plasmodium falciparum antigens and exposure
to a large number of antigens during multiple
infections will reactivate the virus from memory
B-cells, thereby increasing viral load and conse-
quently the number of EBV-infected B-cells
in vivo. A small number of other environmental
factors have been proposed as being relevant to
the pathogenesis of BL on the basis of apparent
space–time clusters and enhanced in vitro trans-
formation of EBV. These include arboviruses and
tumor promoters from Euphorbia tirucalli, a plant
used widely in Africa for a variety of purposes
capable of reactivating the EBV lytic cycle in a
dose-dependent manner at dilutions as low as
10�6. Literature by Mannucci et al. shows that
environmental exposure to the latex of Euphorbia
tirucalli could directly activate the EBV lytic
cycle. Moreover, it has been demonstrated that
endemic Burkitt lymphoma (eBL) is associated
with multiple viral infections, including cytomeg-
alovirus, Kaposi sarcoma herpes virus, and human
T-lymphotropic virus 1. Viruses have been identi-
fied by RNA-Seq, nested PCR, and immunohis-
tochemistry in the normal B-lymphocytes,
endothelial cells, stromal cells, and macrophages
localized within the tumors and in the adjacent
reactive lymphoid tissue. These data support the
view that eBL may be considered an infectious/
polymicrobial disease in which the pressure of
antigen plays a key role, and may arise from path-
ogenetic pathways that are partially distinct from
those driving sporadic BL (sBL). Viruses could
contribute to the chronic antigenic stimulation in
which eBL occurs and may also induce EBV lytic
cycle through B-cell reactivation and spreading
EBV infection out of its natural niche of memory
B-cells. eBL may originate from clonal expansion
of EBV-infected IgM memory B-cells following
challenging by antigens (i.e., stimulation of the

Toll-like receptor 9 by Plasmodium falciparum or
additional pathogens). Evidence is accumulating
that activation-induced (DNA-cytosine) deaminase
(AID) expression can be induced regardless of the
stage of B-cell differentiation and also indepen-
dently of germinal center environment, as in
response to some infections. Therefore,MYC trans-
location can also occur independently of germinal
center environment during successive recall
response. Thus, an alternative scenario for eBL
lymphomagenesis can be envisaged. On the other
hand, in sBL, the progressive acquisition of muta-
tions in the TCF3/ID3 genes results in intrinsic
tonic activation of BCR signaling. Nonetheless,
expression of the latency pattern in BL is hetero-
geneous, not only from case to case, but also
within a given case from cell to cell, suggesting
that the tumor is under selective pressure and
needs alternative mechanisms to survive and pro-
liferate. The inverse correlation between the
EBV viral load and the number of somatic muta-
tions observed by some authors suggests that
these mutations may substitute the virus for the
activation of the BCR signaling. In this way,
neoplastic cells may grow in a way that is inde-
pendent from EBV and/or other antigens.
Accordingly, in more evolved tumors, the only
viral genes expressed are those poorly immuno-
genic and non-immunogenic (i.e., EBV-encoded
RNAs-EBER and viral-encoded miRNAs).

Clinical Features

• Incidence
The incidence of BL varies markedly
throughout the world, probably due to differ-
ences in the environment, particularly with
respect to exposure to infectious agents. The
incidence of African BL in children
(0–14 years) is quite variable, ranging from
a few cases per 100,000 to as high as 18 per
100,000. In USA and Europe, the incidence of
BL is probably of the order of 1–3 per
million – considerably lower than that of
equatorial Africa. Three clinical variants of
BL are recognized, which differ in geographic
distribution, clinical presentation, as well as
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association with infectious agents and cell
biology: eBL, sBL, and immunodeficiency
virus-associated BL (ID-BL). eBL occurs in
humid areas of equatorial Africa and Papua
New Guinea at a high frequency, is EBV-
infected in nearly all instances, and malaria,
arbovirus infection, as well as plant tumor
promoters are considered cofactors of
lymphomagenesis. sBL occurs worldwide; it
accounts for 1–2% of adult lymphoma cases
and up to 40% of pediatric lymphoma cases. It
is associated with EBV infection only in 30%
of cases. The third variant, namely the ID-BL,
arises in HIV-infected patients where its
occurrence is often one of the first signs of
the HIV-induced disease and it accounts for
30–40% of non-Hodgkin lymphoma in HIV
patients. EBV is identified in 25–40% of the
cases.

• Age
eBL affects mainly children (median age:
7 years); sBL is predominantly found in
patients with a median age of 30 years
(children 30%, older adults 1%);HIV-BL arises
mainly in the range of 10–19 years.

• Sex
In eBL, the male-to-female ratio is approxi-
mately 2:1; also sBL predominates among
males (M:F ratio 3.7:1), but the ratio varied
by primary anatomical site. The M:F case-
ratio was highest for face or head tumors
(25:1) and lowest for Burkitt cell leukemia
(1.6:1). The M:F ratio for nodal and abdominal
tumors was similar to the overall ratio. In
ID-BL, no difference in sex predilection has
been identified.

• Site
In eBL, the jaws and other facial bones (orbit)
are the site of presentation in about 50% of the
cases. Central nervous system (CNS) may be
affected in 33% of the patients. Distal ileum,
cecum, and/or omentum, gonads, kidneys,
long bones, thyroid, salivary glands, and breast
may also be involved. In sBL, the majority of
the cases presents with abdominal masses
(80%) involving ileocecal region, but also
bone marrow (20% of cases) and lymph node
presentation (more commonly in adults than in

children) can be seen. In ID-BL, nodal and
organ localization, as well as bone marrow
involvement, is frequent.

• Treatment
Intensive intravenous (i.v.) chemotherapy is
the preferred treatment for BL; since the
lymphoma can spread to the fluid surrounding
the brain and spinal cord, chemotherapy drugs
also may be injected directly into the cerebro-
spinal fluid, a treatment known as intrathecal
(i.t.) chemotherapy. The main drugs used in
various combinations for treating BL include
cyclophosphamide (Cytoxan), cytarabine
(Cytosar-U, Tarabine PFS), doxorubicin
(Adriamycin), etoposide (Etopophos, Toposar,
VePesid), methotrexate (Rheumatrex), and
vincristine (Oncovin).

Other treatments may include intensive che-
motherapy in combination with the monoclo-
nal antibody Rituximab (Rituxan), autologous
stem cell transplantation, radiation therapy,
and steroid therapy.

In some cases, surgery may be needed to
remove parts of the intestine that are blocked,
bleeding, or have ruptured.

The following protocols are used by consid-
ering that in high-risk patients the doses are
higher than in low-risk subjects.

CALGB 100022
Cycle 1

Day 1: Triple intrathecal therapy for CNS
prophylaxis

Days 1–5: Cyclophosphamide 200 mg/m2

i.v.
Days 1–7: Prednisone 60 mg/m2 orally

Cycle 2 (beginning days 8, 4, and 6)
Day 1: Triple intrathecal therapy for CNS

prophylaxis
Days 1–5: Ifosfamide 800 mg/m2 i.v. +

dexamethasone 10 mg/m2 i.v.
Day 1: Methotrexate 1.5 g/m2 i.v. (with

leucovorin rescue) + vincristine 2 mg i.v.
Days 4 and 5: Cytarabine 1 g/m2 i.v. +

etoposide 80 mg/m2 i.v.
Day 8: Rituximab 50 mg/m2 i.v. for cycle 2,

then 375 mg/m2 i.v. for cycles 4 and 6
Days 10 and 12 (cycle 2 only): Rituximab

375 mg/m2 i.v.
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Cycles 3, 5, and 7
Day 1: Triple intrathecal therapy for CNS

prophylaxis
Days 1–5: Cyclophosphamide 200 mg/m2

i.v. + dexamethasone 10 mg/m2 i.v.
Day 1: Methotrexate 1.5 g/m2 i.v. + vincris-

tine 2 mg i.v.
Days 4 and 5: Doxorubicin 25 mg/m2 i.v.
Day 8: Rituximab 375 mg/m2 i.v.
Deliver cycles every 21 days

CODOX-M (original or modified)
(cyclophosphamide + doxorubicin + vin-
cristine with intrathecal methotrexate +
cytarabine, followed by systemic metho-
trexate and cytarabine) � rituximab
Day 1: Cyclophosphamide 800 mg/m2 i.v. +

doxorubicin 40 mg/m2 i.v.
Days 2–5: Cyclophosphamide 200 mg/m2/

day i.v.
Days 1 and 3: Cytarabine 70mg intrathecally
Days 1 and 8: Vincristine 1.5 mg/m2 i.v.
Day 10: Methotrexate 1200 mg/m2 i.v. over

1 h, then 240 mg/m2/h continuous
i.v. infusion for the next 23 h

Day 11: Leucovorin 192 mg/m2 i.v. 36 h
after initiation of methotrexate, followed
by leucovorin 12 mg/m2 i.v. every 6 h
until methotrexate level < 5 � 10�8 M

Day 13: G-CSF 5 mg/kg SC daily beginning
24 h after initiation of leucovorin until
absolute granulocyte count �1 � 109/L

Day 15: Methotrexate 12 mg intrathecally
Day 16: Leucovorin 15 mg orally given

24 h after intrathecal methotrexate, �
Day 1: Rituximab 375 mg/m2 i.v.
Repeat cycle every 21 days for 3 cycles.

Dose-adjusted EPOCH (etoposide + predni-
sone + vincristine + cyclophospha-
mide + doxorubicin) + intrathecal
methotrexate + rituximab
Day 1: Rituximab 375 mg/m2 i.v.
Days 1–4: Etoposide 50 mg/m2 continuous

i.v. infusion + doxorubicin 10 mg/m2

continuous i.v. infusion + vincristine
0.4 mg/m2 continuous i.v. infusion

Days 1–5: Prednisone 60 mg/m2 orally
twice daily

Day 5: Cyclophosphamide 750 mg/m2 i.v.

Day 6: G-CSF 300 mg administered until
ANC >5,000cells/mL

Days 1 and 5 (cycles 3–6): Methotrexate
12 mg intrathecally

Repeat cycle every 3 weeks for 6 cycles.
HyperCVAD (cyclophosphamide + vincristine +

doxorubicin + dexamethasone alternating
with high-dose methotrexate and cytarabine)

Cycles 1, 3, 5, and 7 – HyperCVAD
Days 1–3: Cyclophosphamide 300 mg/m2

i.v. every 12 h for 6 doses + mesna
600 mg/m2 continuous i.v. infusion

Days 4 and 11: Vincristine 2 mg i.v.
Day 4: Doxorubicin 50 mg/m2 i.v.
Days 1–4 and days 11–14: Dexamethasone

40 mg i.v. daily
Days 1 and 11 (cycles 1 and 3 only):

Rituximab 375 mg/m2 i.v.
Cycles 2, 4, 6, 8 – High-dose methotrexate and

Cytarabine
Day 1: Methotrexate 1 g/m2 i.v. over 24 h
Days 2 and 3: Cytarabine 3 g/m2 i.v. every

12 h for 4 doses
Days 2 and 8 (cycles 2 and 4): Rituximab

375 mg/m2 i.v.
Repeat every 3 weeks for 8 cycles.
African Institutions adopt the International

Network for Cancer Treatment and Research
(INCTR) 03–06 protocol which consists of a
first-line (FL) regimen for newly diagnosed,
previously untreated patients, and a second-
line (SL) regimen for patients who failed to
respond to FL or who had an early relapse
(relapsed after achieving a complete response
either during FL or within 6 weeks from the
completion of FL). Late relapses were defined
as those that occurred more than 6 weeks from
the completion of FL. Patients who had late
relapses were retreated with FL therapy, but
were eligible for SL therapy if they developed
progressive disease (an increase of 25% in the
diameter of the tumor) at any time after the
initiation of repeat FL therapy.

In FL, the following drugs are used: Cyclo-
phosphamide (1200 mg/m2 i.v., day 1), Vin-
cristine (1.4 mg/m2, i.v., day 1), Methotrexate
(75 mg/m2, i.v., day 1), Methotrexate (12 mg,
IT days 1 and 8), and Cytarabine (50 mg, IT,
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day 4). Each cycle subsequent to the first is
given every 15 days; high-risk patients receive
a total of 6 cycles and low-risk, 3 cycles;
i.t. therapy is given in all 6 cycles for patients
with CNS disease.

In SL, Etoposide (60 mg/m2, i.v., days 1–3),
Ifosfamide (1500 mg/m2, i.v., days 1–3), Mesna
(300 mg/m2, i.v. with Ifosfamide, then �
3 doses every 3 h post Ifosfamide, days 1–3),
Cytarabine (100 mg/m2, i.v., days 1–3),
Cytarabine (50 mg. i.t., day 4), andMethorexate
(12 mg, i.t., days 1 and 8) are given. Each cycle
subsequent to the first was given every 21 days
and patients received a total of 4 cycles.

• Outcome
BL is a highly aggressive but potentially treat-
able tumor. However, the outcome of the
patients depends on a series of adverse prog-
nostic factors: advanced stage disease, bone
marrow and central nervous system involve-
ment, unresected tumor >10 cm in diameter,
and high LDH serum levels. In children, inten-
sive chemotherapy usually cures BL leading to
long-term survival rates of 60–90%. In adult
patients, results are more variable; overall, pro-
mpt treatment is associated with long-term sur-
vival rates of 70–80%. African patients have
shown a survival of no more than 10–20% until
recently; however, after the introduction of the
INCTR protocol, overall survival rates in Afri-
can Institutions has improved, ranging at the
present from 62% to 67%.

A better understanding of the mechanisms
involved in BL pathogenesis will hopefully
lead to identify molecules that may be targeted
by pharmacologic compounds (i.e., inhibitors
of BCR pathway downstream genes, EBV vac-
cines, microenvironment modulators). Such an
approach, by reducing side effects and by
increasing clinical response, may finally
improve patients’ outcome.

Macroscopy

Grossly, the head localization shows disruption of
teeth, ulcerative, and draining lesions of the jaw
and partial obstruction of airway. The abdominal

involvement presents as a huge mass with thick-
ening of intestinal wall and hemorrhage, often
associated with multiple polypoid lesions.
Affected lymph nodes are enlarged, with a smooth
surface. The cut surface is usually yellow-white to
pearl gray and shows fish-meat like appearance.
Necrotic focus can be seen.

Microscopy

Histologically, the lymph node architecture is
effaced by a proliferation characteristically dif-
fused with a distinct starry sky pattern evident at
low-power magnification. This feature imparts a
“moth-eaten” appearance due to the presence of
many benign phagocytic histiocytes engulfing the
nuclear debris that results from the apoptosis of
BL cells. Although the numerous mitoses and
high proliferative rate of BL have long been rec-
ognized, this tumor also has a significant compo-
nent of cells undergoing apoptosis. The cells are
round, medium-sized, with monotonous and
somewhat uniform appearance, and often seem
cohesive. A so-called squaring off of the cyto-
plasm may be encountered, as the cell border
appears to abut one another. The nuclei are uni-
form and round to oval shaped. The chromatin is
clumped, with relatively clear parachromatin and
two to five small, centrally located, basophilic
nucleoli (Fig. 1). There is a moderate amount of
deeply basophilic cytoplasm that frequently con-
tains lipid vacuoles that are best seen in imprint
preparations (Fig. 2). However, the morphologic
spectrum of BL is wider than once thought. Thus,
some degree of nuclear irregularity or variations
in cell size and shape are accepted for a diagnosis
of BL. Atypical morphology may be more com-
mon in adult than in pediatric patients and is more
often associated with human immunodeficiency
virus (HIV) infection (i.e., plasmacytoid appear-
ance) and with nodal disease.

Immunophenotype

The tumor cells typically express moderate to
strong membrane IgM with light chain restriction,
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B-cell antigens (CD19, CD20, CD22, CD79a, and
PAX5), and germinal center markers (CD10 and
BCL6). CD38, CD77, and CD43 are also fre-
quently positive. Almost all BLs have strong
expression of MYC protein in most cells. The
proliferation rate is very high, with nearly 100%

of the cells positive for Ki-67. The characteristic
cytoplasmic lipid vesicles can also be demon-
strated by immunohistochemistry on paraffin-
embedded tissue sections using a monoclonal
antibody against adipophilin. There are very few
infiltrating T cells. TCL1 is strongly expressed in

Burkitt Lymphoma, Fig. 1 Histological features of
Burkitt lymphoma: the typical starry sky pattern (arrows,
black) and the high mitotic rate (arrows, white) is shown

(From left to right: hematoxylin and eosin, original mag-
nification: 5x, 10x, 20x, 40x)

Burkitt Lymphoma, Fig. 2 Giemsa stain cytological (left) and morphological (right) features of Burkitt lymphoma
(Original magnification: left, 63x; right, 20x)
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most pediatric BLs. The neoplastic cells are usu-
ally negative for CD5, CD23, CD138, BCL-2, and
TdT. The immunophenotype may be more vari-
able in sporadic BLs in older patients. Aberrant
phenotypes, such as CD5 expression, lack of
CD10, or weak BCL-2 expression in a variable
number of cells, have been described in these
cases. However, high BCL-2 expression should
suggest the presence of an additional BCL-2
breakpoint consistent with high-grade B-cell lym-
phoma with MYC and BCL-2 and/or BCL-6
rearrangements. Unlike in B-lymphoblastic leuke-
mia, the blasts of Burkitt leukemia have a pheno-
type similar to that of typical BL. However,
approximately 2% of otherwise classic pediatric
Burkitt leukemias with a t(8;14)(q24;q32) or
variant translocation involving MYC have a
phenotype of precursor B-cells, with expression
of TdT and sometimes CD34, and absence of
CD20 and surface immunoglobulin expression
(Fig. 3).

Despite the well-known morphological and
immunohistochemical features, none of the
above parameters can be singly used for the diag-
nosis of BL. In fact, about 20% of BL cases show

an atypical morphology and very weak and het-
erogeneous expression of BCL2 or CD10 nega-
tivity. Identifying BL in these cases remains a
challenge; however, considering the improve-
ments in therapeutic options for adult aggressive
B-cell lymphomas, the distinction of BL from
diffuse large B-cell lymphoma (DLBCL) and
other lymphomas still remains extremely critical.
Some scoring systems have been proposed to
assist in the differential diagnosis between BL
and similar lymphomas.

Molecular Features

At the molecular level, the most consistent factor
implicated in the pathogenesis of BL is the trans-
location of the MYC gene (located at the chromo-
some region 8q24) next to one of the
immunoglobulin gene (IG) loci, predominantly
the heavy chain (IGH) locus at the chromosome
region 14q32 or the light chain kappa (IGK) locus
at 2p12 and the light chain lambda (IGL) at 22q11.
Most breakpoints originate from aberrant somatic
hypermutation mediated by the activity of

Burkitt Lymphoma, Fig. 3 Immunohistochemical features of Burkitt lymphoma (From left to right: CD20 and CD10
positivity; BCL-2 negativity; Ki-67 > 95%; Original magnification: 10x)
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activation-induced cytidine deaminase, in contrast
to the previous assumption that they were derived
from aberrant VDJ gene recombination, and the
translocation primarily involves the switch
regions of the IGH locus. In sporadic and
immunodeficiency-associated BL, most
breakpoints are nearby or within MYC, whereas
in endemic cases, most breakpoints are dispersed
over several hundred kilobases further upstream
of the gene. As a result, control of normal MYC
expression is lost, leading to the constitutive
expression of the MYC protein (Fig. 4). The prod-
uct of the MYC gene, MYC, is a global regulator
of transcription that affects thousands of genes
involved in cell cycle control, cell proliferation,
metabolism, regulation of RNA processing,
microRNA expression, signal transduction,
cell–cell interaction, immune function, and apo-
ptosis. Most importantly, the MYC protein is not
only a potent inducer of proliferation, it also
induces as a fail-safe mechanism for a large num-
ber of proapoptotic genes and inhibits expression
of antiapoptotic ones, thereby inducing apoptosis
or predisposing cells to apoptosis. As a conse-
quence, MYC-driven tumors usually have
acquired additional genetic mutations or epige-
netic modifications that promote cell survival
and shift the balance between proliferation and
apoptosis toward proliferation. In this regard, the
low NF-kB profile in MYC-driven lymphomas

could reflect the normal differentiation program
of GC-derived B-cells and provides a selective
advantage to MYC-transformed lymphomas.
MYC translocations are not specific for BL, and
may occur in other types of lymphomas.

Two pivotal studies by Staudt and Dave and
Hummel et al., aimed to unravel differences
among different lymphoma entities, have revealed
the existence of about 10% of BL cases with gene
expression profiling (GEP) comparable with the
classical ones, but with the absence of the typical
translocation. These cases were negative forMYC
translocation by FISH analysis, using both split
and fusion probes for t(8;14), as well as IgH and
IgL split probes. Although none of the techniques
currently used to diagnose genetic changes can
unambiguously rule out all MYC translocations,
it might be postulated that additional alternative
mechanisms to chromosomal translocations,
which could result in MYC deregulation, also
exist. Among these, a deregulated expression of
microRNAs (miRNAs) may represent one of the
mechanisms leading to MYC overexpression in
BL cases lacking an MYC translocation, through
either a direct or indirect mechanism as demon-
strated by Leucci et al. and Onnis et al. The
abovementioned studies have revealed that BL
has a unique gene expression profile, distinct
from those of other B-cell non-Hodgkin lympho-
mas (B-NHL) and, especially, from that of diffuse

Burkitt Lymphoma, Fig. 4 Molecular hallmark of Burkitt lymphoma. MYC gene translocation by FISH analysis,
break-apart probe
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large B-cell lymphoma (DLBCL). In particular, in
BL, the MYC and the target gene signature were
increased, whereas NF-kB target genes and MHC
class I genes were expressed at very low levels.
BL differs from DLBCL also by a strong and
characteristic microRNA (miRNA) signature that
is enriched in miRNAs targeted by MYC and
NF-kB pathways as suggested by Lenze et al.
Although all BLs have similar phenotype and
MYC translocation, the three subtypes diverge in
the leading pathogenetic mechanisms. A gene
expression analysis of BL subtypes by Piccaluga
et al. has shown that eBL and HIV-BL had almost
identical GEPs, whereas sBL cases were rela-
tively more different. Of note, differences
between eBL and sBL regarding significant path-
ways, such as B-cell receptor (BCR), TNF/
NF-kB, and interleukin-dependent intracellular
cascades, possibly reflect the different clinical
contests. In fact, because eBL is known to have
an onset in a contest of chronic antigen stimula-
tion (EBV, malaria, and arbovirus infections), it
was not surprising that its molecular signature
included many genes involved in immune
response regulation. Additional chromosomal
abnormalities may also occur in BL, including
gains of 1q, 7, and 12 and losses of 6q,
13q32–34, and 17p, that may play a role in the
progression of the disease.

Next-generation sequencing studies by Love
et al., Richter et al., and Schmitz et al. have
revealed the importance of the B-cell receptor
signaling pathway in the pathogenesis of
BL. Mutations of the transcription factor TCF3
(also known as E2A) and/or its negative regulator
ID3 have been reported in about 70% of sporadic
BL cases. These mutations activate B-cell recep-
tor signaling, which sustains BL cell survival by
engaging the PI3K pathway. Other recurrent
mutations, in CCND3, TP53, RHOA,
SMARCA4, and ARID1A, occur in 5–40% of
BLs. In addition, mutations of MYC, DDX3X,
and CCNF have been identified by Abate and
Ambrosio et al. and Amato et al. Both the number
of mutations overall and the proportion of cases
with mutations in TCF3 or ID3 are lower in
endemic than sporadic BL.

Starting by the pivotal research on adipophilin
expression in BL, Ambrosio et al. have
performed a study on the metabolic repro-
gramming in a large cohort of aggressive B-cell
lymphomas, including BL. They found high
expression of HIF-1 alpha, FASN, adipophilin,
and PPARG in BL, providing evidence of com-
bined/overlapping effects of EBV and MYC on
lipid metabolism in lymphoma cells and propos-
ing lipidic metabolism as a reliable target for
additional therapies.

Differential Diagnosis

No single parameter, such as morphology, genetic
analysis, or immunophenotyping, can be used as
the gold standard for diagnosis of BL and a com-
bination of several diagnostic techniques is
necessary.

In the suspicion of BL, if the morphology and
the immunophenotype is consistent with the diag-
nosis of BL and MYC is more than 80%, FISH
should be avoided. In those cases with atypical
morphology and/or immunophenotype and with
MYC less than 80%, FISH forMYC, BCL-2,BCL-
6, and 11q is mandatory for differential diagnosis
with high-grade B-cell lymphoma with MYC and
BCL-2 and/or BCL-6 rearrangements, high grade
B-cell lymphoma, NOS, and Burkitt-like lym-
phoma with 11q abnormality.

The main entities in the differential diagnosis
of BL are other types of high-grade B-cell lym-
phoma; this problem is most pertinent for adults
rather than children.

Lymphoblastic lymphoma (LL) may be histo-
logically similar to BL; however, LL often pre-
sents in mediastinal or cutaneous site. It is
characterized by fine chromatin and scant cyto-
plasm and expresses TdT virtually in all cases,
whereas no MYC translocation is identifiable.

Mantle cell lymphoma (especially the blastoid
variant) is rare under 30 years; it can be easily
distinguished from BL for the absence or scattered
histiocytes and by immunohistochemistry as it
typically stains strongly for CD5 and cyclin D1,
unlike BL.
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Diffuse large B-cell lymphoma (DLBCL) often
affects adult. It is characterized by heterogeneous
cells with vesicular chromatin and a few promi-
nent nucleoli. BCL-2 is often positive and Ki-67 is
moderately high. Even with detailed analysis,
there remain a small number of cases of high-
grade B-cell lymphoma with morphologic fea-
tures that are intermediate between those of BL
and diffuse large B-cell lymphoma, and with an
immunophenotype that is similar or identical to
that seen in BL, sometimes with cytogenetic
abnormalities overlapping those seen in BL. This
entity is defined in the last WHO classification as
B-cell lymphomas unclassifiable with features
intermediate between DLBCL and BL.

Plasmablastic lymphoma (PBL) may mimic
BL especially in HIV setting; however, PBL is
typically CD20 negative. High-grade B-cell lym-
phoma, NOS, is a heterogeneous category of clin-
ically aggressive mature B-cell lymphomas that
lack MYC plus BCL-2 and/ or BCL-6
rearrangements and do not fall into the category
of diffuse large B-cell lymphoma (DLBCL),
NOS, or BL. However, they do share some mor-
phological, immunophenotypic, and genetic fea-
tures with these lymphomas.

Burkitt-like lymphoma with 11q aberration is a
subset of lymphomas identified by several recent
studies that resemble BL morphologically, to a
large extent phenotypically, and in terms of micro-
RNAs and gene expression profile, but that lack
MYC rearrangements. Instead, they have a chro-
mosome 11q alteration characterized by proximal
gains and telomeric losses: specifically, interstitial
gains including a minimal region of gain in
11q23.2–23.3 and losses of 11q24.1-ter.
A number of nonlymphoid neoplasms, compris-
ing in the so-called small round blue cell tumors
category may enter in differential diagnosis with
BL as they mainly affect children. This group of
cancer includes neuroblastoma, Ewing’s sarcoma/
peripheral neuroectodermal tumor, Wilms’ tumor,
desmoplastic small-round-cell tumor, medullo-
blastoma, rhabdomyosarcoma, and retinoblas-
toma. In all these cases, immunohistochemistry
and molecular biology are fundamental in dis-
criminating the correct diagnosis.
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Synonyms

Angiomatous lymphoid hamartoma;
Angiofollicular hyperplasia; Giant lymph node
hyperplasia

Definition

Castleman disease (CD) was first described by
Benjamin Castleman in 1954 and consists of a
heterogeneous group of disorders that share sim-
ilar histomorphologic features and are clinically
separated into two broad categories: unicentric
Castleman disease (UCD) and multicentric
Castleman disease (MCD). UCD patients present
with a single enlarged lymph node or a tightly
localized group of lymph nodes, while MCD
patients typically present with multifocal lymph-
adenopathy associated with systemic symptoms
including fatigue, fever, night sweats, and weight
loss. UCD can further be divided into two or three

morphologic variants: the hyaline vascular variant
and plasma cell variant, with some texts including
a mixed variant. Patients with the hyaline vascular
variant of UCD typically lack systemic symp-
toms, while those with the plasmacytic variant
often present with systemic symptoms similar to
those in MCD, but in contrast to MCD, symptoms
resolve with excision of the involved lymph
node(s). Patients with UCD showing mixed hya-
line vascular and plasmacytic morphology are not
as well characterized, but their existence is con-
sidered evidence that the hyaline vascular variant
and plasma cell variant are two ends of a spectrum
rather than two distinct entities.

Similar to UCD, MCD can present with hya-
line vascular-like morphology, plasmacytic mor-
phology, or mixed morphology, although the
plasmacytic morphology is more common in
MCD. Unlike UCD, however, MCD is subtyped
based on the presence or absence of an identifi-
able cause for the clinical and pathologic find-
ings. The major known cause of MCD is
infection by human herpesvirus-8 (HHV8), also
known as Kaposi sarcoma associated herpesvi-
rus (KSHV), typically occurring in immunocom-
promised patients. Many HHV8-associated
MCD patients are also infected by the human
immunodeficiency virus (HIV), but patients
infected with HHV8 appear to have a similar
clinical course regardless of HIV coinfection.
MCD with no known etiology is termed idio-
pathic MCD (iMCD), which currently includes
all non-HHV8 infected MCD patients. Within
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this category is a group of patients with a com-
bination of findings including thrombocytope-
nia, anasarca, fever, fibrotic bone marrow, and
organomegaly, which has come to be known as
the TAFRO syndrome. Another entity called
POEMS (polyneuropathy, organomegaly, endo-
crinopathy, monoclonal plasma cell disorder,
skin changes) syndrome displays significant
overlap with MCD and can be present in both
HHV8+ and HHV8-MCD. It is important to note
that several unrelated diseases can cause
Castleman-like histopathology, such as autoim-
mune diseases, malignancy, and infections; it is
currently recommended that such disorders be
excluded before a diagnosis of CD is rendered
(Fajgenbaum et al. 2017).

Clinical Features

• Incidence
The incidence of CD is not well established but
has been estimated to be approximately 7000
patients in the United States per year: approx-
imately 77% UCD and 23% MCD (Munshi
et al. 2015). Approximately 85% of UCD
cases are of the hyaline vascular variant
(Wang et al. 2016). Of the MCD cases, roughly
one half to two-thirds of cases are HHV8 asso-
ciated, with the remainder falling into the
iMCD category (Liu et al. 2016). Approxi-
mately, 34% of MCD patients and 2% of
UCD patients have associated POEMS syn-
drome (Dispenzieri et al. 2012). See Fig. 1 for
an estimate of the relative incidences of spe-
cific CD subtypes.

• Age
There is a wide age distribution among CD
patients, with young adults affected most fre-
quently in UCD, and MCD displaying an older
median age (fifth to sixth decade) (Casper
2005). HIV+ patients with MCD are younger
than HIV- MCD patients, with an age range
similar to the general HIV+ population.

• Sex
UCD: There is no sex predilection.

MCD: Males are slightly more frequently
affected than females in some studies.

• Site
UCD affects in order of frequency: lymph
nodes of the chest, neck, abdomen and
retroperitoneum, followed by axilla, groin, and
pelvis (Talat et al. 2012). Primary organ involve-
ment is infrequent but most commonly seen in
the spleen and parotid gland. MCD involves
similar sites, although biopsies are more fre-
quent in the axilla, neck, abdomen, and groin.
By definition, MCD involves more than one
site; however, a dominant focus of disease can
be present with relatively mild involvement at
other sites. In addition to lymphadenopathy,
MCD patients often present with splenomegaly,
hepatomegaly, pulmonary symptoms, bone
marrow plasmacytosis (also reported in UCD),
edema, ascites, and/or pleural effusions.
TAFRO syndrome patients additionally display
reticulin fibrosis in the bone marrow.

• Treatment
UCD: The treatment of choice for UCD is
surgical excision of the affected lymph node

UCD-HV (65%)UCD-PC (12%)

HHV8+ MCD
 (13%)

iMCD
(10%)

Castleman Disease, Fig. 1 Estimated relative inci-
dences of Castleman disease subtypes. Mixed variant of
unicentric Castleman disease with hyaline vascular and
plasma cell features is not included as this variant is incon-
sistently reported in the literature and unambiguous defin-
ing criteria are lacking. HHV8+ MCD human herpesvirus
8 associated Castleman disease, iMCD idiopathic multi-
centric Castleman disease, UCD-HV hyaline vascular var-
iant of unicentric Castleman disease, UCD-PC plasma cell
variant of unicentric Castleman disease
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(s)/tissue. In cases of unresectable disease,
radiotherapy or therapy similar to that in
MCD may be considered.

MCD: Optimal treatment strategies for
patients with MCD are not clear due to the
paucity of clinical trials and rarity of the dis-
ease. The antiviral ganciclovir is recommended
in HHV8 positive patients, along with antire-
troviral therapy for those concurrently infected
with HIV. Since the discovery of the role for
IL-6 in CD (see molecular features section
below), anti-IL-6 antibodies have shown effi-
cacy in treating a significant subset of patients
with iMCD, and anti-gp80 (IL-6 co-receptor)
antibodies have shown promising results. For
both iMCD and HHV8-associated MCD
patients, additional combinations of agents
including anti-CD20 antibodies and steroids
may be helpful. For patients refractory to
other therapies and/or with severe symptoms,
single agent cytotoxic chemotherapies such as
etoposide or vinblastine, or multi-agent che-
motherapy such as cyclophosphamide, doxo-
rubicin, vincristine, and prednisone (CHOP)
may be utilized. Because therapies are con-
stantly evolving as new evidence is collected,
the most recent literature should be reviewed
before determining the most appropriate treat-
ment. Enrolment in a clinical trial is highly
encouraged.

• Outcome
The majority of UCD patients are cured after
complete excision, although mortality has been
reported in a subset of patients. One study
showed an overall 5-year survival of 91%
(Dispenzieri et al. 2012), while another reported
10-year mortality of approximately 5% (~95%
10-year survival) associated with involvement
of the following sites: retroperitoneum (11%
mortality, n = 36), abdomen (2.4% mortality,
n = 41), neck (1.8% mortality, n = 51), axilla
(0% mortality, n = 13), groin (0% mortality,
n = 4), and pelvis (0% mortality, n = 5) (Talat
et al. 2012). The clinical course of patients with
MCD is variable with a spectrum ranging from
rapidly fatal to years of being relatively asymp-
tomatic with only occasional flares. In one
study, 5-year and 10-year overall survival in

MCD was 65% and ~40%, respectively
(Dispenzieri et al. 2012), while another reported
10-year mortality of approximately 38% (~62%
10-year survival) among MCD patients under-
going resective surgery involving the following
anatomic sites: mediastinum (57.1% mortality,
n = 7), groin (50% mortality, n = 2), abdomen
(48% mortality, n = 25), pelvis (33.3% mortal-
ity, n = 3), retroperitoneum (16.7% mortality,
n = 6), axilla (0% mortality, n = 4), and neck
(0% mortality, n = 3) (Talat et al. 2012). There
was no significant difference in mortality
between MCD patients undergoing resective
surgery and MCD patients without resective
surgery in this study. Among MCD patients,
those with POEMS syndrome without
osteosclerotic bone lesions have been associ-
ated with worse prognosis (27% 5-year overall
survival), while those with POEMS syndrome
and the presence of osteosclerotic bone lesions
had 5-year survival rates similar to UCD
(Dispenzieri et al. 2012). MCD associated
with HHV8 generally has a poor prognosis
(median survival of approximately 1 year). For
both UCD and MCD, hyaline vascular mor-
phology is associated with a slightly better
prognosis than plasma cell variants. HHV8+
MCD patients have increased risk for Kaposi
sarcoma and primary effusion lymphoma, both
of which are HHV8-associated malignancies.
There is also a threefold increased risk for
malignancy in patients with iMCD, though the
temporal and causal relationship between
iMCD and the various malignancies is unclear.

Macroscopy

Involved lymph nodes are typically enlarged.

Microscopy

Hyaline Vascular Morphology
As the name implies, there is hyalinization seen
within the lymph node, most prominently within
germinal centers and along vasculature. Many, if
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not all, germinal centers appear atretic/regressed
with lymphocyte depletion (Fig. 2a) often leaving
prominent follicular dendritic cells (Fig. 2b). Vas-
cular proliferation is prominent, both within
interfollicular areas (Fig. 2c) and as vessels pene-
trating germinal centers (conferring a “lollipop”
appearance, Fig. 2b). Additionally, expanded
mantle zones with concentric rimming (“onion-
skinning”) is frequently seen (Fig. 2d), as is “twin-
ning” of germinal centers characterized by two or
more, often regressed and sometimes merging,
germinal centers surrounded by a continuous
mantle zone. Not all of these features need to be
present for diagnosis.

Plasmacytic Morphology
Numerous plasma cells (often forming sheets) are
present, typically between hyperplastic and occa-
sionally regressed germinal centers (Figs. 3a, b).
HHV8+ MCD often shows scattered or clustered

large plasmablasts within the mantle zone (Fig. 4a).
Sheets of large HHV8+ plasmablastic cells in a
patient with MCD would warrant a diagnosis of
large B-cell lymphoma arising in HHV8-associated
MCD. CD specimens with plasmacytic morphol-
ogy often display some of the features associated
with hyaline vascular morphology, but these fea-
tures are relatively mild and if prominent would
warrant consideration as “mixed” morphology.

Mixed Morphology
Sheets of plasma cells are seen in addition to
prominent hyaline vascular morphology.

Immunophenotype

In HHV8-associated MCD, LANA1 antibody
stains HHV8 infected cells, which can include
B cells, endothelial cells, follicular dendritic

Castleman Disease, Fig. 2 Unicentric Castleman dis-
ease, hyaline vascular variant. Hematoxylin and eosin-
stained sections (H&E) at 2.5� magnification (a) and
20� magnification (b-d). Many regressed hyalinized ger-
minal centers with follicular dentritic cell prominence are

apparent (a, b). Vessels can occasionally be seen penetrat-
ing into germinal centers (b). An interfollicular vascular
proliferation is present (c). Some follicles display
expanded mantle zones with concentric rimming (“onion-
skinning”) (d)
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cells, monocytes, and often plasmablasts residing
in the mantle zones (Fig. 4b). Plasma cells in CD
are usually polytypic by kappa and lambda immu-
nohistochemistry or in situ hybridization but can

be monotypic, even in the absence of POEMS
syndrome (Figs. 4c, d). Of note, plasmablasts in
HHV8-associated MCD are usually lambda
restricted in protein expression but are polyclonal

Castleman Disease, Fig. 3 Unicentric Castleman dis-
ease, plasma cell variant. Hyperplastic or sometimes
regressed germinal centers are separated by numerous

plasma cells (H&E at 10� [A] and 40� [B]). Lymph
nodes from multicentric Castleman disease patients often
display a similar appearance

Castleman Disease, Fig. 4 HHV8-associated multi-
centric Castleman disease. (a) Vessels can be seen pene-
trating into a somewhat regressed germinal center
surrounded by a mantle zone containing a few large cells
(H&E, 20� magnification). (b) LANA-1 immunohisto-
chemistry highlights HHV8-infected cells largely within

the mantle zone (20� magnification). Lambda restriction
can be seen in similar cells within themantle zone by kappa
(c) and lambda (d) immunohistochemistry (20� magnifi-
cation). These cells did not stain for CD138, although
lambda-biased CD138 positive plasma cells were preva-
lent in interfollicular regions

Castleman Disease 103

C



by PCR analysis. T cell and B cell markers reveal
relatively normal distribution and
immunophenotype of T cells and B cells, with
decreased lymphocytes in regressed follicles.
CD21, CD23, and CD35 highlight prominent fol-
licular dendritic cells in regressed follicles.

Molecular Features

CD has not been associated with specific recurrent
molecular genetic aberrations, although the dis-
ease is difficult to study because of a combination
of low prevalence and disease heterogeneity.
Some studies suggest clonal proliferation of stro-
mal or follicular dendritic cells in hyaline vascular
CD, and occasional CD cases (more frequently
PC variant) are positive for B cell clones by
PCR analysis of the immunoglobulin heavy
chain locus. The identification of HHV8 as a
cause for CD in a significant subset of CD patients
has provided a nidus for investigation into the
pathogenesis of both HHV8+ and HHV8-
CD. HHV8 is expert at promoting inflammatory
cytokine release, and even encodes a homolog of
human interleukin-6 (IL-6). Substantiating a path-
ogenic role for IL-6 in CD is the fact that many
HHV8+ and HHV8- MCD patients respond to
therapy inhibiting IL-6 signaling. A potential
genetic cause of increased IL-6 was reported in a
MCD patient with significantly elevated IL-6
levels and translocation t(7;14)(p22;q22) involv-
ing the IL-6 locus, raising the possibility that at
least some iMCD patients may have genetic aber-
rations leading to CD (Nakamura et al. 1993).
Approximately two-thirds of iMCD patients do
not respond to IL-6; however, highlighting the
need to search for other mechanisms of pathogen-
esis will hopefully point to new therapies.

Differential Diagnosis

Many disease entities can display variable aspects
of Castleman-like features, including autoim-
mune/inflammatory disorders, infections, and
neoplastic conditions (Fajgenbaum et al. 2014).
Many of these entities can display some of the

features seen in hyaline vascular change, although
typically not as prominently as in true CD. Any
disease leading to increased plasma cells can
mimic the plasmacytic morphology in CD,
including plasma cell neoplasms, B cell neo-
plasms with plasmacytic differentiation, IgG4
related disease, autoimmune disorders such as
rheumatoid arthritis, and infectious organisms
such as syphilis. Most of these entities, if present
at the time Castleman-like features are discovered,
should exclude a diagnosis of CD. Some entities
have been reported to co-occur with CD
(especially autoimmune diseases and POEMS
syndrome) and thorough evaluation of clinical,
laboratory, and histologic features utilizing diag-
nostic criteria recently published (Fajgenbaum
et al. 2017) will be required to determine whether
a concurrent diagnosis of CD is warranted and CD
targeted therapy is justified.
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Cat Scratch Lymphadenitis
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Synonyms

Cat scratch disease (CSD)

Definition

Cat scratch disease (CSD) is most commonly
a self-limited, regional lymphadenitis that pre-
sents following contact with a cat, particularly
a young cat. The classic presentation is a papular
lesion at the site of a cat scratch or bite, which is
followed approximately 1–2 weeks later by
regional lymphadenopathy.

In addition to lymphadenopathy, patients may
present with a low-grade fever and fatigue.
A minority of patients may have hepatosple-
nomegaly, rash, anorexia, or hemolytic anemia.
In children, CSD should be included in the differ-
ential diagnosis of fever of unknown origin. In
immunocompromised patients, the disease can
become systemic with multiorgan involvement.
Parinaud’s oculoglandular syndrome (unilateral

conjunctivitis with preauricular lymphadenopa-
thy) can develop when the bacteria are introduced
into the patient’s eye. Encephalitis may rarely
occur.

While the disease was originally described in
the 1930s, the infectious agent was not identified
until the 1980s. The most frequently implicated
bacterium, Bartonella henselae, is a small gram
negative rod transmitted between cats by fleas,
and by cats to humans by a bite or scratch. Other
species of Bartonella, as well as Afipia felis, have
also been linked to the disease.

Clinical Features

• Incidence
CSD is estimated to affect 6–10 in 100,000
people, although this may be an underesti-
mate as many patients likely never come to
medical attention. More than 90% of affected
patients report some cat exposure, and 75%
report a recent cat scratch or bite. In temperate
climates, the incidence is highest in the fall
and winter. Bartonella henselae bacteremia
has been found in nearly half of all cats in
the San Francisco bay area, but the organism
lives within the feline red blood cells without
causing illness in the cats. Young cats and
formerly stray cats are more likely to be bac-
teremic than older or lifelong pet cats
(Koehler and Duncan 2005).

• Age
80 % of patients with CSD are <21 years old.
Older patients are more likely to present with
atypical disease that may suggest other causes
of lymphadenopathy (such as lymphoma),
which may present more difficulties in the dif-
ferential diagnosis

• Gender
There is no gender predilection, but women
affected by CSD are approximately two
times more likely to develop arthropathy
than men.

• Site
The lymphadenopathy typically involves
nodes proximal to the cat scratch or bite,
most commonly the axillary nodes; however,
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cervical, supraclavicular, or inguinal lympha-
denopathy are not uncommon. The initial dif-
ferential diagnosis in any patient (especially
a child), presenting with lymphadenopathy in
a site that drains the skin should include
CSD. Rarely, the liver or spleen can be
involved, and such patients often also have
abdominal lymphadenopathy; generalized sys-
temic disease occurs in only 1–2 % of affected
patients.

• Treatment
In localized disease in immunocompetent
patients, the disease is self-limited with resolu-
tion in 1–4 months, and antibiotic therapy is
generally not indicated. However,
azithromycin may be effective, based on data
that show significant decrease in lymph node
size within 1 month in azithromycin-treated
patients compared to those receiving placebo
(Bass et al. 1998). Antibiotic therapy (at least
a 6-week course of a macrolide or doxycy-
cline) is generally used for patients who are
immunocompromised or have disseminated
disease (Koehler and Duncan 2005; Margileth
2000).

• Outcome/Prognosis
In immunocompetent patients, the disease
is self-limited and often resolves within 1
month, although it has been reported to
persist for as long as 3 years. In immun-
osuppressed patients, the disease can pro-
gress to a severe, systemic illness with
multiorgan involvement requiring antibiotic
therapy.

Gross Pathology

Lymph nodes involved by CSD are enlarged, typ-
ically 1–5 cm but can be as large as 10 cm;
patients often show erythema of the overlying
skin. Close examination of an excised lymph
node may reveal irregular, yellow foci on the cut
surface, corresponding to the areas of necrosis
(Fig. 1).

Microscopic Pathology

The morphology of lymph nodes excised in CSD
varies depending when in the course of the disease
the lymph node was removed. The morphologic
features of CSD are fairly consistent, but without
visualization or other confirmation of the bacteria,
are not specific to the disease. Lymph nodes
removed in the early stage of disease show follic-
ular hyperplasia with monocytoid B-cell aggre-
gates (Fig. 2) and microabscess formation with
focal necrosis (Fig. 3), often present just under
the lymph node capsule, which may be
fibrotic. As the disease progresses, the micro-
abscesses coalesce and form the characteristic stel-
late microabscesses (or “stellate granulomas”):
large areas of necrosis with a surrounding ring of
histiocytes, which are in turn surrounded by lym-
phocytes and plasma cells (Fig. 4). The histiocytes
often show pallisading around the central necrotic
area. Tingible body macrophages, neutrophils, and
varying numbers of activated lymphocytes are
found within the necrosis (Fig. 5). Non-necrotic

Cat Scratch
Lymphadenitis,
Fig. 1 Gross image of
a lymph node involved by
CSD. There are irregular
yellow areas of necrosis on
the cut section, while the
surrounding nodal
parenchyma is red due to
hypervascularity
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areas of the lymph node surrounding the stellate
microabscesses typically show paracortical hyper-
plasia, vascular proliferation, and sinus
histiocytosis. Plasmacytoid dendritic cells may be
increased.

Immunophenotype and Special Stains

The Bartonella organisms are visualized in the
necrotic foci within macrophages or along endo-
thelial cells as small (up to 3 mm in length), pleo-
morphic rods by the Warthin-Starry silver
impregnation stain (WSS) (Fig. 6). The organisms

are more easily seen early in the disease, and the
sensitivity of the WSS decreases as the disease
progresses. The organisms are not stained by peri-
odic acid-Schiff (PAS) or Gomori’s methenamine
silver stains. They occasionally stain weakly with
the Brown-Hopps Gram stain, but are consistently
negative on the Brown-Brenn Gram stain (Lamps
and Scott 2004; Koehler and Duncan 2005).

A monoclonal antibody to Bartonella henselae
for use in immunohistochemical analysis has
recently become available. However, there is
less-than-perfect agreement between molecular
testing, silver staining, and immunohistochemis-
try of Bartonella organisms. As silver staining

Cat Scratch Lymphadenitis, Fig. 2 In the early phases
of CSD, there is often follicular hyperplasia with collec-
tions of monocytoid B cells adjacent to the reactive
follicles

Cat Scratch Lymphadenitis, Fig. 3 Round or irregu-
larly-shaped coalescing microabsesses form as the disease
progresses

Cat Scratch Lymphadenitis, Fig. 4 The characteristic
stellate microabscesses are necrotic areas surrounded by
pallisading histiocytes and small lymphocytes. Neutrophils
are usually abundant within the necrosis

Cat Scratch Lymphadenitis, Fig. 5 High-power view
of a more cellular stellate microabscess, showing numer-
ous neutrophils and phagocytic histiocytes admixed with
apoptotic debris and enlarged, activated lymphocytes
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often shows high background and can be difficult
to interpret, immunohistochemistry may be
a useful adjunct to confirm Bartonella henselae
in cases that appear positive by silver stain or are
very suspicious clinically and histologically in
spite of a negative silver stain. However, negative
immunostaining for Bartonella henselae does not
necessarily exclude CSD (Caponetti et al. 2009),
and the diagnosis can be made based on the his-
tology, clinical picture, and exclusion of other
infectious causes of microabscesses.

Other Testing

PCR for Bartonella DNA can be performed on
fresh material (such as obtained from a fine-needle
aspiration of an enlarged lymph node) or forma-
lin-fixed, paraffin-embedded tissue (Rolain et al.
2006). PCR appears to be the most sensitive and
specific supplementary test available in the diag-
nosis of CSD. However, it is important to remem-
ber that a positive PCR result does not completely
exclude a second process; in one study of 244
specimens positive for B. henselae by PCR, 3
had a concurrent lymphoma and 10 had concur-
rent mycobacterial infection. The patients with
a second diagnosis tended to be older, suggesting
that tissue examination may be warranted in older

adults with suspected CSD, even if a PCR test on
an aspirate sample is positive for B. henselae.

Culture is insensitive at detecting Bartonella
and is very rarely positive even under highly
specialized conditions.

Indirect immunofluorescent antibody testing
on blood has been reported to be more than
85% sensitive, but cross-reacts with B. quintana,
which is a cause of trench fever as well as some
cases of CSD. A serologic enzyme immunoassay
is available and can especially be helpful in cases
where the histologic findings and clinical picture
are not classic. In these cases, the most definitive
finding is a four-fold increase in serum titers
between an acute and convalescent sample. The
presence of IgM antibodies support a recent infec-
tion, but can persist for more than a year after
exposure.

Differential Diagnosis

The differential diagnosis is predominantly with
other infectious causes of lymphadenitis. Clini-
cal features, serology, special stains and immu-
nohistochemistry, cultures to exclude other
infections (such as mycobacterial), or PCR test-
ing all may help in confirming a diagnosis of
CSD. Other infectious causes that can morpho-
logically resemble CSD include lymphogranu-
loma venereum (Chlamydia trachomati),
tularemia (Francisella tularensis), and lymph-
adenopathy due to Listeria monocytogenes,
Yersinia enterocolitica, or Pseudomonas. Lym-
phogranuloma venereum more commonly pre-
sents in inguinal lymph nodes, while in the
other infections, the patients usually present
with a more severe, systemic illness. Mycobac-
terial infections cause lymphadenitis with
caseating granulomas that are usually devoid of
neutrophils and contain acid-fast positive organ-
isms. Fungal lymphadenitis with granulomas is
usually limited to immunodeficient patients, and
the fungi may be visualized on Grocott-Gomori
methenamine silver stain (GMS).

Bartonella species also cause bacillary
angiomatosis, an infection affecting mostly HIV-
positive individuals. When bacillary angiomatosis

Cat Scratch Lymphadenitis, Fig. 6 Warthin-Starry
stain demonstrates numerous Bartonella organisms,
appearing as short rods singly or in small clusters amid
the necrosis. Bartonella organisms are often not detectable
by Warthin-Starry stain even in bona fide CSD cases.
Courtesy of Nancy Lee Harris, Massachusetts General
Hospital
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involves lymph nodes, there is a prominent pro-
liferation of vessels with plump endothelial cells
and extravasated red cells and neutrophils.
Numerous organisms are visualized on silver
stain, but stellate microabscesses typical of CSD
are usually absent.

Kikuchi-Fujimoto lymphadenitis (necrotizing
histiocytic lymphadenitis) also produces
zonal necrosis in lymph nodes of the head and
affects a similar age group as CSD. Unlike CSD,
however, the necrosis in Kikuchi-Fujimoto
disease lacks neutrophils and stainable organisms.
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Synonyms

Chronic myelogenous leukemia

Definition

Chronic myeloid leukemia (CML) represents the
clonal and neoplastic proliferation of a hemato-
poietic stem cell with a chromosomal trans-
location t(9;22) and junction of the BCR-gene
and ABL-gene resulting in a BCR-ABL fusion
protein of 210 kD or 190 kD, and leading to
growth factor independent proliferation and
leucocytosis. Non-neoplastic stem cells are
vergrown but differentiation and maturation are
retained by neoplastic cells with sufficient produc-
tion of blood cells. In untreated patients, the
steady state phase (chronic phase) with sufficient
production of mature blood cells usually pro-
gresses to an accelerated phase with deterioration
of hematologic blood parameters and/or
organomegaly. Differentiation of the transformed
hemaopoietic stem cells gets lost after a period of
about 3 years (median) resulting in the blast
phase. Transition from chronic to accelerated
and blast phase, respectively, is defined by a num-
ber of parameters, which according to WHO
(Vardiman et al. 2017) are summarized in
Table 1 of chapter “▶Chronic Myeloid Leuke-
mia, Polycythemia Vera Progression.”

Clinical Features

• Incidence
Incidence of CML in Europe is about 1.2 to 1.5
per 100,000 inhabitants per year. In Germany,
about 1200 cases are newly diagnosed each year.
Presentation most frequently takes place in the
chronic phase of disease with mild anemia,
thrombocytopenia, and leucocytosis. Abnormal
peripheral blood values may be accompanied by
mild B symptoms and splenomegaly. The inci-
dence of progression in CML has changed dra-
matically since the introduction of tyrosine
kinase inhibitors (TKI) into therapy. The chronic
phase in CML has historically lasted for
3–4 years with a progression rate to blast crisis
in the first 2 years of 5–10% and thereafter of
20–25% per year. Untreated patients will invari-
ably develop progression mostly within
3–4 years after diagnosis (Kantarjian et al.
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1988). In the era of TKI treatment, the 5-year
progression-free survival is 80–95%. Disease
progression to advanced phase (accelerated or
blast phase) has been reduced to 1–1.5% per
year from more than 20% per year in the pre-
TKI era (Mukherjee and Kalaycio 2016).

The highest incidence of CML is in the fifth
and sixth decade of living, but every age can be
affected. Very rarely, CML occurs in childhood
(Hijiya et al. 2016).

• Sex
In CML, there is male predominance.

• Site
The bone marrow is the primary site of CML
and is almost always affected. Neoplastic stem
cells and precursor cells may colonize other
organs, most frequently the spleen and liver,
less frequently lymph nodes. Principally every
organ can be affected.

• Treatment
Treatment in CML is directed against the
underlying tyrosine kinase activation of the
BCR-ABL fusion protein. Since the first TKI,
imatinib, had proven its potency to cure CML,
other more effective agents became available
(Dasatinib, Nilotinib, Bosutinib). Therapy is
guided by depth of molecular response in the
peripheral blood as depicted in Table 1.

In case of therapy failure, increase of dosage
of TKI or change of drug is recommended.
Measurements between indicated thresholds
require short-term control and in case of per-
sistence are considered as indicators of
increased risk for therapy failure. TKI-treated
patients in the chronic phase who have
achieved major molecular response enjoy
durable responses with virtually no current
progression to accelerated phase or blast crisis
(Steegmann et al. 2016). Patients who have
achieved stable complete molecular remission
may experience in approximately 40% of cases
complete continued remission in the absence of
maintenance treatment (Steegmann et al.
2016). In the accelerated phase, dosage
increase of TKI may be successful (Deininger
2015).

• Outcome
Without treatment, most patients will progress
to acceleration and blast crisis after a median

duration of 3 years of the chronic phase (see
chapter “▶Chronic Myeloid Leukemia, Poly-
cythemia Vera Progression”). The prognosis of
CML patients in the blast phase is dismal with
median survival ranging from 7 to 11 months
(Hehlmann et al. 2016). This has dramatically
changed with the introduction of TKI. Five
year overall survival ranges from >90% to
99% with modern TKI (Hochhaus et al. 2017;
Cortes et al. 2018.

Macroscopy

Usually there is mild splenomegaly with diffuse
organ enlargement; in addition, hepatomegaly
and lymph node tumors may be observed. In the
accelerated phase, there may be considerable
splenomegaly.

Microscopy

Microscopic presentation of CML is dependent
of the phase of disease, either chronic phase or
acceleration phase or blast crisis.

In the chronic phase, granulocyte numbers
are increased in the peripheral blood account-
ing predominantly for leucocytosis. Median
leucocyte counts are about 100 � 103/ml ranging
from 12–1000 � 103/ml. Regularly, there is an
increase of basophil counts absolutely and in
most cases also relatively with more than 1% of
blood leucocytes (Fig. 1). Likewise, eosinophils
display higher blood cell counts. Diagnostic
hallmark are immature cells of granulopoiesis
encompassing all stages of maturation from
promyelocytes to myelocytes (Fig. 2). Mono-
cytes are absolutely increased in number
(>1.000/ml) but usually the percentage is below
5%. Whereas thrombocytopenia is uncommon,
increased thrombocyte counts are frequently
encountered, in some cases amounting up to
1 � 106/ml.

Besides highly characteristic peripheral blood
cell findings, bone marrow histology reveals
typical but not specific changes. Cellularity is
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exaggerated and usually fatty cells are not visible
any more (Fig. 3). Dominating and left-shifted
granulopoiesis displays peritrabecular rims of pro-
myelocytes with maturation towards the center of
the intertrabecular spaces. In addition, there
is prominent proliferation of eosinophils and eosin-
ophilic precursor cells (Fig. 4). In some, but not all
cases, megakaryocytes are increased in number and
reveal formation of clusters. Regularly, megakar-
yocytes are small and show round, hypo-lobulated
nuclei (Fig. 5). Erythropoietic nests are smaller than
usual and reduced in number. In the chronic phase,
immature blasts may be increased but do not

exceed 5% of all bone marrow cells. As a correlate
of increased intramedullary cell turnover, sea-blue
histiocytes and pseudo Gaucher cells can be found
(Fig. 6) whereas hemosiderin macrophages are
reduced or even completely missing. About a
third of cases display mild to moderate myelofibro-
sis which is associated with reduced therapy
response.

Besides bone marrow, which is affected
in every case of CML, other organs may show
infiltration of other organs by clonal hematopoi-
etic cells. Most frequently the spleen is involved
and immature and mature cells of granulocytic

Chronic Myeloid Leukemia, BCR-ABL1 Positive,
Fig. 1 BCR-ABL positive CML typically reveals increase
of basophilic granulocytes (absolutely and relatively>1%)
which is missing in most reactive leucocytoses and atypical
CML (May Grünwald Giemsa)

Chronic Myeloid Leukemia, BCR-ABL1 Positive,
Fig. 2 In the peripheral blood there is an increase
of leucocytes and shift to the left with all precursor stages
of granulopoiesis ranging from immature blasts (right
lower corner) to promyelocytes, metamyelocytes to mature
granulocytes (May Grünwald Giemsa)

Chronic Myeloid Leukemia, BCR-ABL1 Positive,
Fig. 3 Histology shows exaggerated cellularity with
almost complete loss of fatty tissue with prominent prolif-
eration of the eosinophilic lineage besides predominant
neutrophilic differentiation (Giemsa)

Chronic Myeloid Leukemia, BCR-ABL1 Positive,
Fig. 4 A typical features are broad peritrabecular rims of
promyelocytes exhibiting maturation to granulcytes
towards the centers of intertrabecular spaces with promi-
nent participation of the eosinophilic lineage (Giemsa)
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lineage are found as diffuse and focal not clearly
demarcated infiltrates in the red pulp. The liver
ranks second and when affected reveals
intrasinusoidal infiltration. Lymph nodes usually
demonstrate involvement of the interfollicular
T-cell area. Besides granulopoietic cells, mega-
karyocytes may be seen in organs which are
infiltrated by neoplastic hematopoiesis whereas
erythroid colonies are only rarely encountered.

During acceleration, more organs may show
involvement and the proportion of precursor
cells and blasts is increasing (see chapter on

“▶Chronic Myeloid Leukemia, Polycythemia
Vera Progression”).

Immunophenotype

Immunophenotyping does not play a major role in
diagnosis of CML in the chronic phase. CD34 and
CD117 can be applied to get a rough estimate of
the blast content. However, leukemic blasts may
be partly or completely negative for these markers
in up to 30% of cases. Hence, in order to avoid
underestimation, immunohistochemically deter-
mined blast cell content cannot be equalled with
counts in bone marrow smears which is still
representing the gold standard.

In blast crisis which may be manifest in
the first presentation, immunophenotyping is
mandatory as indicated in the chapter on
“▶Chronic Myeloid Leukemia, Polycythemia
Vera Progression.”

Molecular Features

CML is defined by the presence of BCR-ABL fusion
gene. BCR-ABL fusion represents the molecular
basis of the Philadelphia chromosome generated
by translocation t(9;22). The reciprocal transloca-
tion between chromosomes 9 and 22 is detectable
by routine cytogenetic karyotyping in more than
90% of cases. In a small subset of cases, the trans-
location may be complex with involvement of more
than two chromosomes or it may be hidden and
demonstrable only by molecular studies of the
BCR-ABL fusion. There is evidence that transloca-
tion t(9;22) is not the first event in clonal evolution
of the neoplasm but rather a secondary event
(Fialkow et al. 1981). The break on chromosome
22 occurs within a comparably small region of 5.5
kilo bases (kb) which accordingly has been labeled
as break point cluster region (BCR). The break on
chromosome 9 affects the ABL proto-oncogene and
is located in the huge first intron (>100 kb) between
ABL exon 1a and 1b. The split within theBCR gene
affects exons 12–16 and in most cases takes place
between exons 13 and 14 or 14 and 15, respectively.
Rarely, exons 17–20 may be involved. These cases

Chronic Myeloid Leukemia, BCR-ABL1 Positive,
Fig. 6 In many but not all cases of CML pseudo-Gaucher
cells with broad lightly stained cytoplasm may be found.
These sphingolipid rich macrophages are not specific for
CML but also may be encountered in other stages with
increased turnover of granulocytic cells (Giemsa)

Chronic Myeloid Leukemia, BCR-ABL1 Positive,
Fig. 5 The majority of megakaryocytes are small with
unsegmented small hypolobulated round nuclei (Giemsa)
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are characterized by marked neutrophilia or
thrombocytosis (Pane et al. 1996). As a conse-
quence of the variability in break point location in
the large intron 1 of theABL gene,DNA-based PCR
is not suited to detect the gene fusion but reversely
transcribed mRNA has to be utilized. The fused
mRNA is also exploited to evaluate depth of molec-
ular remission (Table 1). As alternative approach,
fluorescence in-situ hybridization can be applied to
detect the BCR-ABL gene fusion. In most systems,
red and green dyes produce a yellow colored spot of
the fusion gene. The fusion gene is translated into a
210 kilo Dalton (kDa) protein. Due to alternative
splicing also, a 190 kDa variant of the BCR-ABL
fusion protein may be found (Melo 1996; van Rhee
et al. 1996) which in a minority of cases represents
the dominating protein. These cases are character-
ized by marked monocytosis and have to be differ-
entiated from chronic myelomonocytic leukemia
(Melo et al. 1994). In cases with predominant
190 kDa variant of the BCR-ABL fusion protein,
the break in the BCR gene is located upstream of
exons 12–16 (major break point region) within the
so-called minor break point region. The latter is
affected in Philadelphia-chromosome positive

acute lymphoblastic leukemia. Immunohistochemi-
cal detection of BCR-ABL fusion protein is not
used. In blastic progression, the Philadelphia chro-
mosome (Ph) is retained in most instances but addi-
tional changes occur (see chapter “▶Chronic
Myeloid Leukemia, Polycythemia Vera Progres-
sion”). Additional aberrations may occur in the
chronic phase (+Ph, +8, +19, iso(17), �7, 3q�,
complex aberrant karyotype) and indicate an
increased risk of progression. As a consequence
and in order to detect advanced stages, guidelines
request karyotypic analysis of CML at initial diag-
nosis, which cannot be replaced by molecular anal-
ysis alone (Vardiman et al. 2017).

Differential Diagnosis

The most relevant differential diagnoses to be
considered are (Bennett et al. 1994):

• Reactive leucocytosis (leukemoid reaction)
• BCR-ABL negative atypical CML
• Chronic myelomonocytic leukemia
• Other types of myeloproliferative neoplasms

Exceptionally, a left-shifted blood picture with
immature cells up to promyelocytes may represent
a reactive change in infectious or other inflamma-
tory conditions. In these cases, basophilia is reg-
ularly lacking. Bone marrow histology reveals
normally sized megakaryocytes without the atyp-
ical features of small and mononuclear megakar-
yocytes in CML. Usually, hypercellularity in
reactive lesions leaves more residual fatty tissue
than CML bone marrow. In cases which remain
questionable are encountered only very infre-
quently. In doubtful cases, detection of BCR-
ABL fusion mRNA will enable definite
discrimination.

A more difficult discrimination is provided
by the differentiation of atypical CML from BCR-
ABL positive CML. Left-shifted blood picture is
present in both diseases. Basophilia is rare in atyp-
ical CML but it may be observed. Megakaryocytic
atypia is variable in atypical CML, usually the
number is reduced and preponderence of micro-
megakaryocytes as in BCR-ABL positive is

Chronic Myeloid Leukemia, BCR-ABL1 Positive,
Table 1 Response to TKI treatment in CML (Melo and
Barnes 2007)

Time of
treatment
(months) Failure

Optimal
response

3 Philadelphia
chromosome: >95%
BCR-ABL RNA:
>10%

Philadelphia
chromosome:
<35%
BCR-ABL
RNA: <10%

6 Philadelphia
chromosome: >35%
BCR-ABL RNA:
>10%

Philadelphia
chromosome:
0%
BCR-ABL
RNA: �1%

12 Philadelphia
chromosome: >1%
BCR-ABL RNA:>1%

BCR-ABL
RNA: �0.1%

>18 BCR-ABL
RNA:
�0.01%

Any time
period

Loss of major response
with BCR-ABL RNA
increase �5 fold
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lacking. A feature which is generally not found in
atypical CML by contrast to BCR-ABL positive
CML is prominent proliferation of eosinophilic
precursors. Myelofibrosis can occur in both
diseases but it is more frequent in BCR-ABL
positive CML. Analysis of BCR-ABL is mandatory
in order to achieve an adequate classification.

Some BCR-ABL negative myeloproliferative
neoplasms, in particular primary myelofibrosis,
may present with left-shifted leucocytosis and
basophilia like in CML. Bone marrow histology
usually allows differentiation because small
mononuclear megakaryocytes which are typical
for CML are not found but instead large, cluster-
forming megakaryocytes are encountered.
In addition, molecular studies will be helpful
(BCR-ABL fusion transcripts and mutations of
JAK2, MPL, or calreticulin). In rare cases, how-
ever, the BCR-ABL junction may be combined
with JAK2mutation (Hussein et al. 2007). In these
cases, the size of megakaryocytes resembles that
of JAK2 mutated myeloproliferative neoplasms
and small megakaryocytes are usually missing.
Sometimes, the combined JAK2 mutated neo-
plasm is not evident at primary diagnosis and
becomes evident only after successful treatment
of the BCR-ABL positive clone by TKI, usually
mistaken as developing therapy resistance (see
chapter on “▶Chronic Myeloid Leukemia, Poly-
cythemia Vera Progression,” Fig. 4) (Hussein
et al. 2007).
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Chronic Myeloid Leukemia,
Polycythemia Vera
Progression

Hans H. Kreipe
Institute of Pathology Hannover Medical School,
Hannover, Germany

Synonyms

Acceleration; Blast crisis; Blast phase; Spent
phase

Definition

Myeloproliferative neoplasms, including chronic
myeloid leukemia (CML) and polycythemia vera
(PV), may progress from a steady-state phase
(chronic phase) with sufficient production of
mature blood cells to an accelerated phase with
deterioration of hematologic blood parameters
and/or organomegaly. Chronic and accelerated
phase may be followed by a blast phase with
more than 20% immature blasts in the blood or
bone marrow. Transition from chronic to acceler-
ated and blast phase, respectively, is defined by
varying parameters, which according to WHO
(Vardiman et al. 2017) are summarized in Table 1.

The accelerated phase in CML is characterized
by an increase of blast cell counts either in the
peripheral blood or the bone marrow or in both
compartments. In parallel or alternatively, other
parameters may indicate transition from the
chronic to the accelerated phase, such as increase
of basophils in the peripheral blood, persistent
thrombocytopenia or thrombocytosis, increasing
white blood cell counts, or increasing spleen size
despite therapy (Table 1). The definition of accel-
eration is also encompassing either karyotypic
evolution and/or emergence of therapy resistance
(Baccarani et al. 2009). The blast phase in CML is
defined by blast cell count of �20% either in the
peripheral blood and/or the bone marrow. Like-
wise, the occurrence of either extramedullary blast
infiltrates or intramedullary large aggregates of

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Table 1 Accelerated and blast phase in CML
and PV

Accelerate phasea Blast phase

CML Persistent or
increasing white
blood cell count (>10
3 � 109/L) Persistent
or increasing
splenomegaly
Persistent
thrombocytosis
(>1000 � 109/L)
Persistent
thrombocytopenia
(<100 � 109/L)
unrelated to therapy
20% or more blood
basophils
10%–19% blasts in
the blood or bone
marrow
Additional clonal
chromosomal
abnormalities (second
Ph, trisomy 8,
isochromosome 17q,
trisomy 19, complex
karyotype, or
abnormalities of
3q26.2)
Any new clonal
chromosomal
abnormality in Ph1
cells that occurs
during therapy
Tyrosine kinase
inhibitor resistanceb

�20% blasts in the
bone marrow and/or
peripheral blood
Extramedullary blast
proliferation

PV Spent phase, post-
polycythemic
myelofibrosis
Leucoerythroblastic
blood smear
Bone marrow fibrosis
Decreasing blood cell
counts and increasing
splenomegaly
Leukocytosis like in
atypical CML or
chronic
myelomonocytic
leukemia
10%–19% blasts in the
blood or bone marrow

�20% blasts in the
bone marrow and/or
peripheral blood
Extramedullary blast
proliferation

aIn PV, acceleration is not an established term. In general
use are designations as spent phase and post-polycythemic
myelofibrosis
bSee text
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blast cells defines the transition from chronic to
blast phase (Table 1).

In clinical practice, progression in PV is usu-
ally designated with terms like spent phase or
post-polycythemic myelofibrosis. Unlike CML
acceleration, it is less clearly defined. There are
different parameters which indicate progressive
disease. Development of myelofibrosis; increas-
ing splenomegaly; lowering of blood cell counts,
in particular of erythrocytes and thrombocytes;
and rise in granulocyte counts with left shift in
the peripheral blood are considered to be indica-
tors of progression or acceleration (Table 1). In
approximately one third of patients with these
signs of progression blast crisis evolves. Rarely,
blast crisis develops without preceding fibrotic
progression. For post-PV myelofibrosis, a cata-
logue of criteria besides manifest fibrosis of the
bone marrow (grades 2, 3) has been proposed.
From these four criteria, at least two should be
present to settle the diagnosis. These criteria include
anemia, leucoerythroblastic blood picture, increas-
ing splenomegaly (plus 5 cm above baseline), con-
stitutional symptoms (two of the three following:
>10% weight loss in 6 months, night sweats, fever
without obvious cause) (Barosi et al. 2008).

Clinical Features

• Incidence
The incidence of progression in CML has
changed dramatically since the introduction
of tyrosine kinase inhibitors (TKI) into therapy.
The chronic phase in CML has historically
lasted for 3–4 years with a progression rate to
blast crisis in the first 2 years of 5–10% and
thereafter of 20–25% per year. Untreated
patients will invariably develop progression
mostly within 3–4 years after diagnosis
(Kantarjian et al. 1988). In the era of TKI
treatment, the 5-year progression-free survival
is 80–95%. Disease progression to advanced
phase (accelerated or blast phase) has been
reduced to 1–1.5% per year from more than
20% per year in the pre-TKI era (Mukherjee and
Kalaycio 2016). In PV about 15% of patients
develop progression after 10–15 years after

initial diagnosis, after 20 years the rate amounts
to 25% (Silverstein 1976).

• Age
The median age of progression is about 3 years
later than the median age of diagnosis in CML
(65 years). CML can occur in any age, includ-
ing childhood. In PV the median age of pro-
gression is about 15 years later than the median
age of initial diagnosis (60 years).

• Sex
In CML and PV including progression, there is
a slight male predominance.

• Site
Progression to blast phase in CML and PVmay
occur in the bone marrow, spleen, or other
extramedullary sites.

• Treatment
TKI have moderately improved survival in the
blast phase of CML. First-generation TKI
(imatinib) are differentiated from second-
(dasatinib, nilotinib, bosutinib) and third-
generation (ponatinib) TKI, respectively.
Alternative treatment modalities are intensive
chemotherapy and allo-stem cell transplanta-
tion. TKI-treated patients in the chronic phase
who have achieved major molecular response
enjoy durable responses with virtually no cur-
rent progression to accelerated phase or blast
crisis (Steegmann et al. 2016). Patients who
have achieved stable complete molecular
remission may experience in approximately
40% of cases complete continued remission
in the absence of maintenance treatment
(Steegmann et al. 2016). In the accelerated
phase, dosage increase of TKI may be success-
ful (Deininger 2015). Progressed PV is treated
with JAK2 inhibitors and in selected cases with
allogenic stem cell transplantation (Vannucchi
and Harrison 2017). In the blast phase of PV,
diverse regimes with limited success are used,
including hypomethylating agents, low-dose
chemotherapy, induction chemotherapy, and
allogeneic stem cell transplantation.

• Outcome
The prognosis of CML patients in the blast
phase is dismal with median survival ranging
from 7 to 11 months (Hehlmann et al. 2016).
With acceleration and progression, the
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prognosis in PV worsens and resembles pro-
gressed myelofibrosis or MDS. About 3–7% of
patients progress to blast phase with an unfa-
vorable outcome like in CML (Vannucchi and
Harrison 2017).

Macroscopy

Accelerated phase in CML and PV may be asso-
ciated with splenomegaly. Usually the spleen is
diffusely enlarged without tumor formation and
the consistency is increased. In the blast phase of
CML and PV, there might be tumor formations
affecting lymph nodes or extranodal sites and
hepatomegaly.

Microscopy

Acceleration in CML may become morphologi-
cally manifest in the peripheral blood as well as
the bone marrow. In the peripheral blood,
increased number of blast cells may occur besides
immature precursor cells (Fig. 1). If there are
�20% blasts in the peripheral blood and/or the
bone marrow, it is no longer called acceleration
but blast crisis. In some cases basophilia which is
a regular phenomenon in CML may increase. If
the percentage is >20%, increased basophilia is
considered as evidence for acceleration (Fig. 2). In
TKI-treated patients, blast increase during accel-
eration may be combined with low cellularity and
suppression of granulopoiesis (Fig. 3). Frequently
fibrosis of grade 1 or grade 2 can be found. Resis-
tance against TKIs may develop during treatment
and also indicates acceleration. Infrequently, signs
of acceleration such as splenomegaly are noted
clinically, but the level of BCR-ABL transcripts
remains low. In these cases, bone marrow biopsy
may reveal a shift of phenotype with atypical
megakaryocytes resembling those from BCR-
ABL-negative myeloproliferative neoplasms and
myelofibrosis (Fig. 4). Combination of
JAK2V617F mutation and BCR-ABL junction are
found in these cases. Treatment with TKI sup-
presses the BCR-ABL clone, whereas the
JAK2-mutated clone remains unaffected.

Blast crisis is diagnosed when the blast content
in the peripheral blood or the bone marrow
exceeds 19% or when extramedullary myeloid
sarcoma develops. Blast crisis in most instances
resembles acute myeloid leukemia, and in about
30% of cases, it shows the phenotype of acute
lymphoblastic leukemia (Reid et al. 2009). Mye-
loid blast crisis represents the complete spectrum
of acute myeloid leukemia. Blast populations
may be devoid of any maturation or can show
different degrees of maturation. In addition, pro-
myelocytic, myelomonocytic, erythroblastic, or
megakaryoblastic phenotypes may be encoun-
tered during blast crisis. Sometimes blast cells

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 1 Blast cells occurring in the peripheral
blood as indicators of progression in CML. Two immature
blasts besides granulocytic precursors and mature
granulocytes can be seen (Pappenheim, �400)

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 2 An increase of basophil counts in the
peripheral blood or bone marrow indicates acceleration.
Four basophils besides atypical granulocytes and one
monocyte are shown (Pappenheim �400)
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represent immature basophils, and blast crisis may
emerge in conjunction with basophilia. In rare
cases blast crisis shows the phenotype of acute
megakaryoblastic leukemia (Fig. 5).

The major clinical complications in PV, unlike
CML, are not provided by blastic progression but
by thrombosis and hemorrhage. Progression
develops in about 15–25% of patients after 10 to
20 years. In progressive disease with developing

or manifest myelofibrosis, the peripheral blood
shows an increase and left shift of granulocytic
cell. Furthermore, erythrocyte precursors, namely,
normoblasts, may occur in the peripheral blood
(leucoerythroblastosis). In the bone marrow, a
reduction of erythroid islands and an exaggerated
granulocytic proliferation with a more or less
pronounced left shift (Fig. 6) can be seen.
Granulocytic proliferation is accompanied by

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 3 Acceleration in CML is demonstrated
by an increase of blasts in the left shifted granulopoiesis.
Cellularity, in particular myelopoiesis, is reduced due to
imatinib treatment (Giemsa)

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 4 In this case of CML treated with
imatinib, clinically diagnosed therapy resistance was due
to a simultaneous JAK2 mutation. The corresponding
clone became visible after the BCR-ABL-positive clone
had been successfully suppressed by TKI and led to a shift
of phenotype. Huge clustering megakaryocytes and mye-
lofibrosis indicated JAK2-mutated myeloproliferative neo-
plasm (Giemsa �250)

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 5 Blast crisis of CML with a mega-
karyoblastic phenotype (Giemsa)

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 6 Progression in PV is frequently accom-
panied by an exaggerated proliferation of the
megakaryocytic lineage with predominance of maturing
myeloid cells, whereas erythropoiesis appears to be rela-
tively reduced. Enlarged megakaryocytes are still visible
(Giemsa)
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granulocytosis and occurrence of immature mye-
loid precursor cells in the peripheral blood.
Frequently, also an increase in fiber content can
be noted (Fig. 7). Sometimes the monocytic
lineage dominates, and together with a periph-
eral absolute and relative monocytosis, this pre-
sentation of accelerated phase resembles chronic
myelomonocytic leukemia (Fig. 8). In rare cases
worsening of clinical findings such as decreasing
blood cell counts and increasing splenomegaly
is accompanied by enlarged erythroid islands
which almost completely consist of pro-
erythroblasts and do not show maturation to
normoblasts anymore (Fig. 9). In these cases
fusion of the JAK2 gene with other genes has
been demonstrated (Fig. 9).

Blast crisis in PV is a late event and occurs only
in a minority of patients (<10%). It is indicated by
an increase of blasts above 19% either in the
peripheral blood or the bone marrow. In most
instances the blasts carry a myeloid phenotype,
whereas lymphoid blasts crises are not encoun-
tered. Frequently, the blast crisis is accompanied
by fibrosis which may precede transformation
(Fig. 10). Megakaryocytes in these cases may be
dysplastic and resemble those found in
myelodysplastic syndrome (Fig. 10). In these
cases only the record of a pre-existing

polycythemic phase allows the diagnosis of a PV
blast crisis (Fig. 10).

Immunophenotype

In the majority of cases, blast crisis in CML
exhibits phenotypic markers of the myeloid line-
age with a broad spectrum reaching from

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 7 Progression in PV may be accompanied
by an increase of reticulin fibers as demonstrable in this
case of long-standing PV. Besides fibrosis (grade 2), small-
sized megakaryocytes like in MDS can be seen (Gomori)

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 8 In this case of PV, monocytosis devel-
oped and bone marrow biopsy revealed an increase of
mature and immature monocytes resembling chronic
myelomonocytic leukemia (Giemsa)

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 9 Rarely, progression in PV may show
enlarged erythroblastic islands in peritrabecular localiza-
tion (upper right corner). A translocation t(9;11) found in
this case most likely affected the JAK2 gene because the
erythroblastic atypia is very similar to that found in neo-
plasms with a PCM-JAK2 junction (Giemsa �150)
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neutrophilic to monocytic, megakaryocytic, ery-
throid, basophilic, and rarely eosinophilic differ-
entiation (Reid et al. 2009). Cells of blast crisis are
frequently completely or partly negative for CD34
and CD117. Consequently, CD34 stain cannot be
equaled with the blast content. When bone mar-
row fibrosis leads to dry tap, blast recognition in
these cases rests on the histological attributes. In
about a third of cases, blast crisis in CML is of
lymphoblastic phenotype because the neoplastic
cell of origin in CML belongs to the stem cell
compartment or to a still uncommitted pool of
early progenitor cells. Most lymphoblastic blast
crises reveal a precursor B-cell phenotype and
express terminal deoxynucleotidyl transferase in
addition to B-lineage markers such as CD20,
PAX5, and CD10. Rarely, a T cell phenotype is
encountered. Probably as a consequence of their
origin from an uncommitted precursor, cell pool
blast populations commonly exhibit a mixed lin-
eage phenotype with combined expression of
myeloid and lymphoid markers (Khalidi
et al. 1998).

In PV the blast crisis is usually myeloid with
expression of corresponding markers
(myeloperoxidase, lysozyme). Lymphoid markers
may be co-expressed (mixed phenotype), but
purely lymphoid blast populations are rare.

Molecular Features

Additional cytogenetic aberrations besides t(9;22)
can regularly be observed in blast crisis of CML
and occur in up to 90% of patients. Among the
relevant aberrations are trisomy 8, doubling of the
Philadelphia chromosome, isochromosome (17q),
and trisomy 19 (Hehlmann et al. 2016). Addi-
tional chromosomal abnormalities may be present
but are not considered to be of pathophysiological
or prognostic relevance such as loss of the
Y-chromosome and other rarer partial or complete
chromosomal losses or gains. Chromosome 3 and
7 abnormalities can be detected during the course
of the disease during chronic phase and have
impact on prognosis and response to TKI
(imatinib, dasatinib, nilotinib, bosutinib, ponatinib).
Besides newly detectable chromosomal aberra-
tions, acquired mutations appear to play a role in
blastic progression. Mutations of the BCR-ABL
tyrosine kinase are manifest in up to 80% of
patients (Soverini et al. 2011). When ABL muta-
tions occur during the chronic phase and induce
imatinib resistance, the risk of blastic progression
is markedly increased (Soverini et al. 2011).
A variety of mutations which are usually found
inMDS have been described in blast crisis such as
RUNX-1, IKZF1 (Ikaros), ASXL1, WT1, TET2,
IDH1, NRAS, KRAS, TP53, and CBL. Up to a
quarter of all myeloid blast crises harbor alter-
ations of the TP53 gene, whereas in lymphoid
blast populations developing in CML, p16 aber-
rations prevail (Hehlmann et al. 2016).

Molecular findings have gained major impact
on the definition of therapy resistance toward TKI.
Usually, resistance is equaled with acceleration.
Resistance can be either indicated by loss of com-
plete hematologic response or loss of cytogenetic
response. Quantitative polymerase chain reaction
(PCR) products of reversely transcribed RNA
from the BCR-ABL fusion gene in the peripheral
blood is more and more used to monitor therapy
response. Therapy resistance is diagnosed by rise
of detectable BCR-ABL PCR products (b2a2
and/or b3a2 transcripts) and defined as loss of
major molecular response. A reproducible five-
fold increase in quantitative PCR is recommended
as an early indicator of evolving therapy

Chronic Myeloid Leukemia, Polycythemia Vera Pro-
gression, Fig. 10 Blast crisis in PV with more than 50%
blasts and atypical megakaryocytes resembling those
found in MDS. In cases like this, pre-existing PV is not
obvious from histology and can only be diagnosed when
PV is obvious from previous biopsies or clinical history
(Giemsa �250)
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resistance and should prompt search for mutations
of the ABL kinase and/or additional clonal chro-
mosome abnormalities (Baccarani et al. 2014).

The molecular alterations underlying the var-
ious types of progression in PV (fibrotic,
MDSMPN-like, blastic) are less well character-
ized when compared with CML. Almost all cases
progressing to blast crisis exhibit karyotypic
evolution, often with the acquisition of complex
chromosomal abnormalities (Mesa et al. 2007).
More than 98% of PV cases harbor a JAK2V617F

or JAK2-exon 12 mutation. In a considerable
proportion of cases, additional mutations such
as of TET2 occur. It has been shown that the
order of mutations in which they are acquired
by the hematopoietic stem cell influences the
clinical course of the disease (Ortmann et al.
2015). The impact of order in which mutations
have been acquired has been demonstrated with
regard to age of diagnosis, size of homozygous
subclones, risk of thrombosis but not risk of
progression. In blast crisis, JAK2-negative
clones may emerge in a considerable proportion
of cases (up to 50%). Additional MDS-like
mutations such as TET2, DNMT3A, EZH2, and
ASXL1 are associated with progression but
appear not be newly acquired by the neoplastic
clone with transformation but are already detect-
able during the chronic phase when signs of
progression are not yet present (Lundberg et al.
2014). In those PV cases which later on pro-
gressed to myelofibrosis a higher proportion of
double mutated (except TET2) cases were found
when compared to non-progressing cases which
proved to be only JAK2 or JAK2/TET2 mutated
(Bartels et al. 2018). In this respect PV resembles
primary myelofibrosis (Lehmann et al. 2013).
An increase of JAK2 allelic burden was found
by some investigators to be associated with
fibrotic progression. This association could not
be confirmed by others (Bartels et al. 2018). In a
minority of PV cases with progression to
MDS/MPN, a translocation of chromosome
9 involving the JAK2 gene occurs resulting in
fusion of JAK2 with other genes and leading to a
peculiar proliferation of erythroblastic islands
(Fig. 9).

Differential Diagnosis

Progression in CML and PV either MDS/MPN-
like or fibrotic has to be differentiated from the
emergence of a second independent hematopoi-
etic clone with a different clonal abnormality.
A representative case is shown in Fig. 4, where
increase of spleen size and worsening of blood
cell counts suggested progression resulting in
imatinib resistance of CML. Bone marrow biopsy
in these cases reveal the emergence of a second
independent clonal hematopoietic disease such as
JAK2 positive MPN (Hussein et al. 2007). Unless
previous biopsies from the pre-fibrotic phase are
available, fibrotic PV cases are difficult to dis-
criminate from primary myelofibrosis. In general,
when bone marrow fibrosis grade 3 is present, it
may be impossible to discern the underlying mye-
loproliferative neoplasm. The same is true for
blast crisis. Up to 50% of blast crisis developing
in JAK2-mutated MPN do not carry this mutation
making it impossible to differentiate a secondary
acute leukemia from an independent de novo
AML. When the blast population has a lymphoid
phenotype, other blastic lymphomas involving the
bone marrow have to be differentiated.
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Dermatopathic
Lymphadenitis

Amelia Huck and Robert P. Hasserjian
Department of Pathology, Massachusetts General
Hospital, Boston, MA, USA

Synonyms

Dermatopathic lymphadenopathy; Lipomelanotic
reticular hyperplasia; Lipomelanotic reticulosis;
Pautrier-Woringer disease

Definition

Dermatopathic lymphadenopathy (DL) is clas-
sically seen when a patient presents with
enlarged lymph nodes in association with
chronic skin disease. However, it can present
without associated cutaneous manifestations.
The characteristic findings are thought to
arise when melanin is taken up by histiocytes
in the irritated skin and then drains to regional
lymph nodes, inciting characteristic reactive
changes in the lymph node. The immune
response in DL involves the interaction of
Langerhans and other dendritic cells in the
lymph node with T cells, to which they are
thought to present cutaneous-derived antigens.
Thus, DL represents a nodal hyperplasia of
both dendritic cells and activated T cells.

The histologic features of DL can also
occur in association with mycosis fungoides
(MF) and Sezary syndrome (SS). Palpable
lymphadenopathy regardless of histology has
been associated with an inferior prognosis in
these patients (Fuks et al. 1974), although this
may at least in part reflect cases that have early
nodal involvement by cutaneous T-cell lym-
phoma rather than purely reactive dermatopathic
changes.

Clinical Features

• Incidence
The incidence of DL in the general population
is unknown. In one large series of excised
lymph nodes, about 5% had histologic features
of DL, which included a subset that were con-
currently involved by lymphoma (Cooper et al.
1967).

• Age
DL can occur at any age, but most commonly
presents in patients aged 40–60.

• Gender
DL is more common in men than in women
with a male to female ratio of about 2:1 (Coo-
per et al. 1967).

• Site
DL generally presents in lymph nodes that
drain from the skin, particularly axillary and
inguinal lymph nodes, followed by cervical
lymph nodes.
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• Treatment
In patients without an associated T-cell lym-
phoma, the lymphadenopathy is benign and
requires no treatment beyond that of the asso-
ciated inciting skin condition.

• Outcome/Prognosis
The lymphadenopathy generally regresses
with resolution of the associated skin disease
and is benign in nature.

Gross Pathology

Patients present with an enlarged, movable, pain-
less lymph node. The cut surface is tan and can
appear vaguely nodular with brown pigmentation
(Fig. 1).

Microscopic Pathology

Microscopically, the lymph nodes in DL have over-
all intact architecture. In the early stages, there is
often concurrent follicular hyperplasia, but the fol-
licles may become smaller and sparser in more
well-developed cases as the nodal architecture
becomes more distorted (Fig. 2). Sinuses may also
appear hyperplastic. The most prominent feature is
the marked paracortical expansion that can often
result in compression of the cortical and medullary
areas of the node. In the paracortex, there are

nodular aggregates of Langerhans cells, interdigi-
tating dendritic cells, histiocytes, and small lym-
phocytes, often with scattered admixed plasma
cells and occasionally eosinophils (Figs. 3 and 4).
Melanin and, less commonly, hemosiderin pigment
is present within the histiocytes (Fig. 5). In cases of
DL that are not associated with a cutaneous condi-
tion, pigment may be absent, but the features are
otherwise identical to classic DL (Fig. 6).
Langerhans cells, which are thought to travel to
the lymph node from the associated irritated skin,
have irregular grooved or folded nuclei and are
morphologically indistinguishable from the

Dermatopathic Lymphadenitis, Fig. 1 Gross image of
a lymph node with dermatopathic lymphadenitis with
prominent brown pigment. This lymph node was inciden-
tally found during an unrelated surgery. The patient had
severe eczema

Dermatopathic Lymphadenitis, Fig. 3 The
dermatopathic nodules are variably well defined and
show a characteristically mottled appearance imparted by
the mixture of pale dendritic/histiocytic cells and darkly
staining lymphocytes

Dermatopathic Lymphadenitis, Fig. 2 On low-power
examination, the lymph node architecture is distorted by
numerous pale-staining nodules which often coalesce and
occupy large areas of the paracortex. Intervening small
reactive follicles are also present

126 Dermatopathic Lymphadenitis



intermixed interdigitating dendritic cells, which are
resident cells of the lymph node (Figs. 5 and 6).

Immunophenotype and Special Stains

Immunophenotyping is not typically required for
the diagnosis of DL, particularly when associ-
ated with a nonmalignant skin disease. Within
the nodular aggregates of pale histiocytic-
appearing cells, immunohistochemical stains
help differentiate the Langerhans cells (CD1a,
langerin, and S100 positive), interdigitating

dendritic cells (CD1a and langerin negative and
S100 positive) (Fig. 7), and macrophages
(CD163 positive). A minor component of
CD123-positive plasmacytoid dendritic cells
may be observed. The lymphocytes in the para-
cortex are predominantly T cells, a majority of
which are CD4-positive T helper cells. In deter-
mining the presence of concurrent nodal
involvement by a cutaneous T-cell lymphoma,
loss of CD7 on the CD4-positive T cells is not
diagnostic of a T-cell lymphoma and can be seen
in reactive conditions.

Dermatopathic Lymphadenitis, Fig. 5 The
Langerhans cells and interdigitating dendritic cells have
oval nuclei with folds or grooves and abundant pale eosin-
ophilic cytoplasm. Adjacent histiocytes are heavily mela-
nin laden

Dermatopathic Lymphadenitis, Fig. 6 In some cases
not associated with an associated cutaneous inflammatory
condition, pigment may be lacking. However, the admix-
ture of cells, including frequent Langerhans and dendritic
cells with grooved nuclei, is typical of dermatopathic
lymphadenitis

Dermatopathic Lymphadenitis, Fig. 7 The dendritic
cells stain strongly for S100 by immunohistochemistry;
although not required to diagnose dermatopathic lymphad-
enitis, S100 immunostaining helps highlight the para-
cortical nodules

Dermatopathic Lymphadenitis, Fig. 4 The para-
cortical nodules contain Langerhans cells, interdigitating
dendritic cells, and macrophages, which are often laden
with melanin pigment
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Molecular and Other Testing

In patients with MF or SS and lymphadenopathy,
the morphology of the excised lymph node can be
identical to the changes of DL. One study evaluated
PCR analysis for T-cell clonality in a series of
patients with MF or SS and associated
lymphadenopathy, including cases with morpho-
logically pure DL and cases with overt nodal
involvement by T-cell lymphoma; they compared
the findings to patients with DL only and no history
of cutaneous T-cell lymphoma. In this series,
a subset of patients withMFor SS andmorphologic
DL were found to have evidence of T-cell clonality,
which was associated with an inferior prognosis
relative to those without evidence of T-cell
clonality. In contrast, patients with DL and no
history of T-cell lymphoma did not have evidence
of T-cell clonality by PCR, suggesting that small T-
cell clones within the lymph node often accompany
DL specifically associated with cutaneous T-cell
lymphomas (Assaf et al. 2005). While the signifi-
cance of a T-cell clone in a morphologically
uninvolved lymph node is controversial, PCR anal-
ysis has been incorporated into the lymph node
staging system of MF and SS patients and should
be considered when DL is observed in the lymph
nodes of patients with cutaneous T-cell lympho-
mas, even if not overtly involved by lymphoma
(Olsen et al. 2007).

Differential Diagnosis

The most important disease to exclude in the
differential diagnosis of DL is the involvement
by MF or SS, which can be masked by the
dermatopathic change in the lymph node. Mor-
phologic nodal involvement by MF or SS has
a negative impact on patient prognosis. Careful
examination of the lymph node for clusters of
atypical lymphocytes should be performed.
These cells are larger than normal lymphocytes,
have irregular and often highly convoluted
nuclei, and may partially efface the lymph node
architecture in areas between the dermatopathic

nodules. In cases without morphologic evidence
of lymphomatous involvement, PCR for T-cell
gene rearrangement should be considered to
inform the nodal stage of the disease, as
discussed above.

Langerhans cell histiocytosis (LCH) can also
be considered in the differential diagnosis. While
both DL and LCH exhibit increased numbers of
Langerhans cells, DL tends to be more para-
cortical in distribution, while LCH is sinusoidal
and often at least partially effaces the architecture
of the involved lymph node. Additionally, LCH
does not typically have associated melanin
pigment.

Rarely, the prominent histiocytic prolifera-
tions may lead to consideration of a histiocytic
sarcoma or monocytic leukemia. However,
unlike the latter conditions, in DL the histiocytic
and dendritic proliferations are organized into
nodules which distort but do not obliterate the
nodal architecture. On high-power examination,
the histiocytes in DL appear bland rather than
overtly malignant.
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Definition

This lymphoma is a neoplasm of large lymphoid
B cells defined by nuclear size equal to or exceed-
ing normal macrophage nucleus or more than twice
the size of a normal lymphocyte nucleus. In addi-
tion, this lymphoma has a diffuse growth pattern.

WHO classification has subdivided diffuse
large B-cell lymphoma (DLBCL) into distinct
entities, DLBCLNOS representing cases that can-
not fit into the distinct entities, high-grade B-cell
lymphomas and B-cell lymphoma, unclassifiable,
with features intermediate between DLBCL and
classical Hodgkin lymphoma (Table 1).

The presence of EBV in tumor cells in DLBCL
NOS is very rare and should lead to eliminate an
immunodeficiency-related lymphoproliferative
disorder, an entity of large B-cell lymphoma
associated with EBV such as DLBCL associated
with chronic inflammation, lymphomatoid
granulomatosis grade 3, EBV-positive mucocuta-
neous ulcer, plasmablastic lymphoma, primary
effusion lymphoma (both EBV and HHV8+),
and HHV8-positive germinotropic lymphoproli-
ferative disorder. Once all these entities are elim-
inated, a diagnosis of EBV-positive DLBCL NOS
can be made. It accounts less than 5% of DLBCL
among western patients with no predisposing
immune deficiency.

Association with other viruses like HHV8
should also be eliminated before assessing a diag-
nosis of DLBCL NOS.

DLBCL De Novo vs Secondary
DLBCL can result from the transformation
(or progression) of a lower-grade lymphoma
(called secondary) or be diagnosed in a biopsy, in
a patient with no known lymphoma history (“de
novo”). However, even in the latter case, it is not
infrequent to find in the same territory or in other
samples, the bonemarrow being themost common,
a different type of lymphoma, usually a small B-cell
lymphoma component. The most frequent entities
that progress to DLBCL are the chronic lympho-
cytic leukemia (CLL), follicular lymphoma,

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Table 1 Entities to be discussed when deal-
ing with large B-cell lymphoma

Diffuse large B-cell lymphoma (DLBCL), NOS

Distinct entities:

T-cell-/histiocyte-rich large B-cell lymphoma

Primary DLBCL of the central nervous system (CNS)

Primary cutaneous DLBCL, leg type

EBV-positive DLBCL, NOS

Provisional entity: EBV+ mucocutaneous ulcer

DLBCL associated with chronic inflammation

Fibrin-associated DLBCL

Provisional entity: large B-cell lymphoma with IRF4
rearrangement

Lymphomatoid granulomatosis grade 1, 2

Lymphomatoid granulomatosis grade 3

Primary mediastinal (thymic) large B-cell lymphoma

Intravascular large B-cell lymphoma

ALK-positive large B-cell lymphoma

Plasmablastic lymphoma

Primary effusion lymphoma

HHV8-positive DLBCL, NOS

HHV8-positive germinotropic lymphoproliferative
disorder

High-grade B-cell lymphoma, with MYC and BCL2
and/or BCL6 rearrangements

High-grade B-cell lymphoma, NOS

B-cell lymphoma, unclassifiable, with features
intermediate between DLBCL and classical Hodgkin
lymphoma
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lymphoplasmacytic lymphoma, marginal zone
lymphomas, and nodular lymphocyte-predominant
Hodgkin lymphoma.

Clinical Features

Patients usually present rapidly growing masses in
one or more nodal and/or extranodal sites. Almost
half of patients are stages I or II. However,
B symptoms and increased LDH level are present
in a substantial number of patients.

• Incidence
DLBCL represents the most frequent type of
lymphoma in adult patients, around 25–35% in
western countries and around 40% in devel-
oped countries.

• Age
It is more frequent in the elderly, but may also
occur in younger adults and even in children.

• Sex
Predominance is slightly higher in men.

• Site
Patients may present nodal, extranodal
involvement, or both. Up to 40% of initial
presentations are extranodal. The gastrointesti-
nal tract is the most common involved site
(stomach and ileocecal region). Other frequent
extranodal sites are the bones, testes, spleen,
Waldeyer ring, thyroid, salivary glands, liver,
kidney, and adrenal glands.

Skin and CNS primary involvement are
considered as different entities than
DLBCL NOS.

Bone marrow involvement by DLBCL can
vary from 11% to 17% of the cases. Morpho-
logical involvement of the peripheral blood is
rare, but DNA shedding from tumor cells in the
plasma is a new target for molecular evaluation
and follow-up.

• Treatment
Anthracycline-based chemotherapy such as
CHOP regimen combined with anti-CD20
rituximab (6 R-CHOP 21) is considered as
the gold standard treatment. In young adults,
more intensive chemotherapy regimens such as
R-ACVBP and R DA-EPOCH are used, but

only one phase III trial in a subgroup of young
patients with DLBCL has shown a survival
benefit with R-ACVBP regimen compared to
R-CHOP. Targeted therapies such as
bortezomib, Revlimid or BTK inhibitors along
with R-CHOP backbone have not proved their
efficacy in randomized trials, as well as
Revlimid in maintenance even among patients
with ABC or non-GCB DLBCL. Some groups
are using with success FDG-PET-driven con-
solidation strategy after two and four cycles of
chemotherapy. Recently, CARTcells were pro-
posed to relapse/refractory DLBCL with high
rates of durable responses.

• Outcome
The major clinical factors predicting outcome
that are used for therapy stratification are the IPI
(International Prognostic Index) factors: age
over 60 years, stage according to Ann Arbor,
LDH levels, performance status, and number of
extranodal sites involved. Tumor bulk such as
the existence of a tumor mass �10 cm is also
considered as a prognostic factor. Overall, with
R-CHOP treatment, around 60–65% of patients
are alive with a 5-year follow-up. Prognostic
imaging biomarkers such as the Delta SUVmax
between zero and four cycles or biological bio-
markers (either in tumor or in the blood) have
been described (see below).

Macroscopy

Tissue involved by DLBCL is usually fleshy with
sometimes areas of necrosis.

Microscopy

It is usually characterized by a destruction of the
architecture by diffuse infiltration of large lym-
phoid cells. In some lymph nodes, the involve-
ment may be interfollicular. Sclerosis may be
present with variable number of T cells, but
sheets of large tumor cells are always present.
Cases with medium to large cells may exist and
raise diagnostic difficulties with other lymphoma
types.
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Concerning DLBCL, three common morpho-
logical variants (centroblastic, immunoblastic,
and anaplastic) have been identified, although
there is often a pleomorphism of tumor cells and
reproducibility of morphological classification
has been an issue and is not mandatory to report
in the final conclusion.

Centroblastic Variant (Fig. 1)
This is the most common variant, composed of
medium- to large-sized cell presenting oval or
round nucleus with two to four nuclear
membrane-bound nucleoli and clear chromatin
(vesicular nucleus). Their cytoplasm is scant,
amphophilic, or basophilic, sometimes larger in
extranodal sites. The tumor can be classified
centroblastic monomorphic (if at least 90% of
centroblasts) or centroblastic polymorphic
(if less than 90% of centroblasts and between
10% and 90% of immunoblastic cells). Some
centroblasts are multilobated (Fig. 2).

Immunoblastic Variant (Fig. 3)
It is composed of at least 90% of immunoblasts,
cells with one large central nucleolus and baso-
philic cytoplasm. Sometimes, these cells may
show plasma cell differentiation with an
eccentrated nucleus and a large cytoplasm,
looking like plasmablast (Fig. 4). Immunohisto-
chemistry is important to distinguish this DLBCL
NOS variant from plasma cell neoplasms or
plasmablastic lymphoma.

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 1 Diffuse large B-cell lymphoma, NOS,
centroblastic monomorphic

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 3 Diffuse large B-cell lymphoma, NOS,
immunoblastic

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 4 Diffuse large B-cell lymphoma, NOS,
immunoblastic with plasma cell differentiation
(plasmablastic)

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 2 Diffuse large B-cell lymphoma, NOS,
centroblastic monomorphic, with multilobated centroblasts
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Anaplastic Variant (Fig. 5)
It is represented by large to very large round,
oval, or polygonal cells with bizarre pleomor-
phic nuclei, which can resemble those of a
Reed-Sternberg cell or neoplastic cells of ana-
plastic large cell lymphoma (ALCL), that deri-
vate from cytotoxic T cells. They can present
sinusoidal and cohesive growth and mimic a
carcinoma.

Immunophenotype

Neoplastic cells usually express pan B-cell markers
such as CD20, PAX5, andCD79a. Intracytoplasmic
immunoglobulins, most commonly IgM, followed
by IgG and other isotypes are found in around 50%
of the cases. This is not correlated with plasma cell
differentiation and CD138 expression which is rare
in CD20+ DLBCL. CD30 can be expressed in
10–20% of cases.

Expression of CD5 is observed in 10% of
cases, usually in de novo cases, rarely resulting
from progression of CLL. Cyclin D1 staining can
be observed, usually in CD5-negative cases, and
is positive in a minority of tumor cells. Prolifera-
tion index evaluated through Ki67 is high, usually
more than 40–100%. p53 is positive in 20–60% of
the cases.

Expression of CD10, BCL6, and MUM1 is
observed in DLBCL and is the basis for the

immunohistochemical classification of the cell of
origin (COO) (differentiating germinal center
B-cell (GCB) DLBCL vs non-GCB/ABC
DLBCL) according to Hans’ algorithm (Fig. 6),
which is the most widely used algorithm for COO
in routine practice. CD10 and BCL6 are germinal
center (GCB) markers, and MUM1 is a non-
germinal center (non-GCB or activated B-cell-
like) marker. The threshold for each of these
three markers is equal or superior to 30% of
tumor cells (Figs. 7, 8, and 9). Although concor-
dance with the gold standard gene expression
profiling (ABC vs GC; see below “Molecular
Features”) is controversial, some groups reported
86–91% of concordance with gene expression
signatures. Other GC markers have been evalu-
ated such as LMO2 or HGAL as well as ABC
marker such as FOXP1 and have been incorpo-
rated in other algorithms.

MYC and BCL2 can be expressed in DLBCL.
A threshold has been defined as �40% for MYC
and �50% for BCL2 to define double-expressor
DLBCL which has been in some studies but not
all reported as a worse prognostic factor for sur-
vival (Fig. 10). In addition, it has been shown that
an expression of MYC at more than 70% is pick-
ing up more cases with MYC translocation than
cases below 70%.

Molecular Features

The concept of cell of origin in DLBCL results
from transcriptome analysis in 2000 differentiat-
ing DLBCL in two main groups from mRNA
extracted from frozen tissues: germinal center-
like DLBCL (GCB) whose gene expression

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 5 Diffuse large B-cell lymphoma, NOS,
anaplastic (with sinusoidal growth, pseudometastatic)

Non-GCB

BCL6

MUM1

+

-
-

-

+
+

GCB

Non-GCB

CD10

GCB

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 6 Hans algorithm to subtype DLBCL
into GCB (germinal center B-cell-like) and non-GCB
subtypes
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profiling (GEP) was similar to normal germinal
center B cell and activated B-cell-like (ABC)
DLBCL whose GEP was similar to activated
peripheral blood cells activated by CD40. How-
ever deeper analyses showed using Wright’s algo-
rithm that around 15% of cases were not

classified, named Unclassified subgroup or type
III. Interestingly, most studies showed that with
R-CHOP treatment, GCB DLBCL have a better
prognosis compared to ABC DLBCL indepen-
dently of IPI. Recently targeted gene expression
signatures working on formalin-fixed paraffin-

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 8 Diffuse large B-cell lymphoma
CD20+, non-GCB subtype, with double expression

phenotype MYC+BCL2+. Tumor cells do not express
CD10 (presence of an internal positive control) and express
BCL6 (more than 30%).

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 7 Diffuse large B-cell lymphoma
CD20+, non-GCB subtype, with double expression

phenotype MYC+BCL2+. Strong expression of CD20 by
tumor cells and absence of expression of CD5 (few posi-
tive T cells).
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embedded tissues have been developed using
Nanostring or RT-MLPA technology.

In addition to tumor cell of origin, stromal cell
signatures related to microenvironment (histio-
cytes, extracellular matrix, angiogenesis) have
been described but are rarely used.

It has been shown that the oncogenic genetic
events (amplification, deletion, mutation, transloca-
tion) were different when comparingABC andGCB

DLBCL, although some genetic events were shared
between these two groups. However, the landscape
is highly variable from case to case, even if some
events are more recurrent than others.

IgH/BCL2 translocations occurred in 10–20%
of DLBCL and only in GCB DLBCL. BCL6
translocations were detected in around 20 to
30% of DLBCL, mainly ABC. MYC transloca-
tions (10%) of DLBCL occur mainly in GCB

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 9 Diffuse large B-cell lymphoma
CD20+, non-GCB subtype, with double expression

phenotype MYC+BCL2+. Tumor cells express MUM1
(more than 30%) and around 40 to 50% express Ki_67.

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise
Specified), Fig. 10 Diffuse large B-cell lymphoma
CD20+, non-GCB subtype, with double expression

phenotype MYC+BCL2+. Tumor cells express BCL2
(100%) and around 40% of tumor cells express C-MYC.
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DLBCL. It has been shown that the partner of
MYC translocation is important to consider as Ig
(either heavy or light chain genes) partner pre-
dicted a worse prognosis than non-Ig/MYC trans-
locations. MYC translocation with BCL2 and/or
BCL6 translocation is now included in the new
2016 WHO classification in the entity of high-
grade B-cell lymphoma with MYC and BCL2
and/or BCL6 rearrangements.

Among the numerous gains/amplification or
deletions observed, gains/amplifications of 2p16
(c-REL), 3q27 (BCL6), and 18q21.3 (BCL2) as
well as deletion of 1p36.2 (TNFRSF14), 6q21
(PRDM1), and 9p21 (CDKN2A) are observed in
GCB and ABC subgroups. However, amplifica-
tion of 2p16 and deletion of 1p36.2 are more
present in GCB, and gain in 3q27 and 18q21.3
and deletion in 6q21 and 9p21 are more prevalent
in ABC DLBCL.

Among the main mutations (below 30% except
MLL2) observed, GCB DLBCL are mainly char-
acterized by BCL2, MYC, EZH2, TNFRSF14,
GNA13, SGK1, and SOCS1 mutations, whereas
ABC DLBCL are mainly characterized by
TNFAIP3 (A20), MYD88, CD79a/b, CARD11,
and PRDM1 (BLIMP1) mutations. Some muta-
tions are present in both subtypes such as
CREBPP/EP300, KMT2D/MLL2 (40% of
DLBCL), B2 microglobulin, CD58, MEF2B,
FOX01, and TP53.

These genetic events targeted different path-
ways: altered histone/chromatin modifications
(both GCB and ABC), immune escape (both
GCB and ABC), deregulated BCL6 activity (both
ABC and GCB), apoptosis, cell cycle alteration,
tumor suppressor gene pathway, NOTCH pathway,
terminal B-cell differentiation block (ABC), con-
stitutive NF-kB/BCR activity (ABC) PI3K-AKT-
mTOR (GCB), and JAK/STAT (GCB).

Taking into account the heterogeneity within the
ABC or GCB subgroups that may explain why
targeted therapy did not show efficacy in random-
ized trials, different subgroups of DLBCL combin-
ing different genetic abnormalities either within
ABC or GCB subtypes have been defined.
DLBCL GCB subgroup usually combining either
EZH2mutations or BCL2 translocations and PTEN
mut/del, EZH2, KMT2D, CREBPP, TNFSR14, and
GNA13mutations behaveworse than those without

these mutations. On the other hand, among ABC
DLBCL, a subgroup withNOTCH2 and A20muta-
tions is of better prognosis than the one with
MYD88L265P, CD79b, PRDM1(BLIMP1) muta-
tion. Another small ABC subgroup with rare
NOTCH1 and IRF4 mutation is of bad prognosis.
In addition, it appears that another group of
DLBCL defined by the main gain and deletions
common in both GCB and ABC DLBCL (except
18p21 amplification) predicted a worse prognosis.

Plasma cell-free tumor DNA (ctDNA) analysis
in the blood may become an important target for
DLBCL diagnosis and mainly for follow-up
(response to treatment, emergence of new sub-
clones, etc.).

Nevertheless, it is important to realize that
genetic abnormalities do not summarize all the
pathogenic effects of DLBCL as, for example,
subcellular protein-protein interaction has been
shown to potentially explain differential response
to targeted therapy in patients with DLBCL.

Differential Diagnosis

• Grade 3B FL may represent a challenging dif-
ferential diagnosis as it is characterized by
large lymphoid B cells with a follicular archi-
tecture that can be very difficult to diagnose on
needle biopsies. However, in most clinical
groups, the management of these patients is
similar to DLBCL.

• Entities like the aggressive variant, pleomor-
phic subtype of mantle cell lymphoma can
have diffuse architecture and large-sized lym-
phoid B cells. It is therefore crucial to stain for
CD5 all the DLBCL and to stain for cyclin D1
all the CD5+ cases. These cases of pleomorphic
mantle cell lymphoma might have a partially
nodular architecture as well as a mantle zone
architecture. DLBCL may express cyclin D1,
but often in a minority of cells. In cases doubt-
ful between mantle cell lymphoma and
DLBCL, FISH for cyclin-D1 rearrangement
can be performed as it is a very reliable marker
of mantle cell lymphoma and not observed in
DLBCL.

• Immunoblastic or plasmablastic morphology
among EBV-negative or HIV-negative patients

Diffuse Large B-Cell Lymphoma, NOS (Not Otherwise Specified) 135

D



should lead to discuss ALK+ large B-cell lym-
phoma before assessing a diagnosis of
DLBCL NOS.

• Extranodal angiocentric and angiodestructive
features should lead to discuss EBV B-cell
lymphoproliferation, such as lymphomatoid
granulomatosis.

• T-cell-rich DLBCL should lead to discuss
T-cell-/histiocyte-rich large B-cell lymphoma.
However, the presence of cohesive sheets of
large B cells, even in a T-cell-rich microenvi-
ronment, allows a diagnosis of DLBCL NOS.

• DLBCL arising in children or young adults,
with strong co-expression of BCL6 and
MUM1 (and sometimes CD10 and/or CD5)
presenting often as cervical and/or Waldeyer
ring tumors, should lead to discuss the new
provisional entity “large B-cell lymphoma
with IRF4 rearrangement” whose prognosis is
better than DLBCL NOS.

• Indeed the most difficult differential diagnosis
is Burkitt lymphoma, especially when the phe-
notype of the aggressive B-cell lymphoma is
CD10-positive BCL6-positive BCL2-negative
Ki67 100%. It can be easy when cytology
clearly shows large B cells such as typical
centroblasts or large immunoblasts that are
clearly different from medium-sized Burkitt
cells with dispersed chromatin and small cen-
tral nucleoli. However, sometimes, the mor-
phological pattern is intermediate between
DLBCL and Burkitt and poorly reproducible
between pathologists. Taking into account this
problem, the 2016 WHO created two entities
based on the fact that double-hit (MYC associ-
ated with BCL2 and/or BCL6 rearrangement)
have a worse prognosis compared to non-
double-hit aggressive B-cell lymphomas.
Indeed, all the cases of aggressive B-cell lym-
phoma with double-hit or triple-hit
rearrangement (except rare follicular lympho-
mas and lymphoblastic lymphomas) are clas-
sified as high-grade B-cell lymphoma with
MYC and BCL2 and/or BCL6 rearrangements,
not considering the cytology, that can be dif-
fuse large B-cell lymphoma NOS type, inter-
mediate between Burkitt and DLBCL or

blastoid (mimicking lymphoblastic lymphoma
cytology). This entity underlines the need for
all DLBCL to look for MYC translocation to
avoid underdiagnosis of this entity as no phe-
notype can reliably predictMYC translocation.
When these cases are MYC rearranged, FISH
for BCL2 and BCL6 should be performed to
recognize this entity. The second entity created
is represented by aggressive mature B-cell
lymphomas with intermediate Burkitt/
DLBCL cytology or blastoid cytology that
are not double or triple hit. This entity is
named high-grade B-cell lymphoma NOS.
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Enteropathy-Associated T-Cell
Lymphoma

Jan M. A. Delabie
Laboratory Medicine and Pathobiology,
University Health Network and University of
Toronto, Toronto, ON, Canada

Synonyms

Enteropathy-type T-cell lymphoma; Epitheliotropic
intestinal T-cell lymphoma

Definition

Enteropathy-associated T-cell lymphoma (EATL)
is a lymphoma arising from peripheral gut-
associated CD103 and CD8 expressing T cells.
These cells can either be T-cell receptor (TCR)
ab or TCR gd expressing T cells. The lymphoma
is associated with enteropathy that either precedes
lymphoma development or is concurrent with it.
Two types are currently recognized. EATL type
I now designated as EATL is associated with
celiac disease and consists of large pleomorphic
lymphoma cells. EATL type II now, designated as
Monomorphic Epitheliotropic Intestinal T-cell
Lymphoma (MEITL) has no known association
with food intolerance and consists of medium-
sized monomorphic lymphoma cells. The cause
of MEITL is not known.

EATL, as celiac disease, is highly associated
with HLA-DQ2 or HLA-DQ8 haplotype. EATL
may be preceded by therapy-resistant celiac
disease. Refractory celiac disease is diagnosed
when the disease has not responded to therapy
after 6–12 months. RCD is diagnosed only in 1%
of all patients with celiac disease and remains
a rare occurrence. Two types of refractory celiac
disease (RCD) are recognized. RCD type
I shows the histologic features of regular celiac
disease with polyclonal intra-epithelial T cells
that express CD3, CD5, CD7, and CD8. By
contrast, RCD type II is characterized by infil-
tration with T cells that have lost CD3 and CD8
expression. The T cell infiltrate in RCD type II is
frequently clonal, as demonstrated by TCR gene
rearrangement analysis. Either demonstration of
an abnormal immunophenotype or demonstra-
tion of clonal TCR gene rearrangements, or
both, defines RCD type II. Also, T cells may
show cytological atypia. RCD type II has
a high frequency of progression to ulcerative
jejunitis and EATL.

MEITL has no haplotype association. Precur-
sor lesions characterized by small intra-epithelial
cells without atypia that most frequently
express CD56 but may have lost CD5 or CD8
are usually seen in resection specimens but are
not usually diagnosed prior to lymphoma
diagnosis.

EATL presents clinically most frequently
with abdominal pain, diarrhea, weight loss, or
infection due to bowel perforation.
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Clinical Features

• Incidence
The incidence of enteropathy-associated
T-cell lymphoma varies according to geo-
graphic region of the world and parallels the
geography of celiac disease. It is most preva-
lent in Caucasians. Only two population-
based studies have been conducted so-far to
better study the incidence. Population-based
studies from the United States, based on the
Surveillance, Epidemiology and End Results
(SEER) database, indicated an annual inci-
dence of 0.016 per 100.000. A population-
based study from the Netherlands, indicates
a higher incidence of 0.1 per 100.000. The
incidence of enteropathy-associated T-cell
lymphoma is rising, a fact likely contributed
to the increasing incidence of celiac disease.
Enteropathy-associated T-cell lymphoma
comprises 5.4% of all peripheral T-cell lym-
phoma, with notable differences for Europe
(9.1%), North America (5.8%), and Asia
(1.9%). two-thirds are MEITL and one-third
is EATL. Of note MEITL seems to have an
equal incidence in all populations. By con-
trast, EATL is extremely rare in the
Asian population.

• Age
The median age at presentation is 60 years and
is about equal for patients with EATL and
MEITL.

• Sex
Enteropathy-associated T-cell lymphoma is
most common in males (Male:Female ratio:
1.13) and this is even more pronounced for
MEITL (Male:Female ratio: 1.5). Despite the
equal incidence of celiac disease between both
sexes, EATL is more frequent in males. This
has been attributed to the fact that females may
seek medical help at an earlier stage and may
be more compliant with a gluten-free diet than
men.

• Site
The most common site of involvement, in
between 80 and 90% of patients, is the small
intestine. However, stomach and colon can be
involved. Multiple of these sites are involved

in about 20% of patients. The lymphoma most
frequently spreads to mesenteric and abdomi-
nal lymph nodes and much more rarely to other
lymph nodes and other organs. It is virtually no
seen in the bone marrow.

• Treatment
Treatment for EATL traditionally consists of
anthracycline-based chemotherapy. However,
survival with the treatment is dismal, typically
less than 1 year, and does not result in long-time
remission or cure. Some recent studies have
shown that this therapy, when followed by high
dose chemotherapy and autologous stem cell
transplantation results in a much improved over-
all survival of two-thirds of the patients. Of inter-
est, the survival curves show a plateau, indicating
cure in a substantial number of patients. This
seems thus a promising treatment for patients
with EATL. It must be noted, however, that only
two-thirds of patients reach complete or partial
remission upon chemotherapy and are eligible for
subsequent autologous stem cell transplantation.

Surgery is part of the therapy in those
patients with bowel intussusception, perfora-
tion, or bulky tumours. It is not unusual for
patients to have a first diagnosis of EATL fol-
lowing surgery and pathologic examination of
the resection specimen. Surgical tumor
debulking has a positive effect on survival in
at least one study. In total, about two-thirds of
patients undergo surgery as part of the
treatment.

• Outcome
The median survival for EATL as well as
MEITL is between 7 and 10 months. Adverse
prognostic factors are a tumour mass larger
than 5 cm, elevated serum LDH and CRP
levels. Stage of disease does not predict sur-
vival in EATL. Of practical note with regard to
staging with positron emission tomography,
while EATL is FDG-avid in all cases,
two-thirds of MEITL cases are not FDG-avid.
Of interest, for EATL a previous history of
RCD type II is an additional adverse prognos-
tic factor. However, this is only in univariate
analysis but not in multivariate analysis incor-
porating also stage, serum albumin level and
type of therapy.
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Macroscopy

EATL and MEITL show similar macroscopic
findings. One finds most frequently a large tumour
mass in the bowel with extensive ulceration
(Fig. 1) and in a substantial number of cases,
perforation. The tumor is most frequently
transmural.

Microscopy

1. EATL
The tumor is composed of medium to

large lymphoid cells with irregular nuclei
with one or more nucleoli (Fig. 2). Anaplastic
lymphoma cells may be interspersed and are
in some cases numerous. There is a variable
degree of stromal infiltration with eosino-
phils, plasma cells, small lymphocytes, and
histiocytes. Areas with necrosis are com-
monly seen but vascular invasion is not
a feature. The adjacent mucosa may
show typical features of celiac disease,
including intraepithelial infiltration with
small lymphocytes, crypt hyperplasia, and
villus atrophy (Fig. 3). In some cases,
intraepithelial cells show nuclear atypia, sug-
gestive of RCD type II or ulcerative jejunitis
(Fig. 4).

2. MEITL
The tumor is composed of a monotonous

population of small to medium large lym-
phoid cells with slightly irregular nuclear
contours (Figs. 5 and 6). Typically, the
nuclear chromatin is denser, coarser, and
more clumped than seen in type I lymphoma
(Fig. 5). The cytoplasm is inconspicuous.
Stromal cells are scant. Necrosis and vascular
invasion are typically not present in MEITL.
Typically, the mucosa adjacent to the main
tumor lesion shows marked intra-epithelial
infiltration with tumor cells (Fig. 7). This
is an infrequent finding in EATL. Of interest,
the mucosa more peripheral to the tumor or
even at sites that are not in continuity with the
main lesion may show intraepithelial infiltra-
tion with small lymphocytes that do not
appear atypical. However, villous atrophy is
minimal and crypt hyperplasia is not seen.

Immunophenotype

1. EATL
Tumor cells typically express CD3, TIA1,

granzyme B, and TCR ab. CD5 and CD8 may

Enteropathy-Associated T-Cell Lymphoma,
Fig. 1 Low power H&E of EATL in the small bowel,
showing ulceration of the mucosa and lymphoma infiltra-
tion of the bowel wall

Enteropathy-Associated T-Cell Lymphoma,
Fig. 2 High power H&E of EATL in the small bowel,
showing a diffuse lymphoma infiltrate that is composed of
large pleomorphic cells with clear cytoplasm. Some
scattered eosinophils are seen in the stroma
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be expressed in a small subset of cases, while
CD4, CD7, and CD56 are typically not
expressed. CD8 and CD30 are variably
expressed, usually but not always, by only
a subset of lymphoma cells. Tumor cells are
not EBV-infected as shown by in situ hybridi-
zation for EBER, although in some cases, some
scattered stromal cells may be EBV-infected.
CD103, a subunit of the aEb7 integrin, is
expressed by normal intraepithelial

lymphocytes in the gut. The integrin aEb7
binds to E-cadherin expressed by enterocytes,
thus facilitating homing of the lymphocytes to
the epithelium. Accordingly, CD103 is also
expressed by over half of EATL cases.
However, CD103 is not an exclusive marker
for EATL as it may also occasionally be
expressed by other mature T cell neoplasms,
especially adult T cell lymphoma/leukemia.

2. MEITL
Tumor cells typically express CD3, CD7,

CD8, CD56, TIA1, and granzyme B. Two-thirds

Enteropathy-Associated T-Cell Lymphoma,
Fig. 3 Low power H&E of the small bowel wall at
a distance from EATL lymphoma. The mucosa shows
complete villous atrophy, crypt hyperplasia, and pro-
nounced infiltration of the epithelium with small lympho-
cytes, features typical of celiac disease

Enteropathy-Associated T-Cell Lymphoma,
Fig. 4 Low power H&E of the small bowel wall at
a distance from an EATL lymphoma. The mucosa shows
superficial ulceration with pronounced inflammatory
changes. Atypical intraepithelial lymphocytes (not illus-
trated) were demonstrated in the adjacent mucosa. These
features are typical of ulcerative jejunitis

Enteropathy-Associated T-Cell Lymphoma,
Fig. 5 Low power H&E of MEITL in the small bowel,
showing ulceration and a diffuse monomorphic lymphoid
infiltration in the bowel wall

Enteropathy-Associated T-Cell Lymphoma,
Fig. 6 High power H&E of MEITL in the small bowel,
showing a diffuse lymphoma infiltrate, composed of
small to intermediately sized cells with round, slightly
irregular nuclei with clumped chromatin and scant
cytoplasm

140 Enteropathy-Associated T-Cell Lymphoma



of cases express the TCR gd. CD5 or CD30 are
typically absent. Of interest, aberrant expression
of CD20 may be seen. A novel nuclear marker
MATK is typically expressed in MEITL, but not
in EATL type I. As for EATL, tumour cells are not
EBV-infected, but some infection of some stromal
cells may be seen. CD103 may equally be
expressed by MEITL.

Molecular Features

1. EATL
Gain of chromosome 9q31 and loss of chro-

mosome 16q12
2. EATL type II

Gain of chromosome 8q24

Differential Diagnosis

Identifying the morphologic and immunophen-
otypic characteristics of EATL should allow the

diagnosis of this lymphoma with confidence. How-
ever, secondary involvement with lymphoma, espe-
cially peripheral T-cell lymphoma NOS, anaplastic
large cell lymphoma, or hepatosplenic T-cell lym-
phoma should be excluded. Clinical information
indicating involvement of peripheral lymph nodes
or skin, diffuse involvement of liver or spleen, or
involvement of the bone marrow should question
the diagnosis of EATL. NK/T-cell lymphoma, nasal
type can also present in the gut but can be excluded
by virtue of its infection with EBV, prominent
necrosis and angiocentric growth, features not seen
in EATL. NK-cell enteropathy needs to be distin-
guished from MEITL. NK-cell enteropathy may
resemble MEITL but has a benign clinical course.
NK-cell enteropathy shows a superficial infiltrate of
intermediate to large atypical cells with a NK cell
immunophenotype (sCD3-CD4-, CD8-, CD56+)
and does not show clonal TCR gene
rearrangements. The latter is in contrast to EATL
type II. Finally, indolent T-cell lymphoproliferative
disease of the gastrointestinal tract should be
excluded. The latter disease is characterized by
a superficial monomorphic CD8 expressing T cell
infiltrate. Importantly, indolent T-cell lymphoproli-
ferative disease of the gastrointestinal tract consists
of small lymphocytes without overt atypia and
shows a low proliferation rate.
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Synonyms

Essential hemorrhagic thrombocythemia;
Idiopathic thrombocythemia; Primary
thrombocythemia

Definition

Essential thrombocythemia (ET) is a subtype in
the group of chronic myeloproliferative neo-
plasms (MPN) and usually defined by a marked
and sustained thrombocytosis. The platelets
often display anisocytosis, ranging from tiny
forms to atypical large, giant platelets that may
reveal bizarre shapes, pseudopods, and
agranularity. The WBC count and leukocyte dif-
ferential are usually normal, although a border-
line elevation in the neutrophil lineage may
occur. Even in prodromal stages of ET, relevant
complications (i.e., hemorrhage, vascular
events) have been described. These patients
presented with a persistent platelet count lower
than the threshold value of 450 � 109/L
required to meet the diagnostic criteria of the
WHO but reveal corresponding driver mutations

(JAK2, CALR, MPL) in most cases and clearly
demonstrate a characteristic BM morphology
(Table 1).

Clinical Features

• Incidence
The reported annual incidence of ET ranges
from 0.59 to 2.53/100,000 inhabitants, and its
prevalence is around 30/100,000, which is
like the data for polycythemia vera (PV). ET
usually is found in adult patients with a
median age at diagnosis of 60 years, however,
with a slight predominance of females, and
particularly in women their third or fourth
decade of life. Occasionally, the diagnosis of
ET can be rendered in children, but these
patients must be distinguished from rare
cases of hereditary thrombocytosis, and reac-
tive causes of thrombocythemia must be
definitively excluded. Familial clustering is
known, and relatives of patients with ET
revealed a more than sevenfold increase in
the relative risk of having a similar MPN.
Initial presentation of ET may include vascu-
lar occlusions, hemorrhage, or microvascular
complications that lead to transient ischemic
attacks and digital ischemia with paresthesias.
Some patients may present with a thrombosis
of major arteries and veins like splenic or
hepatic vein thrombosis as in the Budd-Chiari
syndrome. Increase in spleen size at time of
diagnosis is seen only in a minority of patients.
Generally, there is no anemia or occurrence of
circulating blasts, and serum levels of lactate
dehydrogenase (LDH) are within the normal
range. In cases with borderline anemia, palpable
spleen, slight elevation of LDH serum level, or
evidence of erythroid and/or granulopoietic pre-
cursors in the peripheral blood in particular,
very early (prefibrotic) stages of PMF
(prePMF) should be discriminated by careful
bone marrow examination.

• Outcome
In most patients, ET is an indolent disorder
characterized by long symptom-free intervals,
interrupted by occasional life-threatening
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thromboembolic or hemorrhagic episodes.
Although after many years a few patients with
ET may develop bone marrow fibrosis, such
progression is very uncommon. The exact inci-
dence of myelofibrotic transformation in ET
persists to be a critical issue and is certainly
influenced by risk status and diagnostic criteria.
Careful bone marrow morphological examina-
tion is crucial in the diagnostic workup of post-
ET myelofibrosis (post-ET MF), since appear-
ance of bonemarrow fibrosis with a gradeMF-2
or MF-3 is a prerequisite for the diagnosis. Sec-
ondly, only cases with predefined and
documented ET according to the WHO guide-
lines fall into this category. Strict adherence to
the WHO criteria is necessary to prevent diag-
nostic confusion associated with early PMF
accompanied by thrombocytosis. Concerning
the frequency of true post-ET myelofibrosis,
the transformation rate is 2.8% at a median
follow-up of 9.1 years (or a 10-year risk of

3.9% and a 15-year risk of 6%). Transformation
of ET to acute myeloid leukemia orMDS occurs
in fewer than 5% of patients and is likely related
to previous cytotoxic therapy. Because ET is
usually diagnosed in middle age, the life expec-
tancy is near normal for most patients. Overall
risk of thromboembolic complications is corre-
lated with high white blood cell counts and
driver mutation status. In this regard, patients
presenting with a CALR mutation have a very
low risk of events.

Microscopy

Characteristic BM histopathology in ET is usu-
ally consistent with an age-matched cellularity
and a predominant megakaryopoiesis without a
significant erythroid or neutrophilic myelo-
proliferation (Fig. 1). Gross disturbances of the
histological topography of megakaryocytes

Essential Thrombocythemia (ET), Table 1 WHO diagnostic criteria for ET and post-ET MF

ET Post-ET MF

Major criteria
1. Platelet count equal to or greater than 450 � 109/L
2. Bone marrow biopsy showing proliferation mainly of
the megakaryocyte lineage with increased numbers of
enlarged, mature megakaryocytes with hyperlobulated
nuclei;
No significant increase or left shift of neutrophil
granulopoiesis or erythropoiesis and very rarely minor
increase in reticulin fibers (grade 1)
3. Not meeting WHO criteria for BCR-ABL1+ CML, PV,
PMF, MDS, or other myeloid neoplasms
4. Presence of JAK2, CALR, or MPL mutation

Required criteria
1. Documentation of a previous diagnosis ofWHO-defined
essential thrombocythemia
2. Bone marrow fibrosis grade MF-2 or MF-3

Minor criteria
1. Presence of a clonal marker or absence of evidence for
reactive thrombocytosis

Additional criteria
1. Anemia or sustained loss of either phlebotomy (in the
absence of cytoreductive therapy) or cytoreductive
treatment requirement for erythrocytosis
2. Leukoerythroblastic peripheral blood smear
3. Increasing splenomegaly defined as either an increase in
palpable splenomegaly of >5 cm (distance from the left
costal margin) or the appearance of a newly palpable
splenomegaly
4. Elevated LDH level
5. Development of >1 of 3 constitutional symptoms:
>10% weight loss in 6 months, night sweats, unexplained
fever (>37.5 �C)

Diagnosis of ETrequires meeting all fourmajor criteria
or the first three major criteria and one of the minor
criteria

Diagnosis of post-ET MF needs meeting both required
criteria and at least 2 additional criteria
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like extensive dense clustering or prominent
lining along the bony trabeculae are normally
not detectable, because in ET megakaryocytes
reveal a random distribution or very loose
groupings within the BM space (Fig. 2). Key
features are the large to giant cell forms
with extensively folded (hyperlobulated)
nuclei surrounded by well-differentiated
(mature) cytoplasm (Fig. 3). Any increase in
the reticulin fibers, i.e., myelofibrosis, is not
compatible with early-stage ET (Fig. 4). Any
case with a mild to moderate granulocytic and
erythroid growth pattern (panmyelosis) and an
EPO level below the reference range is suspi-
cious for masked (pre-polycythemic) PV mim-
icking ET. Cases with borderline anemia,

palpable spleen, slight elevation of LDH serum
level, or evidence of erythroid and/or
granulopoietic precursors in the peripheral
blood, or an increase in leukocytes in particular
prePMF should be discriminated by careful BM
examination.

Molecular Features

In about 60% of cases with ET, a JAK2V617F or
functionally similar mutation can be found;
approximately 30% of patients show a positive
CALR mutation status, and in <5% a MPL

Essential Thrombocythemia (ET), Fig. 1 Normocellu-
lar BM with megakaryocyte proliferation

Essential Thrombocythemia (ET), Fig. 2 Median to
large-sized megakaryocytes in ET without any morphologi-
cal abnormalities. No dysplasia in erythro- or granulopoiesis

Essential Thrombocythemia (ET), Fig. 3 Immuno-
histochemical staining of characteristic ET megakaryo-
cytes (CD61)

Essential Thrombocythemia (ET), Fig. 4 ET with nor-
mal grade reticulin (MF-0 according to WHO grading
system). Scattered linear reticulin as internal positive
control
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mutation is found. In less than 10% of patients, no
driver mutation can be detected; in these wild-
type cases, the differential diagnosis of reactive
thrombocytosis is crucial. However, none of these
driver mutations is specific for ET as they can be
found in PV and PMF as well, but none of these
mutations are reported in cases of reactive
thrombocytosis. Of note, MPN associated driver
mutations have been found in very low frequen-
cies in old patients without presenting any hema-
tological neoplasia. Very rarely an abnormal
karyotype is found in ET when diagnosed
according to the WHO criteria. There is no con-
sistent abnormality, but those reported include +8,
abnormalities of 9q, and del(20q). Careful mor-
phologic examination is required in cases pre-
senting with isolated del(5q) in order to
differentiate from myelodysplastic syndromes
associated with increased platelet counts.

Differential Diagnosis

Contrasting early/prefibrotic stages of PMF with
accompanying thrombocytosis which is fre-
quently confused with ET, neither a relevant
increase in age-matched cellularity nor a signifi-
cantly expressed left-shifted neutrophil
granulopoiesis is found. Any case with a mild
to moderate granulocytic and erythroid growth
pattern (panmyelosis) and an EPO level
below the reference range is suspicious
for masked (pre-polycythemic) polycythemia
vera (PV) mimicking ET cases with borderline
anemia, palpable spleen, slight elevation of LDH
serum level, or evidence of erythroid and/or
granulopoietic precursors in the peripheral
blood, or an increase in leukocytes in particular
prePMF should be discriminated by careful BM
examination. In clonally undefined cases, i.e.,
wild-type, reactive causes of thrombocythemia
must be excluded. At times, the clinical and mor-
phological distinction between ET and prePMF
with associated thrombocytosis might not be
clear-cut. As the therapeutic relevance in these
early stages is still a matter of debate, a strict
adherence to theWHO criteria for making a work-
ing diagnosis and close monitoring of the patient

to capture any substantial changes that might
warrant revision of diagnosis is recommended.
Significant dyserythropoiesis or dysgra-
nulopoiesis suggest a diagnosis of myelodysplasia
(MDS) rather than ET. The large megakaryocytes
with hyperlobulated nuclei of ET contrast with
the small to medium-sized, monolobated
dysplastic megakaryocytes seen in MDS.
When myelodysplastic and myeloproliferative
(MDS/MPN) features simultaneously present in
BM and more than 15% ring sideroblasts are
found in the aspirate, the case should be defined
as MDS/MPN-RS-T. It is important to note that
the diagnostic criteria of these cases include not
only the finding of an elevated platelet count in
conjunction with anemia and presence of ring
sideroblasts in the marrow but also morphologi-
cally abnormal megakaryocytes. Finally, some
patients with chronic myeloid leukaemia (CML)
may initially present with thrombocytosis without
leukocytosis and can mimic ET clinically. The
characteristic large megakaryocytes of ET can be
easily distinguished from the small “dwarf”mega-
karyocytes typically seen in CML; however, cyto-
genetic and/or molecular genetic analysis to
exclude a BCR-ABL1 fusion gene is
recommended for all patients in whom a diagnosis
of ET is considered.
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Extranodal Marginal Zone
Lymphoma of Mucosa-
Associated Lymphoid Tissue
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Synonyms

MALT lymphoma

Definition

Extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT lymphoma) is a
cytologically low-grade, indolent B-cell lymphoma
presenting exclusively at extranodal sites, most
frequently in mucosal organs. The neoplastic cells
of MALT lymphoma, morphologically,
phenotypically, and genetically resemble physio-
logical marginal zone B-cells of lymphoid
follicles and show many features of post-follicular
memory B-cells. MALT lymphomas can be seen
virtually in any extranodal site but most frequently
involved organs include stomach, ocular adnexa,
lung, and salivary glands but also non-mucosal
organs such as the skin. MALT lymphomas arise
in a background of chronic inflammation which is

believed to be the cause of the genetic damage
leading to clonal expansion. The cause of the
underlying chronic inflammatory process varies
depending on the site of the tumor. In the stomach,
MALT lymphoma arises in a background of
H. pylori-associated chronic gastritis where T-cell
mediated immune response against H. pylori has
been implicated in growth and maintenance of the
neoplastic B-cell clone. A close association with
infectious agents and MALT lymphoma has been
suggested for other organ sites includingC. psittaci
in the orbital adnexa, and B burgdorferi in the skin.
In a smaller subset of the cases, an autoimmune
disorder involving a mucosal site may be the etiol-
ogy. Examples include Sjogren’s disease and sali-
vary gland MALT lymphoma, and Hashimoto’s
thyroiditis and thyroid MALT lymphoma.

Clinical Features

• Incidence
MALT lymphoma accounts for 5–8% of all
non-Hodgkin lymphomas and is one of the
most common type of B-cell lymphoma in
adults

• Age
MALT lymphomas most frequently present in
the sixth and seventh decade of life but show
wide age distribution and can present in the
pediatric age group.

• Sex
Overall, the disease shows equal distribution
between males and females. However, anatom-
ical site specific differences have been
observed such as increased incidence of
salivary gland MALT lymphomas in females,
and cutaneous MALT lymphomas in males.

• Site
By definition, MALT lymphomas arise at extra-
nodal sites. Most frequent sites of involvement
include stomach, ocular adnexa, lung, skin,
colon, and salivary glands. But other mucosal
organs can be affected. Examples include thy-
roid, thymus, nasopharynx, tonsils, nasal cavity,
kidneys, bladder, breast, liver, and dura.
Although tumors typically remain localized to
the site of origin, local lymph node involvement
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can be seen. In a subset of the cases, dissemi-
nated disease, most frequently involving other
mucosal organs, can develop.

• Treatment
MALT lymphomas are indolent lymphoproli-
ferative disorders and respond well to conserva-
tive management. In cases with infectious or
autoimmune etiology, therapies directed to the
underlying etiology may lead to clinical remis-
sion of the lymphoma. This has been best dem-
onstrated for H.pylori-associated MALT
lymphomas where eradication of the bacterial
infection by antibiotic therapy leads to complete
remission in a subset of the cases. If treatment of
the underlying etiology is not successful or pos-
sible, then locally directed therapies such as sur-
gery or radiation therapy controls disease in most
cases. If there is evidence of systemic dissemi-
nation, systemic immunotherapywith anti-CD20
antibodies alone or in combination with single
agent chemotherapy may be considered.

• Outcome
MALT lymphomas have chronic course
and indolent behavior, and the prognosis
is excellent with appropriate therapy. In
largest studies, an overall 10-year recurrence-
free rate of around 80%, an overall survival
rate of around 90%, and a cause-specific sur-
vival rate of 98% has been reported. Rare cases
of MALT lymphoma can transform into a dif-
fuse large B-cell lymphoma, and such cases
may show a more aggressive clinical course.

Macroscopy

Gross appearances MALT lymphoma depend on
the site of involvement but most cases present
with localized well-circumscribed masses.

Microscopy

Histological features of MALT lymphoma often
mimic histology of normal MALT. Frequently, there
are reactive B-cell follicles with well-defined mantle
zone surrounded by the neoplastic B-cells occupying
the so-called marginal zone. The neoplastic cells are

usually intermediate in size with round or convoluted
nuclei and abundant pale cytoplasm. These cells may
be described as “monocytoid” or “centrocyte-like”
depending on the nuclear and cytoplasmic features.
In mucosal sites, the neoplastic B-cell infiltrate often
extend into the overlying epithelium and form char-
acteristic lymphoepithelial lesions. As the disease
progresses, the neoplastic B-cells can occupy and
replace the reactive follicles, a phenomenon called
“follicular colonization.”Approximately a third of the
cases show plasma cell differentiation. Abnormal
intracellular (so-called Dutcher bodies) or extracellu-
lar deposition of immunoglobulins in various formats
such as amyloid, light chain deposition, or crystal
storing histiocytosis can be seen. When local lymph
nodes are involved, the neoplastic B-cell infiltrate
initially surrounds the resident B-cells follicles giving
a marginal zone pattern. If there is large cell transfor-
mation, the morphological features cannot be distin-
guished from a de novo diffuse large B-cell
lymphoma.

Immunophenotype

The immunophenotype of MALT lymphoma is
similar to physiological marginal zone memory
B-cells. The neoplastic B-cells express pan B-cell
markers including CD20, CD19, Pax5, and CD79a.
They are frequently positive for IgM but negative
for IgD. They lack expression of follicle center
B-cell markers such as BCL6 and CD10, and are
frequently negative for CD5 and CD23.

Molecular Features

The MALT lymphomas show clonal Ig gene
rearrangements with evidence of somatic hyper-
mutation consistent with a memory B-cell origin.
A number of characteristic somatic genetic changes
frequently deregulating NF-kB pathway have been
identified. These include translocations involving
BIRC3/MALT1, IgH/MALT1, IgH/BCL10, deletions
of TNFAIP3, and trisomies of chromosome 3 and 18.

Differential Diagnosis

The main differential diagnosis include reactive
lymphoid proliferations such as follicular gastritis
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Extranodal Marginal Zone Lymphoma of Mucosa-
Associated Lymphoid Tissue, Fig. 1 Gastric MALT

lymphoma. The patient was a 57 years-old male who
presented with persistent upper GI symptoms. Endoscopic
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or myoepithelial sialoadenitis, and other low grade
B-cell lymphomas including mantle cell lym-
phoma, follicular lymphoma, and small lympho-
cytic lymphoma. These can be easily distinguished
by histological features and immunophenotypic
characteristics (Fig. 1).
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Extranodal NK/T Cell
Lymphoma, Nasal Type
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Synonyms

Angiocentric immunoproliferative lesion; Angio-
centric T-cell lymphoma; Lethal granuloma; Lethal
midline granuloma; Midline malignant reticulosis;
Polymorphic reticulosis

Definition

EBV-positive NK or cytotoxic T-cell lymphoma
occurring in the extranodal site. Upper aerodigestive
tract (nasal cavity, nasopharynx, paranasal sinuses,
palate) with the nasal cavity is the prototypic site of
involvement. Necrosis of tumor tissue with
angiodestructive and angiocentric infiltration of
tumor cells is characteristic. EBV is positive in
virtually all neoplastic cells. At initial presentation,
bone marrow involvement is uncommon.

Clinical Features

• Incidence
The prevalence of extranodal NK/T-cell lym-
phoma (ENKTL), nasal-type, varies depending
on ethnicity and geographic location. ENKTL
accounts for 2.6–12% of NHL cases in East
Asian countries and for 0.5–7.8% in Latin
American countries, but only less than 1% of
Caucasian cases. In East Asia and Latin Amer-
ica, ENKTL comprises a major subtype of
mature T and NK cell lymphoma, and the
highest prevalences have been reported in
China (47–57%), Guatemala (60%), Mexico
(40%), Korea (29%), and Chile (23%), in
decreasing order of frequency (The World
Health Organization 2000; Kim et al. 2011;
Sun et al. 2012; Yang et al. 2011; Chuang
et al. 2017; Laurini et al. 2012). The fact that
ENKTL is clustered in East Asia and Latin
America suggests that genetic and environmen-
tal factors are important in disease development.
Evidence from genetic studies, including mito-
chondrial DNA and Y chromosome haplotypes

��

Extranodal Marginal Zone Lymphoma of Mucosa-
Associated Lymphoid Tissue, Fig. 1 (continued) exam-
ination revealed thickened gastric folds, and gastric biop-
sies showed dense lymphoid infiltrate composed of
scattered reactive follicles and diffuse intrafollicular
intermediate-size atypical lymphoid cells with monocytoid
features (a and b). The atypical lymphoid cells form
numerous lymphoepithelial lesions (c). The atypical lym-
phoid cells are positive for B-cell marker CD20 (d).

Immunohistochemistry highlights numerous H. pylori
organisms on the mucosal surface (e). The patient was
diagnosed with MALT lymphoma and received antibiotic
therapy to treat H. pylori infection. This therapy was suf-
ficient to control the tumor growth, and an endoscopic
biopsy performed after 6 months showed complete remis-
sion with gastric mucosa showing mild glandular atrophy
and chronic inflammation but no evidence of lymphoma (f)
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indicates the Asian ancestry of the native popu-
lation in Latin America, especially in the coun-
tries located along the west coast. EBV is an
important marker of ENKTL and is found in
virtually all tumor cells. Although the precise
role of EBV in ENKTL has not been well clar-
ified, environmental factors that affect the age of
first EBV infection and genetic factors that con-
trol the immune response to EBV infection
underlie the susceptibility to the development
of ENKTL.

• Age
ENKTL mostly affects adults with a median age
of 44–50 years. Its incidence begins to increase
in the third decade of life and comprises a major
subtype of EBV-positive T/NK lymphoproli-
ferative disease throughout life in Asia. The
disease rarely affects children. In children,
NK/T-cell lymphoma may be associated with
mosquito-bite hypersensitivity or systemic
chronic active EBV infection.

• Sex
ENKTL affects men more frequently than
women, with a male:female ratio as high as
2.3:1.

• Site
Most cases occur in the nasal cavity and upper
aerodigestive tract. In an Asian series, the
tumors were located in the nasal cavity
(51%), the non-nasal upper aerodigestive tract
(23%), including the nasopharynx (6%), oro-
pharynx (6%), oral cavity (10%) and larynx
(1%), skin (13%), colon (7%), and soft tissue
(6%).

• Treatment
ENKTL tumor cells express P-glycoprotein,
which is related to resistance to anthracycline-
containing chemotherapies. Therefore patients
with ENKTL are treated with non-
anthracycline-based chemotherapy. Various
combination chemotherapy regimens were
used, with SMILE (dexamethasone, methotrex-
ate, ifosfamide, L-Asp, and etoposide) as the
most common, followed by gemcitabine-
containing regimens. Autologous stem cell trans-
plantation after SMILE chemotherapy may be
used. Patients with early-stage ENKTL of nasal
cavity typically undergo radiotherapy. ENKTL

tumor cells are mixed with many inflammatory
cells and frequently express PD-L1 and CD30;
therefore, new agents, such as pembrolizumab
(anti-PD-1 antibody), the anti-CD30 antibody
drug conjugate brentuximab vedotin, and
lenalidomide, are applied for relapsed or refrac-
tory disease with promising efficacy. JAK/STAT
signaling pathways are crucial in the
lymphomagenesis of ENKTL, and JAK/STAT
pathway-related genes can be a target in future
therapy.

• Outcome
Overall 5-year survival rates for localized and
advanced ENKTL are 70% and 24%, respec-
tively. Median overall survival and median
progression-free survival after relapse or pro-
gression are 5.5 and 3.1 months, respectively.
The prognostic factor for NK/T-cell lymphoma
includes age (>60 years), stage (III/IV), distant
lymph node involvement, non-nasal presenta-
tion, and detectable EBV DNA in blood.

Macroscopy

In the upper aerodigestive tract, ulcer, hemor-
rhage, and discharge are prominent. Nasal tumors
with extensive necrosis often result in perforation
of the palate. Because of the proximity of the nasal
cavity to the orbit, extensive inflammation associ-
ated with a tumor results in periorbital edema,
proptosis, and diplopia. In the skin, tumors pre-
sent with purpuric skin lesions, ulcer, and necrotic
mass. In the gastrointestinal tract, extensive
necrosis of the tumor leads to bowel perforation.

Microscopy

Most cases of NK/T-cell lymphomas of the upper
aerodigestive tract, of either nasal or extranasal
origin, share similar histologic features, including
polymorphous infiltration of neoplastic cells
mixed with inflammatory infiltrates, necrosis of
tumor tissue, and angioinvasiveness. Although
the cytomorphology of tumor cells varies from
case to case, they are most often composed of
mixtures of small, medium, and large
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lymphocytes with hyperchromatic and irregular
nuclei (Fig. 1). Some cases are composed of
monomorphic small neoplastic cells without sig-
nificant atypia. Such bland cytology can lead to
misdiagnosis as chronic inflammation if EBV in
situ hybridization is not performed. Clear cyto-
plasmic change of varying degrees is one of the
characteristic features of ENKTL. Extensive
necrosis of tumor tissue admixed with
karyorrhectic nuclear debris is found in most
cases of ENKTL, and in other types of EBV-
positive lymphoproliferative disease.
Angiocentric growth of tumor cells with infiltra-
tion of the vascular wall is observed in more than
60% of cases. In the nasal cavity, tumors are often
accompanied by pseudoepitheliomatous prolifer-
ation of overlying squamous mucosa.

Immunophenotype

The typical immunophenotype of ENKTL is
CD2+; cytoplasmic CD3+, CD4�, CD5�,
CD8�, and CD56+; and involves expression of
cytotoxic molecules such as TIA-1, granzyme B,
and perforin (Figs. 2 and 3). While NK-cell
marker CD56 is positive in more than 90% of
cases, CD16 is usually negative. NK cell receptors
such as CD94-NKG2 and KIRs are expressed in
75% and 30% of cases, respectively. CD30 is

expressed in fewer than 50% of ENKTL cases in
a subset of tumor cells. PDL-1 is often expressed
in tumor as well as in background immune cells.

ENKTL, nasal type, is either of NK or T-cell
lineage. ENKTL shows variable degrees of T-cell
receptor expression, ranging from 0% to 27% of
cases. In one study, bF1 was expressed in 6–9%
and TCR-g in 9% of ENKTL cases, and TCR-
negative ENKTL accounted for 82–85% of cases,
which are regarded as NK cell lineage. In conjunc-
tion with T-cell receptor gene rearrangements,
tumors of T-cell origin accounted for 46% of
these ENKTL cases, with half being T-cell receptor
silent.

Molecular Features

Tumor cells express the EBER transcripts of EBV
in all cells (Fig. 4).

T-cell receptor gene rearrangement analyses
have shownwide ranges of T-cell clonality, ranging
from 0% to 38%. Although the molecular profile of
ENKTL differs from that of other PTCLs, a subset
of extranodal lymphomas derived from gd T cells
has a molecular signature that is very similar to that
of ENKTL.

ENKTL shows complex cytogenetic abnormali-
ties. Deletion of chromosome 6q (6q21–6q25) is the
most frequent aberration, and the FOXO3 and
PRDM1 tumor-suppressor genes have been identi-
fied in the 6q21–q25 region. Studies have also

Extranodal NK/T Cell Lymphoma, Nasal Type,
Fig. 1 Tumor consists of mixtures of small, medium,
and large lymphocytes with hyperchromatic and irregular
nuclei

Extranodal NK/T Cell Lymphoma, Nasal Type,
Fig. 2 Tumor cells express cytoplasmic CD3
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demonstrated genetic aberrations related to impor-
tant functions, including apoptosis (FAS), cell cycle
(TP73, CDKN2A, CDKN2B, andCDKN1A), signal-
ing pathways (KIT, CTNNB1, and JAK3), tumor-
suppressor genes (TP53, PRDM1, AIM1, FOXO3,
and HACE1), and oncogenes (RAS/KRAS/HRAS
andMYC).

Next-generation sequencing studies identi-
fied recurrent mutations shared by case with
NK and T-cell origin, including mutations
involving the RNA helicase gene DDX3X,
tumor suppressors (TP53 and MGA), JAK-
STAT-pathway molecules (STAT3 and STAT5B),
and epigenetic modifiers (MLL2, ARID1A,
EP300, and ASXL3). Patients with DDX3X
mutations have a poor prognosis. EBV infection

severely deregulates host microRNA profiles,
and downregulation of miR-146a and miR-15a
promotes cell proliferation and predicts a poor
prognosis. The lymphotoxin alpha gene +252
(A/G) polymorphism is associated with an
increased risk of ENKTL.

Differential Diagnosis

ENKTL is diagnosed based on the infiltration of
EBV-positive cytotoxic NK or T cells in extra-
nodal sites. In this regard, histologic mimickers,
including subcutaneous panniculitis-like T-cell
lymphoma, hepatosplenic T-cell lymphoma,
enteropathy-associated T-cell lymphoma, and
other mature T-cell lymphomas in extranodal
sites, are easily excluded. Disseminated ENKTL
may show clinical, histologic, and
immunophenotypic changes similar to those of
aggressive NK cell leukemia, and distinction
from aggressive NK cell leukemia is arbitrary in
cases with NK cell lineage. The presence of nasal
involvement suggests ENKTL as opposed to
aggressive NK cell leukemia.

EBV-positive T/NK lymphoproliferative dis-
eases of childhood may be included in the differ-
ential diagnoses of ENKTL arising in children.
Chronic active EBV infection is a polyclonal or
oligoclonal T or NK cell lymphoproliferative dis-
ease associated with EBV infection. Generally
ENKTL is a disease of adult while chronic active
EBV infection (CAEBV) occurs in children and
young adult. Clinically, patients with CAEBV
presents with fever of unknown origin often
accompanied by various symptoms such as hepa-
tomegaly, splenomegaly, thrombocytopenia, ane-
mia, and lymphadenopathy while most common
symptoms of ENKTL is nasal obstruction. T or
NK cells infiltrated in CAEBV lack cytologic
atypia and EBV is positive in only a few cells.
EBV-positive systemic T cell lymphoma of child-
hood presents with systemic symptoms such as
acute onset of fever and general malaise sugges-
tive of an acute viral respiratory illness.
Hemophagocytic syndrome with a fulminant clin-
ical course is the characteristic clinical picture of
EBV-positive systemic T cell lymphoma of

Extranodal NK/T Cell Lymphoma, Nasal Type,
Fig. 3 CD56 is positive in all tumor cells

Extranodal NK/T Cell Lymphoma, Nasal Type,
Fig. 4 EBV is detected in the nuclei of almost all of
tumor cells (EBER in situ hybridization)
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childhood. The degree of atypia in the EBV-
positive lymphocytes is variable, and in many
cases the histology looks very bland.
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Synonyms

Florid follicular hyperplasia; Lymphoid nodular
hyperplasia; Reactive follicular hyperplasia

Definition

Follicular hyperplasia is an increase in the number
of secondary follicles (those follicles containing
germinal centers) per unit area/volume of lym-
phoid tissue. The increase in number is often
accompanied by an increase in the size of follicles,
which may also show irregularities in shape. Fol-
licular hyperplasia is one pattern out of multiple
possible patterns of reactive change that can be
seen in activated lymphoid tissues secondary to
causes such as infection or autoimmune disease:
other patterns include paracortical hyperplasia,
granulomatous lymphadenitis, and sinus
histiocytosis. Oftentimes, a specific cause of
immunologic activation will produce a mixture
of multiple patterns. However, certain etiologies

are associated with a predominantly follicular pat-
tern. These include early bacterial infections,
early HIV infection, Castleman disease, syphilis,
rheumatoid arthritis (and other autoimmune dis-
eases), and IgG4-related disease (Weiss and
O’Malley 2013). Most cases of reactive follicular
hyperplasia encountered in biopsied lymph nodes
are idiopathic, with no known inciting etiology.

Clinical Features

• Incidence
Follicular hyperplasia is one of the most com-
mon reactive patterns seen in lymphoid tissues;
the exact incidence is unknown.

• Age
Follicular hyperplasia can occur at any age; the
hyperplasia is often more florid in younger
individuals and less exuberant in elderly
patients.

• Sex
Follicular hyperplasia has no gender
predilection.

• Site
The site of follicular hyperplasia is variable,
depending upon the underlying cause. The
most commonly affected lymph nodes that
are biopsied are in the cervical and axillary
regions. The tonsils and spleen also may
show follicular hyperplasia and this is nearly
a ubiquitous finding in tonsillectomy speci-
mens. It is usually localized, affecting only
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a single lymph node or lymph node region, but
occasionally patients may present with gener-
alized lymphadenopathy.

• Treatment
Treatment of follicular hyperplasia is directed
at the underlying cause, if known.

• Outcome
Follicular hyperplasia is a benign reactive pro-
cess. The outcome is variable, depending upon
the underlying cause of the hyperplasia.

Macroscopy

Lymph nodes involved by follicular hyperplasia are
enlarged with a well-demarcated capsular edge.
Close examination of the cut surface may show
numerous raised nodules, corresponding to hyper-
plastic follicles. Follicular hyperplasia can also
affect the spleen, manifesting as an increase in size
and weight. The splenic cut surface shows increased
prominence of white nodules corresponding to the
hyperplastic white pulp (Fig. 1).

Microscopy

Low-power examination reveals general preser-
vation of the normal tissue architecture and orga-
nization. Numerous follicles are seen, often with
a variety of sizes and shapes that may include

elongated or irregularly shaped and coalescent
germinal centers. In lymph nodes, follicles are
primarily distributed throughout the cortex and
the sinuses are patent. In the spleen, the follicles
are associated with arterioles as part of the peri-
arteriolar lymphoid tissue. In both lymph nodes
and spleen, follicles do not extend beyond the
capsule into the surrounding fibroadipose tissue,
remain geographically separated by interfollicular
T-cell zones without a “back-to-back” appear-
ance, and show preserved mantle zones (Fig. 2).

Closer examination of the hyperplastic follicles
reveals polarized germinal centers with dark and
light zones recognizable in many of the follicles
(depending on the plane of sectioning) (Fig. 3).
Cells within germinal centers are composed of
both centrocytes (small- to medium-sized lym-
phoid cells with cleaved or angulated nuclei) and
centroblasts (large lymphoid cells with round
nuclei, vesicular chromatin, and conspicuous
peripherally placed nucleoli). Frequent scattered
mitoses and tingible body macrophages containing
cellular debris are present within the germinal cen-
ters, the latter producing a “starry sky” appearance
due to their pale appearance against the darker
background lymphocytes. Scattered often binucle-
ated cells with indistinct cytoplasm, round nuclear
contours, pale chromatin, and single small central
nucleoli can be seen, representing follicular den-
dritic cells (Fig. 4). Plasma cells are usually

Follicular Hyperplasia, Fig. 1 Cut surface of spleen
involved by follicular hyperplasia shows numerous small
nodules corresponding to hyperplastic follicles within the
white pulp

Follicular Hyperplasia, Fig. 2 Low-power view of
a nodal follicular hyperplasia shows an increase in the
number of secondary follicles, some of which have irreg-
ular outlines. Follicles are well spaced and have intact
mantle zones
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infrequent within reactive germinal centers but may
be frequent in follicular hyperplasias due to rheu-
matoid arthritis or other autoimmune diseases.

Commonly seen variant morphologies in fol-
licular hyperplasia include follicle lysis, in which
the reactive germinal centers appear broken up by
small lymphocytes and often show associated

hemorrhage, and progressive transformation of
germinal centers (PTGC), where follicles are
expanded (typically at least twice the diameter as
other hyperplastic follicles) and infiltrated by
mantle zone type B cells. Occasional regressively
transformed follicles may be seen in follicular
hyperplasia of any etiology; these are small folli-
cles whose centers are composed mostly of follic-
ular dendritic cells and blood vessels, with
a relative paucity of B cells, often associated
with expanded mantle zones arranged in concen-
tric rings. The presence of frequent regressively
transformed follicles associated with
interfollicular hypervascularity is a hallmark of
hyaline vascular Castleman disease.

Immunophenotype

Follicles are comprised primarily of B cells
expressing pan-B-cell markers, such as CD19,
CD79a, CD20, and PAX5. Germinal centers
contain CD10+ and BCL6+ B cells that lack
BCL2 expression, while the surrounding mantle
zones have the opposite staining pattern (CD10-,
BCL6-, BCL2+) (Figs. 5 and 6). Scattered CD3+
T cells are present, often with a CD4+ and PD1+
T follicular helper phenotype within the germinal
centers. TheKi67 proliferation index is very high in
germinal centers and helpfully highlights normal
polarization, with increased staining in the dark

Follicular Hyperplasia, Fig. 4 Germinal centers contain
numerous mitotic figures and tingible body macrophages
(black arrows). Occasional follicular dendritic cells (white
arrows) with indistinct cytoplasm, bilobed nuclei, delicate
pale chromatin, and centrally located, small nucleoli are
also present

Follicular Hyperplasia, Fig. 5 Normal germinal center
B cells express BCL6, while the surrounding mantle zone
cells are BCL6 negative

Follicular Hyperplasia, Fig. 3 A polarized germinal cen-
ter with dark (black arrow) and light (white arrow) zones
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zones (Fig. 7). CD21 and CD23 show a reticular
staining pattern investing the follicles,
corresponding to the underlying follicular dendritic
cell meshworks (Fig. 8). Primary folliclesmay also
be seen in association with follicular hyperplasia.
The primary follicles are composed of small lym-
phocytes with an immunophenotype of mantle
zone lymphocytes: CD10-, BCL6-, BCL2+, and
IgD+. These follicles should not be confused with
the BCL2+ follicles of follicular lymphomas (see
below), which also co-express CD10 and BCL6,
unlike primary follicles.

Flow cytometry of cases of follicular hyperpla-
sia shows that B cells are polytypic for surface
kappa and lambda light chains. Normal CD10+
germinal center B cells show dimmer light chain
expression than non-germinal center B cells, but
should not be entirely negative for light chain; in
reactive follicular hyperplasia cases that appear to
lack surface light chain, cytoplasmic light chain
staining can usually be demonstrated after
permeabilization. Rare cases of follicular hyper-
plasia may show a monotypic CD10+ B-cell pop-
ulation, but these cases display histologic features
within the spectrum of reactive follicular hyper-
plasia, behave in a benign manner, and are not
considered equivalent to malignancy despite the
presence of a clonal B-cell population (Fig. 9)
(Kussick et al. 2004).

Molecular and Cytogenetic Features

PCR studies for IGH gene rearrangement are
polytypic, while cytogenetic studies are normal
and lack the t(14;18) translocation. Rare cases
may show a clonal IGH rearrangement, especially
if the sample is suboptimal and the number of
B cells is low (Elenitoba-Johnson et al. 2000).
Rarely, clonal chromosomal rearrangements or
deletions may be identified in follicular hyperpla-
sia cases, and these are not considered equivalent
to malignancy (Villa et al. 2014).

Follicular Hyperplasia, Fig. 6 Germinal center B cells
are BCL2 negative, in contrast to the surrounding mantle
zone B cells and interfollicular T cells, which are BCL2
positive. Note rare scattered BCL2-positive small cells in
the germinal center, which are T cells

Follicular Hyperplasia, Fig. 7 Ki67 highlights polariza-
tion within germinal centers, with higher proliferation in
the dark zones. Germinal centers exhibit the highest Ki67
staining among the various lymph node compartments

Follicular Hyperplasia, Fig. 8 CD21 stains well-defined
follicular dendritic cell meshworks within reactive follicles
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Differential Diagnosis

The main entity in the differential diagnosis is
usually follicular lymphoma. Follicular lym-
phoma, unlike follicular hyperplasia, shows archi-
tectural effacement at low power with a lack of
patent sinuses and, oftentimes, extension of neo-
plastic follicles into surrounding perinodal adi-
pose tissue. Follicles are closely spaced and
usually lack well-defined mantle zones. Polariza-
tion and tingible body macrophages are absent.
The cells within follicles do not show the normal
polymorphous spectrum but are rather composed
of a monotonous population of centrocytes with
varying numbers of centroblasts, depending upon
the grade of the follicular lymphoma. Immunohis-
tochemically, follicular lymphomas usually show
abnormal co-expression of BCL6 and BCL2,
which is not found in any B cells associated with
benign, reactive follicles. The Ki67 proliferation
index is usually abnormally low in the neoplastic
follicles, in contrast to the high proliferation index
and polarized Ki67 staining pattern in follicular
hyperplasia. In addition, the presence of signifi-
cant numbers of CD10+ or BCL6+ B cells outside
of follicles is abnormal and can be a helpful

diagnostic feature of follicular lymphoma, but is
not seen in all cases. Cytogenetics (if performed)
and FISH studies show the classic t(14;18) trans-
location in the vast majority of cases of follicular
lymphoma, although occasional cases are nega-
tive, especially grade 3 follicular lymphomas.
PCR studies are usually clonal, but may be falsely
negative due to the high prevalence of somatic
hypermutation in follicular lymphoma that
impairs binding of PCR primers. In one study,
the use of multiple primer sets directed against
both immunoglobulin heavy and light chains
improves sensitivity to approximately 95%
(Berget et al. 2011).

Pediatric-type follicular lymphoma is
a variant of localized follicular lymphoma with
indolent behavior that usually presents in chil-
dren but also rarely in adults (Louissaint et al.
2012; Liu et al. 2013). Distinguishing pediatric-
type follicular lymphoma from follicular hyper-
plasia can be difficult, as the neoplastic follicles
often show a deceptively normal “starry sky
pattern” mimicking hyperplastic follicles. In
addition, pediatric-type follicular lymphoma
cases lack the t(14;18) translocation and do not
express BCL2 by immunohistochemistry.
Unlike follicular hyperplasia, the follicles con-
tain monotonous, often blastoid-appearing cells
and exhibit architectural effacement of the nodal
architecture (Fig. 10). Because of this, an exci-
sion rather than needle core biopsy is often
required to distinguish pediatric-type follicular
lymphoma from reactive follicular hyperplasia.
PCR studies often show clonal immunoglobulin
gene rearrangements.

Occasionally, fine needle aspiration or small
core biopsy samples of a large, reactive follicle
may mimic a high-grade B-cell lymphoma, such
as diffuse large B-cell lymphoma or even Burkitt
lymphoma (which shares a CD10+, BCL6+,
BCL2-, and Ki67 high phenotype with reactive
germinal center cells). Flow cytometry may dis-
play a skewed light chain population mimicking
a clonal proliferation. Caution is advised when
diagnosing high-grade lymphomas with
a germinal center phenotype based on small tis-
sue samples; the pathologist should always con-
sider the possibility of a florid follicular

Follicular Hyperplasia, Fig. 9 Tonsil excision from a
4-year-old girl in which flow cytometry showed a clonal
lambda-positive CD10-positive B-cell population. The his-
tology is that of follicular hyperplasia, with well-polarized
follicles and preserved tonsillar architecture. Rare cases of
otherwise typical follicular hyperplasia may have clonal
B-cell populations detected by flow cytometry or
immunostaining, and these are not considered equivalent
to lymphoma
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hyperplasia. In ambiguous cases, a larger biopsy
or excision may be indicated to confirm the
diagnosis.
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Definition

Follicular lymphoma (FL), in its usual form
(UFL), is a malignant neoplasm composed of
germinal center (GC) B cells, namely, centroblasts
and centrocytes, which are presumed to originate
from the GC light zone and usually display an at
least partially follicular growth pattern (Swerdlow
et al. 2016a). Particular FL variants include the
pediatric-type FL, occurring mainly in children
but also rarely in young adults, the duodenal–type
FL, and a particular condition named in situ fol-
licular neoplasia, which is considered as a precur-
sor lesion with low rate of progression.

The definition of FL requires the lack of dif-
fuse areas composed of large blastic cells, which
should lead to the diagnosis of diffuse large cell
lymphoma (DLCL), the most common type of
FL transformation. Primary cutaneous lympho-
mas of follicular origin are not considered as
bona fide FL variants and deserve a separate
classification.

Clinical Features

Incidence, Age, and Sex
FL has its highest incidence in North America and
Western Europe, where it represents the most
common indolent lymphoma and second most
common mature lymphoma, accounting for
about 15% of all lymphomas and about 19% of

Follicular Hyperplasia, Fig. 10 Pediatric-type follicular
lymphoma involving an inguinal lymph node in a 14-year-
old boy. Flow cytometry and gene rearrangement studies
confirmed the presence of a clonal B-cell population that
lacked a BCL2 rearrangement. In contrast to follicular
hyperplasia (see Figs. 2 and 9), the follicles are crowded,
lack normal mantle zones, and disrupt the normal lymph
node architecture
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B-cell lymphomas (Laurent et al. 2017). FL inci-
dence appears somewhat lower in Asia and
Africa, with about 11% of nodal lymphomas. FL
affects predominantly adults in sixth decade with
a grossly balanced male/female distribution,
except in Asia where a male predominance is
reported. FL rarely occurs in pediatic and young
adult patients with a strong male predominance in
this setting (Quintanilla-Martinez et al. 2016).

Site
At presentation, UFL usually involves multiple
lymph nodes and more rarely spleen and
waldeyer ring. The majority of patients are diag-
nosed at stage 3–4 with about 50% of bone
marrow involvement and frequent lymphocytosis.
UFL may exceptionally invade nonhematopoietic
extra-nodal sites in case of wide-spread disease
(Swerdlow et al. 2016a). FL with localized extra-
nodal presentation occurs mainly in the gastro-
intestinal (GI) tract, especially the duodenum. In
the female genital track, FL is the second most
common lymphoma. FL involving the ovaries can
be separated in two main categories: a low-grade/
high-stage/BCL2-positive group and a high-
grade/low-stage/BCL2-negative group with a bet-
ter outcome. The same tendency is observed for
FL cases presenting in other extranodal sites, such
as the ocular adnexa, breast, thyroid, and testis.

Treatment
Immunochemotherapy regimens containing a com-
bination of rituximab and adriamycin
have dramatically improved the outcome of
FL patients, especially the use of rituximab
in both front-line and maintenance therapy.
Bendamustine combined with rituximab is becom-
ing a standard frontline strategy in North America
and parts of Europe (Kahl and Yang 2016).

Intensive salvage therapy using autologous
stem cell transplantation is used for refractory
patients (Sarkozy et al. 2016). New treat-
ments with promising preliminary data include
PI3K delta inhibitors, immuno-modulators of the
lenalidomide family, EZH2 inhibitors, and BCL2
inhibitors (Kahl and Yang 2016). Targeting of
the ICOS/ICOSL pathway might be an option in
the future (Le et al. 2016).

Prognosis and Outcome
FL globally has an indolent natural history char-
acterized by slow progression, despite frequent
widespread disease at diagnosis. However, FL is
a heterogeneous disease, with significant varia-
tions in its clinical course. There is a tendency
for FL to transform into aggressive lymphoma,
especially DLCL. The reported frequency of FL
transforming into a more aggressive lymphoma
varies significantly in the literature with an aver-
age rate of approximately 30%, and a cumulative
risk of about 3% per year (Sarkozy et al. 2016).
Transformation is associated with a poor out-
come, even in FL patients who previously
responded to immunochemotherapy (Sarkozy
et al. 2016), and its prediction remains a challeng-
ing issue (Kridel et al. 2016).

The prognosis of FL is related to clinical
and biological parameters classically summarized
in the International prognostic index for FL (FLIPI),
and more recently in the m7-FLIPI, which
integrates the mutational status of 7 genes in risk
prognostication. Patients with high risk m7-FLIPI
have a 5-year failure-free survival of less than 40%,
whereas it is more than 60% in the low risk group.
Reassessment of the patient status at 24 months
from diagnosis is also a strong predictor of subse-
quent poor overall survival in case of progression of
disease (POD24). Nonetheless, the m7-FLIPI pro-
spectively identifies the smallest subgroup of
patients at highest risk of early failure of first-line
immunochemotherapy and death, including patients
not fulfilling the POD24 criteria (Jurinovic et al.
2016). Although not fully validated, serum vitamin
D might be the first potentially modifiable factor to
be associated with FL survival.

Among histopathological parameters, histolog-
ical grade 3 was shown to be associated with
transformation (Sarkozy et al. 2016), whereas the
subgroup of grade 3A FL with an additional FL
grade 1/2 component or a translocation t(14;18)
showed a poorer outcome (Koch et al. 2016).
A high level of MUM1 expression was shown to
predict poor outcome, whereas the value of Ki67 is
still debated. In the era of immunochemotherapy,
the prognostic value of the tumor microenviron-
ment remains controversial. In fact, the influence
of macrophages and T-cell subsets may be
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circumvented by the currently widespread use of
rituximab and adriamycin-containing regimens
(Xerri et al. 2017). The use of different therapy
regimens might explain the previously reported
favorable influence of follicular-helper and regula-
tory T-cell subsets and the defavorable impact of
macrophages. Nonetheless, in an end-of-spectrum
study designed to maximize sensitivity, low
amounts of CD8+ cells and high contents of
CD163+ cells were associated with early failure.
Long-term follow-up suggests that FL patients
have increased risk of both hematologic and solid
second malignancies.

Microscopy

Architecture
In UFL, the normal nodal architecture is effaced by
closely packed follicles with attenuated mantle
zones that contain large centroblastic and small
centrocytic cells in variable proportions (Fig. 1).
There is loss of physiological polarization and

variable disappearance of tingible body macro-
phages. Interfollicular infiltration and capsule
involvement are common. According to the
World Health Organization, the growth pattern
can be classified as predominantly follicular
(>75% follicular), follicular and diffuse (25–75%
follicular), or predominantly diffuse (<25% follic-
ular). FL with a predominantly or entirely diffuse
growth pattern should be considered as FL if com-
posed of a majority of centrocytes, but any grade
3 case with diffuse areas requires to be classified as
DLCL (Swerdlow et al. 2016a).

The morphology of FL nodules varies in distri-
bution, shape, and size. Neoplastic follicles may be
either crowded/coalesced or spaced-apart, whereas
their borders may be irregular, serpiginous, or ser-
rated. Themantle zone may look preserved or thick-
ened, and mantle zone lymphocytes sometimes
invaginate into neoplastic follicles resulting in a
particular architecture called “floral” FL variant
(Fig. 2). Some unusual patterns may represent diag-
nostic pitfalls, such as massive necrosis, which
seems to be more frequent in FL than in other

Follicular Lymphoma, Fig. 1 Histologic and phenotypic
features of low-grade FL. On H&E staining (a), the normal
lymph node architecture is replaced by numerous and
closely packed lymphoid follicles lacking mantle zone and
macrophages and exhibiting a slight marginal zone differen-
tiation. High power view (b) shows a typical pattern of a
low-grade FL with predominance of small centrocytes,

suggesting grade 1/2. Neoplastic follicles are positive for
CD20 (c) and negative for CD5 (d). FL cells are also
positive for BCL2 (e), CD10 (f) and BCL6 (g). Despite the
low grade, Ki-67 immunostaining (h) shows a rather high
proliferative index, which is an unusual, but not exceptional
feature in this setting
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Follicular Lymphoma, Fig. 2 (continued)
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B-cell lymphomas. Extensive fibrosis, which may
be related to a dysregulated TH2 reaction, is com-
mon in retroperitoneal localizations and may also
hamper the diagnosis.

Cytology and Grading
FL grading is based on the relative content of
centroblasts, which has led to the subdivision
into three traditional grades (grade 1: 0–5
centroblasts/high power field (hpf); grade 2:
6–15 centroblasts/hpf; and grade 3: >15
centroblasts/hpf). Due to a lack of clinical rele-
vance and poor reproducibility, it is now admit-
ted that cases classified as either grade 1 or
2 should deserve the appellation of FL grade
1/2 (low-grade) and do not require further preci-
sion. FL grade 3 is divided into grades FL3A,
still containing centrocytes, and FL3B being
composed entirely of centroblasts (Fig. 2).
FL1/2 and FL3A are supposed to be closely
related diseases due their frequent co-existence
in the same tumor. In contrast, FL3B rarely coex-
ists with other grades and is commonly consid-
ered as a distinct entity showing a closer
relationship with DLCL than with FL of other
grades (Koch et al. 2016).

Significant variations in cytological composi-
tion have been described, such as follicles harbor-
ing numerous tingible body macrophages, or
more rarely signet-ring cells, Hodgkin/Reed-
Sternberg-like cells (Fig. 2), or rosette formation.

A particular cytological feature is called
“blastoid,” a descriptive term referring to a resem-
blance with precursor cells, namely, medium-
sized tumor cells with finely distributed chromatin
and occasional small nucleoli. This term was

initially used for aggressive or transformed FL,
but it is now admitted that it can be used in some
clinically indolent FL cases. In fact, “blastoid”
features cannot be considered a reliable sign of
clinical aggressiveness due to the lack of clinical
follow-up of large cohorts. Another confusing
issue about “blastoid” features is their lack of
reproducible definition, which currently encom-
pass small to medium cell sizes, and a variable
degree of chromatin immaturity.

Monocytoid differentiation is a cytological
feature often related to marginal zone differentia-
tion (MZD). This phenomenon is a memory cell-
like maturation of FL cells, resulting in the occur-
rence of sheets of monocytoid cells with clear and
relatively abundant cytoplasm outside or around
FL follicles. Plasmacytoid differentiation may be
also detected (Swerdlow et al. 2016b).

Immunophenotype

The classical immunophenotypical profile of UFL
cells (Fig.1) comprises sIg+, CD20+, CD79a+,
CD10+, Bcl-6+, Bcl-2+, CD23+/�, CD5�,
CD43�, CD21+/�, Cyclin D1�, IRF4/MUM1
+/�, and Ki67 low (Swerdlow et al. 2016a). How-
ever, numerous exceptions can be observed, espe-
cially CD10 and/or BCL6 negativity occurring
either in the lymph node component or in bone
marrow infiltrates. Although most GC markers
may be downregulated in bone marrow FL infil-
trates, recently developed GC markers like
GCET1, HGAL/GCET2, and LIM-only transcrip-
tion factor 2 (LMO2) can be useful for detecting
FL in extranodal sites, especially cases that lack

��

Follicular Lymphoma, Fig. 2 Unusual histologic and
phenotypic features of FL. Low power view of FL grade
3B (a) shows particularly large and coalescent follicles.
The high power view (b) shows that the cell population is
composed of centroblasts. CD10 positivity (c) is not
always present in this setting. Panel (d) shows a case of
floral FL variant, which is characterized by ill-defined
follicles due to the penetration of mantle cells (e), which
is further evidenced by CD10 immunostaining (f). BCL2
immunostaing (g) may be difficult to interpret due to the
weak staining of FL cells when compared to the strong
positivity of mantle cells. Panel (h) shows a case with

hyalinization of follicles. Panels (i) shows a low grade FL
with a relatively preserved architecture due to wide sinuses
and large interfollicular areas, but the follicles look neo-
plastic due to their monomorphic cell population (j). Panel
(k) shows a FL 3A case with diffuse-looking architecture,
although CD21 immunostaining reveals a nodular network
of follicular dendritic cells (l). There is a high number of
centroblasts (m) and a low expression of CD10 (n) and
BCL6 (o). CD30 immunostaining shows a
significant amount of intrafollicular-positive cells (p) of
medium to large size (q) with occasional Reed-Sterberg-
looking cells (r)
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CD10. However, GCET1, LMO2, and HGAL
stainings have to be interpreted with caution,
since other types of B-cell lymphomas can exhibit
weak to moderate staining for these markers, com-
pared with the strong staining in FL. Less fre-
quently used GC markers include Stathmin
(STMN1) and Lectin-Like Transcript 1 (LLT1)
which are not strictly GC- or FL- specific.

Among BCL2 immunonegative FL cases,
approximately half of the cases may be called
BCL2 “pseudonegative,” if lymphoma cells are
negative with the clone-100 antibody, but are pos-
itive with other anti-BCL2 antibodies like E17 or
SP66. This profile is related to a conformational
change in the BCL2 protein, due to mutations in
the nucleotides encoding the epitope recognized
by the clone-100 antibody. The other half of
BCL2 immunonegative cases are negative for all
antibodies and have an intact BCL2 gene locus
with a wild-type BCL2 sequence.

Unusual phenotypes in FL may create diag-
nostic pitfalls, like the presence of CD30+ cells,
that can be numerous and/or mimic Hodgkin/
Reed-Sternberg cells. Positivity for EBV is
reported in rare FL cases, sometimes with
CD30 expression (Mackrides et al. 2017). In
low-grade FL, CD5 expression can be occasion-
ally detected by flow cytometry, whereas low
to moderate IRF4/MUM1 expression may
be found. A high proliferative index as
demonstrated by Ki67 immunostaining is a
well-known feature of grade 3 FL, especially
grade 3B. The prognostic significance of high
PI in grade 1/2 FL, however, remains
controversial.

Molecular Features

The prototypic t(14;18)(q32;q21)IGH/BCL2
chromosome translocation, the hallmark genetic
event in FL pathogenesis, is present in about
85–90% of grade 1/2 FL and detectable by
FISH. The frequency of BCL2 chromosomal
translocation in grade 3 FL is lower. Conversely,
3q27 abnormalities and/or BCL6 rearrangement
are globally detected in 5–15% of FL cases, but
more frequently in grade 3 cases. Concomitant

BCL2 and BCL6 rearrangements can be detected
in about 10% of grade 1/2 FL. A BCL2
translocation-negative profile is found in
10–15% of grade 1/2 FL cases, which present
frequently with lower stage and have about
the same survival rates as FL cases with t
(14;18) (Leich et al. 2016). These cases are
characterized by frequent lack of CD10 expres-
sion, common expression of CD23, and higher
proliferation rate.

Various chromosomal aberrations can be
found in FL cases of whatever grade, such as
nonrandom losses of 1p36 and 6q and gains of
chromosome 7, 18 (mainly in the 18q21/
MALT1/BCL2 region), X, and 6p. Trisomy
12 is also a common abnormality in FL.

FL cases with MZD may show cytogenetic
abnormalities usually associated with marginal
zone lymphomas, particularly +3 or +3q. Rare
low grade FL cases carry the t(8;14) translocation,
with or without BCL2 rearrangements (Fig. 3),
and the prognostic significance of this “double-
hit” profile remains unclear due to the lack of large
series (Miao et al. 2016).

In UFL, the most frequent gene mutations
are found in epigenetic-modifying genes, such as
recurrent mutations in MLL2/KMT2D, CREBBP,
EP300, EZH2, and ARID1A. Within the 1p36
region, which is frequently targeted by heterozy-
gous deletion and copy-neutral loss of heterozygos-
ity, the TNFRSF14 gene is also recurrently
mutated. Some mutations have a favorable impact
on outcome, like those targeting EZH2 and
ARID1A, whereas others are associated with poor
prognosis like EP300 and FOXO1mutations (Huet
et al. 2017b). The prognostic value of BCL2 muta-
tions which are found in roughly half of UFL cases
remains debated (Huet et al. 2017a). During the
transformation process, the number of gene muta-
tions increases and more specifically involves
MYC, CDKN2A/B, and p53 (Kridel et al. 2016).

FL Variants

In Situ Follicular Neoplasia
The term in situ follicular neoplasia (ISFN) has
been adopted in the 2016 revision of the WHO
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classification and should be used instead of the
former appellation of in situ follicular lymphoma.
Lymph nodes with ISFN exhibit architectural
preservation with one or more GCs containing
variably prominent populations of CD10+,
BCL2+ B-cells that are monoclonal and have the
BCL2/IGH/t(14;18) translocation. Strong BCL2
immunoreactivity is a hallmark feature of neo-
plastic cells and should be more intense than in
mantle cells and reactive T-cells. There is no
infiltration outside the involved GCs, which
have an intact mantle zone and are not increased
in size or number. However they may lack polar-
ization due to predominance of centrocytes and
exhibit decreased Ki-67 reactivity when com-
pared to uninvolved reactive GCs. The main
differential diagnosis of ISFN is early/partial
involvement by follicular lymphoma (PFL). In
most cases, PFL corresponds to an early stage
(stage I or II) of FL evolution, but similar fea-
tures can also be seen in disseminated cases with
early involvement of a given lymph node. PFL
follicles are larger than those in ISFN and clus-
ter together, resulting in partially effaced lymph

node architecture. They display altered mantle
zones and exhibit variable intensity of BCL2
staining within the GCs, whereas CD10+/
BCL2+ cells may be observed outside PFL
follicles.

The diagnosis of ISFN is usually made as a
fortuitous discovery in 2–3% of LN or other lym-
phoid organs like the spleen resected for various
reasons. Only a minority (6%) of ISFN patients
eventually progress to overt FL, at least within the
limited follow-up times (median 26–41 months)
in published studies. ISFN is not necessarily com-
mitted to malignant transformation, albeit ISFN
cells represent putative precursors in follicular
lymphomagenesis. In fact, ISFN cells look differ-
ent from circulating t(14;18)+ FL-like B-cells that
may be detected in the peripheral blood of healthy
individuals, which only exceptionally carry addi-
tional genomic alterations. In contrast, ISFN
cells display increased genomic instability as
evidenced by acquired mutations in several
genes such as EZH2, CREBBP, and TNFSFR14,
although they have fewer genetic abnormalities
than PFL and UFL.

Follicular Lymphoma, Fig. 3 Histologic and pheno-
typic features of FL with BCL2 and MYC rearrangements.
This exceptional case showed a vaguely nodular architec-
ture (a) which was confirmed by CD21 immunostaining

(d). Lymphoma cells had a blastoid appearance (b) and
were BCL2 positive (c), with a high proliferative index (e),
and strong MYC expression (f)
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The diagnosis of ISFN requires careful staging
procedures since it can be associated with con-
comitant overt lymphomas or nonlymphoid
malignancies in a different site. Rare cases show
simultaneous occurrence of UFL and ISFN origi-
nating from the same clone in the same lymph
node, but it is unclear at the moment if all FL cases
are preceded by ISFN.

Predominantly Diffuse FL with 1p36 Deletion
In small biopsies, an otherwise typical FL may
lack a clearly follicular growth pattern due to
limited diagnostic material. In such circumstance,
a diagnosis of FL has to be supported by immu-
noreactivity with GC markers and/or presence of
the t(14;18) translocation. Disregarding technical
issues, it is admitted that there is a definite group
of predominantly diffuse low-grade FL of mainly
inguinal localization with frequent 1p36 deletion
and usually lacking the t(14;18). This variant is
mostly grade 1/2, with ill-defined residual GCs,
expression of at least one GC marker, common
CD10 loss, co-expression of CD23, and frequent
STAT6 mutations (Siddiqi et al. 2016). Clinical
stage is usually low, and large localized inguinal
tumors are characteristic. It should be noted, how-
ever, that 1p36 deletion is not specific for this
variant, since it is also the second most frequent
chromosomal alteration in t(14;18) positive UFL.

Gastro-Intestinal Track FL
The most common site among this group is the
small intestine, including cases with single-site
and multisegment involvement, followed by gas-
tric and colorectal localizations. Duodenal-type
FL is a primary duodenal FL recognized as a
variant in the 2016 WHO classification, since
it has specific features and appears to be
associated with an excellent outcome, even in
cases managed by a watch-and-wait attitude
(Swerdlow et al. 2016a). This variant is character-
ized by features overlapping between UFL,
ISFN, and marginal zone lymphoma. It
presents as a localized lymphoid infiltrate with
crowded CD10+, BCL2+ centrocyte-rich follicles
harboring BCL2 rearrangements, frequent IgA
expression, and extra-follicular involvement
including extension into the villi. Similar to PFL,

primary duodenal FL contains a low number of
genetic alterations. Nodal extension is exceptional
and spontaneous regression may occur. Small
intestinal FL cases have better outcomes com-
pared to cases involving the stomach, colon and
rectum.

Pediatric-Type FL
Pediatric-type FL (PTFL) has specific features
and is thus recognized as a definite entity in
the 2016 WHO classification. Unlike
UFL, PTFL mostly presents as an isolated
lymph node tumor in the head and neck
region. PTFL has an excellent prognosis, with
nearly 100% 5-year survival (Quintanilla-
Martinez et al. 2016).

Microscopically, PTFL displays an entirely
follicular growth pattern composed of large
serpiginous follicles with a frequent “starry
sky” appearance due to scattered tingible-body
macrophages. Most intrafollicular cells are
medium to large blastoid cells, cytologically
mimicking a high grade lesion. Classic
centroblasts and centrocytes are usually rare.
The mantle zones are thin and attenuated but
highlighted with IgD immunostaining. A “node
within a node” pattern may be seen due to a
peripheral rim of unaffected nodal tissue
(Louissaint et al. 2016).

Neoplastic PTFL cells express GC markers
like CD10, BCL6, HGAL, and LMO2. BCL2 is
typically negative or only weakly/focally posi-
tive. The Ki-67 staining shows a high prolifera-
tive index that may reach 95%, with a lack
of polarization. MUM1/IRF4 is expressed in
up to 20% of cases. A follicular dendritic
cell meshwork is usually detected by CD21
and CD23 immunostaining, although it may
be absent. Follicular helper T cells detected
by PD-1 positivity may show an abnormal
peripheral distribution (Quintanilla-Martinez
et al. 2016).

B-cell monoclonality is detected in 100% of
cases. Translocations/amplifications of BCL2,
BCL6, MYC, and IRF4 are absent, whereas up
to 50% of cases show recurrent loss of heterozy-
gosity of 1p36. Most cases have a low the muta-
tional burden. TNFRSF14 and MAP2K1 somatic
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mutations are the most frequent genetic alterations
and occur independently in about half of PTFL
cases. Other mutations may be found in a limited
panel of genes including IRF8. IRF8 and
TNFRSF14 mutations are not PTFL specific
since they can be also found in UFL cases
(Schmidt et al. 2017).

Differential Diagnosis

FL cases with unusual immune or architectural
patterns may show resemblance with other small
B-cell lymphomas. FL cases with MZD can
mimic nodular-growing marginal zone lympho-
mas that colonize the GCs. The rarity of residual
CD10-positive follicle center cells favors the
diagnosis of marginal zone lymphoma, but the
distinction with FL cases lacking CD10 is chal-
lenging, especially if a diffuse component is pre-
sent. Conversely, CD10 expression does not rule
out a marginal zone lymphoma, which may be
rarely CD10 positive. A floral pattern in FL can
mislead to the diagnosis of benign progressive
transformation of germinal centers. Similarly, FL
cases (either grade 3 FL or PTFL) with numerous
tingible body macrophages and BCL2 negativity
may raise the false hypothesis of reactive follicu-
lar hyperplasia. Of note, flow cytometry in the
latter condition may show a clonal CD10+ popu-
lation, although it is in itself by nomeans evidence
of malignancy. The lack of polarized pattern
within follicles, as evidenced by morphology
and by Ki-67 and PD1 immunostainings, argues
against a reactive lesion. The presence of CD30+
Hodgkin/Reed-Sternberg-like cells in FL may
mislead to the diagnosis of classical Hodgkin
lymphoma, but CD15 is usually negative in FL.

The differential diagnosis arising from a follic-
ular B-cell proliferation in children and young
adults currently integrates large B-cell lymphoma
with IRF4 rearrangement, a provisional entity in
the 2016 WHO Classification. This new entity
has, like PTFL, a predilection for the head and
neck/Waldeyer ring region and low clinical stage
at presentation. Its growth pattern may be purely
follicular, diffuse, or mixed, with a proliferation
of centroblasts or medium-sized blastoid cells

similar to that of PTFL (Quintanilla-Martinez
et al. 2016).

Transformed FL (tFL) should be considered in
the differential diagnosis since it can present
simultaneously as a minor component of an oth-
erwise predominant UFL tumor. The current
criteria for tFL include a diffuse growth pattern
with a proliferation of medium-sized to large cells
that form cohesive sheets and a high proliferation
index. By definition, a clonal relationship between
the original FL and the subsequent or simulta-
neous tFL should be demonstrable, although not
routinely done. tFL is most often classified as
DLCL or high grade B-cell lymphoma according
to the 2016 update of the WHO classification
(Swerdlow et al. 2016a). These tumors commonly
show dual translocations of both BCL2 and MYC
genes. Of note, the double-hit profile is not high
grade-specific since rare cases of grade 1/2 FL
were shown to exhibit a similar cytogenetic
profile.

More rarely FL may transform into Hodgkin
lymphoma, plasmablastic lymphoma, histiocytic
sarcoma, or precursor B-cell lymphoblastic
leukemia/lymphoma (Xerri et al. 2016).
Lymphoblastic-type transformation of FL needs
to be differentiated from FLwith blastoid features,
the latter having typical phenotypic and cytoge-
netic features of FL and no TdT expression. Pro-
gression from grade 1/2 FL to grade 3A FL is a
common event, which is not considered as trans-
formation. Similarly, transition from a follicular to
a more diffuse proliferation composed of predom-
inantly small centrocytes represents a form of
progression, but not transformation.
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Synonyms

Sarcoidosis; Tuberculous lymphadenitis

Definition

Granulomatous lymphadenitis refers to a host of

pathogenically distinct disorders with the com-

mon histomorphologic appearance of a lymph

node containing cohesive histiocytic aggregates

composed of epithelioid macrophages. The

diversity of causes of this process necessitates

maintaining a broad differential diagnosis when

granulomas are found in a lymph node. Occasion-

ally, distinction between possible underlying

causes can be made on H&E-stained sections

based on the character of the granulomas (such

as the presence or absence of associated necrosis

and the composition of associated inflammatory

cells) and the appearance of the surrounding

lymph node. Special stains for organisms such

as a Ziehl-Neelsen stain for acid-fast bacteria

(AFB) and a silver or PAS stain for fungi are

usually needed to exclude infectious entities.

Correlation with clinical and laboratory findings

is often necessary. In many cases, when no

definitive etiology can be proven, the morpho-

logic designation of “granulomatous lymphade-

nitis” with a list of differential diagnoses must

suffice.

Granuloma formation occurs either through

nonspecific activation of macrophages by foreign

bodies or through activation of a Th1-dominated

immune response. Immune-mediated granuloma

formation results from macrophage ingestion of

a foreign antigen followed by activation of Th1

cells. Subsequent Th1-mediated cytokines

include IL-2, which further activates T cells,

and TNFa and IFNg, which promote macrophage

recruitment and activation. The result is the

formation of a granuloma with a compact

central core of epithelioid histiocytes admixed

with CD4+ T cells, a process that effectively

contains but does not destroy the ingested

antigen.

The differential diagnosis of granulomatous

lymphadenitis is broad but can be split morpho-

logically between those cases with necrotizing

and those with non-necrotizing granulomas

(Table 1). The most common specific causes of

granulomatous lymphadenitis encountered in

day-to-day practice include sarcoidosis,

a sarcoid-like reaction occurring in the setting

of another inflammatory or neoplastic process,

and mycobacterial or fungal lymphadenitis; this

chapter will focus on these entities and their

differential diagnoses.
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Sarcoidosis is the archetypal form of

non-necrotizing lymphadenitis. It is a systemic

granulomatous disease of unknown etiology

that results in the accumulation of non-necrotizing

granulomas, most commonly in the lung and hilar

lymph nodes. Extrapulmonary disease is fairly

common and often involves peripheral lymph

nodes. The antigenic stimulus that results in gran-

uloma formation in sarcoidosis remains unknown.

In contrast, lymphadenitis with necrotizing granu-

lomas is most often (but not always) due to an

infectious etiology. Morphologically, necrotizing

granulomas can be split into those with suppura-

tive inflammation (e.g., neutrophilic aggregates)

and those without (Table 1). Mycobacterium
tuberculosis lymphadenitis is the archetypal form

of necrotizing granulomatous lymphadenitis.

Overlap exists between granulomatous

lymphadenitis entities with and without necrosis

as well as those with and without suppurative

inflammation. A number of entities (see Table 1)

characterized by relatively dyscohesive aggregates

of histiocytes but lacking well-formed granulomas

should also be considered in the differential diag-

nosis of classic granulomatous lymphadenitis.

Sarcoidosis and Non-necrotizing
Granulomatous Lymphadenitis

Clinical Features

• Incidence

The incidence of sarcoidosis varies by geo-

graphic region and ethnicity, with the lowest

rates in parts of Asia and highest in Northern

Europe. Within the United States, the annual

incidence is highest in African-Americans (35

cases per 100,000 persons) and relatively lower

in Caucasians (10 cases in 100,000 persons).

Lung involvement occurs in 90–95% of cases.

Radiologically detectable bilateral hilar lymph-

adenopathy is present in the majority of cases

and constitutes a key diagnostic criterion of

sarcoidosis (Baughman et al. 2001). Involve-

ment of extrathoracic lymph nodes is seen in

10–20% of patients and is more common in

younger patients and in African-Americans

(Baughman et al. 2001).

• Age

The peak incidence of sarcoidosis is in

the third through fifth decades. The average

age at presentation is slightly higher in

women than men and in Caucasians

than African-Americans (Baughman et al.

2001).

• Sex

Sarcoidosis is more prevalent in women, who

make up approximately 65% of cases across

racial and ethnic groups.

• Site

Hilar and/or mediastinal lymphadenopathy is

present in the vast majority of cases.

Granulomatous Lymphadenitis, Table 1 Granuloma-

tous lymphadenitis

Non-necrotizing granulomas

Sarcoidosis lymphadenitis

Sarcoid-like lymphadenitis

Malignancy: lymphoma, carcinoma

Inflammatory/immune related

Infectious

Chemical/drug related

Foreign body granulomatous reaction

Silicone, prosthetic debris, talc inhalation, necrosis,

others

Berylliosis

Necrotizing granulomas

Typically non-suppurative

Mycobacterial lymphadenitis (tuberculosis, leprosy,

atypical mycobacteria)

Fungal lymphadenitis

Syphilis

Brucellosis

Typically suppurative

Tularemia lymphadenitis

Cat-scratch disease

Yersinia lymphadenitis

Lymphogranuloma venereum

Poorly formed granulomas/histiocytic aggregates

Toxoplasma lymphadenitis

Kikuchi lymphadenitis

Rosai-Dorfman disease

Langerhans cell histiocytosis

Lupus lymphadenitis

Storage disorders

Whipple disease

Leishmania
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Involvement of other organs including the

spleen, liver, eyes, and skin occurs in some

cases. Extrathoracic lymphadenopathy is seen

in 20–30% of patients and most commonly

involves cervical and supraclavicular lymph

nodes and less frequently axillary and other

nodal sites.

• Treatment

Systemic corticosteroids are the standard treat-

ment for patients with severe pulmonary sar-

coidosis. Other immunomodulatory drugs such

as methotrexate and TNF-a antagonists are

generally second-line therapies reserved for

corticosteroid-refractory or chronic disease.

• Outcome

Approximately one half of cases resolve spon-

taneously within two to five years from initial

diagnosis. Progression most often takes the

form of increasing pulmonary fibrosis and

ensuing complications. Risk for progression

has been correlated with the radiologic stage

at diagnosis, which is based on the extent of

involvement of hilar/mediastinal lymph nodes

and pulmonary parenchyma. There is no

known histologic feature associated with

outcome in sarcoidosis.

Macroscopy

Lymph nodes involved by sarcoidosis are firm

with white-yellow nodularity focally or diffusely

replacing the lymph node.

Microscopy

Sarcoidosis is classically characterized by well-

formed, non-necrotizing granulomas scattered

haphazardly throughout the lymph node. Lymph

node involvement ranges from only one or few

granulomas to diffuse involvement by sheets of

closely spaced granulomas. The granulomas are

tightly cohesive aggregates of epithelioid histio-

cytes, sometimes referred to as “hard” granulo-

mas (Fig. 1). The margins of sarcoidal

granulomas are sharply demarcated from the sur-

rounding lymphoid cells, a feature that may allow

some distinction from other granulomatous

lymphadenopathies with more poorly formed or

dyscohesive granulomas. Admixed small lym-

phocytes are typically present, as are Langhans

type and foreign body-type giant cells. Giant cells

may contain intracytoplasmic Schaumann bodies

(laminated calcifications; Fig. 2), asteroid bodies

(star-shaped eosinophilic inclusions), or

Hamazaki-Wesenberg bodies (PAS+ ovoid

brown structures resembling yeast), none of

which are specific for sarcoidosis. In rare cases,

focal central necrosis may be present within

sarcoidal granulomas, but extensive necrosis is

not generally seen.

Granulomatous Lymphadenitis, Fig. 2 Schaumann

bodies are laminated calcifications that can be seen within

giant cells in sarcoidal granulomas but are not specific for

sarcoidosis. They should not be mistaken for foreign

bodies

Granulomatous Lymphadenitis, Fig. 1 Sarcoidosis is

characterized by well-formed non-necrotizing granulomas

which are well demarcated from the surrounding lymph

node elements
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Immunophenotype

Immunostaining is rarely required to identify

granulomas; the granuloma histiocytes are posi-

tive for histiocytic markers such as CD163 and

CD68, while most of the admixed lymphocytes

are CD4+ T cells. If the surrounding lymphoid

tissue in the lymph node appears abnormal,

immunostains may be warranted to investigate

the possibility of a malignant lymphoma with

associated sarcoid-like granulomatous reaction.

Molecular Features and Other Diagnostic

Testing

Microbiologic cultures and/or molecular testing

(see below) are helpful to exclude the possibility

of an infectious process. Serum angiotensin

converting enzyme (ACE) levels are elevated in

most patients with sarcoidosis, but this finding is

not entirely specific.

Differential Diagnosis of Non-necrotizing

Granulomatous Lymphadenitis

The differential diagnosis of sarcoidosis primar-

ily includes other causes of non-necrotizing gran-

ulomas. However, classic causes of necrotizing

granulomatous lymphadenitis may also occasion-

ally present with predominantly non-necrotizing

granulomas. Therefore, the pathologic diagnosis

of sarcoidosis should be rendered only after the

exclusion of other causes of granulomatous

lymphadenitis, including possible infectious eti-

ologies and in the appropriate clinical and radio-

logical setting.

A sarcoid-like reaction to an underlying pro-

cess such as malignancy, infection, some immune

deficiencies and inflammatory disorders, or drug

effect may have morphologic features indistin-

guishable from sarcoidosis. The antigenic stimu-

lation in such cases is assumed to be related to the

underlying disorder rather than idiopathic as in

the case of sarcoidosis. Involved lymph nodes are

located in the anatomic region draining the area

that contains the primary process. Morphologic

distinction of a sarcoid-like reaction from

sarcoidosis is not possible, and correlation

with clinical and laboratory data is necessary.

Well-established causes of sarcoid-like reactions

include carcinoma (Fig. 3), occupational dust

exposure, Crohn’s disease, certain chemothera-

peutic agents, and hypersensitivity reactions

(Asano 2012).

Infectious granulomatous lymphadenitis (see

below) should be considered in all cases with

a morphologic picture suggestive of sarcoidosis,

and special stains for organisms such as fungi and

mycobacteria should be obtained in such cases. In

general, infectious granulomatous lymphadenitis

is associated with less compact granulomas than

sarcoidosis and exhibits central necrosis.

Berylliosis results from occupational beryl-

lium inhalation and may result in

a granulomatous lymphadenitis with sarcoid-

like granulomas. Furthermore, the clinical find-

ings of berylliosis often overlap with sarcoidosis,

sometimes leading to diagnostic confusion. Cor-

relation with occupational history and laboratory

findings, including a beryllium lymphocyte pro-

liferation assay performed on a blood or

bronchoalveolar lavage specimen, can help dis-

tinguish berylliosis from other causes of non-

necrotizing granulomas (Balmes et al. 2014).

Foreign body granulomatous reactions may

have morphology similar to sarcoidosis, with

non-necrotizing granulomas. Direct microscopic

visualization of the foreign body is possible in

many cases, including reactions to prosthetic

joint material, surgical debris, and contaminants

Granulomatous Lymphadenitis, Fig. 3 A sarcoid-like

reaction can arise secondary to another inflammatory or

neoplastic process. In this case, scattered non-necrotizing

granulomas, indistinguishable from those seen in sarcoid-

osis, are present within a lymph node. Metastatic colorec-

tal adenocarcinoma was present in adjacent lymph nodes
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of injectables, such as the talc deposition that is

seen in intravenous drug users. Polarization of the

slide may be helpful in cases where foreign bod-

ies are suspected. Of note, like many foreign

bodies, Schaumann bodies sometimes seen in

sarcoidosis are also refractile under polarized

light. Distinction may be made from sarcoidosis

in that foreign body reactions are typically rich in

giant cells with relatively few non-giant cell epi-

thelioid histiocytic aggregates. Following che-

motherapy, foreign body-type granulomatous

reactions to endogenous cellular debris or cellular

breakdown products such as cholesterol crystals

may be seen in lymph nodes and tissues adjacent

to the treated tumor.

Reaction to silicone in lymph nodes may be

seen in patients following breast reconstruction

or augmentation, in which the leaked silicone has

spread through lymphatics to the draining lymph

nodes. The histologic picture of silicone lymph-

adenopathy is characterized by widespread his-

tiocytic and granulomatous reaction. There is

a foamy-appearing background with variably

sized empty vacuoles that represent areas of

prior silicone deposition that have been washed-

out during processing (Fig. 4). The process is

typically more diffuse than sarcoidosis with

a foamy background not seen in sarcoidosis and

lacks tightly formed granulomas.

Both Hodgkin lymphoma and non-Hodgkin

lymphomas can have associated sarcoid-like

granulomas (Fig. 5), seen in approximately 10%

and 5% of cases, respectively. Such granulomas

can be present in lymph nodes that are involved

by lymphoma cells as well as in those not directly

involved. Careful evaluation of the lymphoid tis-

sue surrounding any granulomatous process is

warranted in order to exclude the possibility of

an underlying lymphoma that may be inciting

a paraneoplastic granulomatous reaction.

Tuberculosis and Necrotizing
Granulomatous Lymphadenitis

Clinical Features

Epidemiologic features and therapeutic consider-

ations in tuberculous lymphadenitis reflect those

of tuberculosis in general. Please refer to the

encyclopedia entries on “Tuberculosis” and

“Mycobacterial Infections” for more

information.

Tuberculous lymphadenitis typically occurs in

the setting of reactivation of Mycobacterium

tuberculosis infection but may occur as an

Granulomatous Lymphadenitis, Fig. 4 Foreign bod-

ies such as silicone may lead to a non-necrotizing granu-

lomatous reaction within a lymph node. This case is an

example of silicone lymphadenopathy secondary to an

associated breast implant. The silicone has been removed

through processing, leaving only white vacuoles of vary-

ing sizes remaining. Admixed multinucleated giant cells

and loosely formed granulomas are present surrounding

the vacuoles

Granulomatous Lymphadenitis, Fig. 5 Both Hodgkin

lymphoma and non-Hodgkin lymphomas can elicit

a granulomatous response. This case of classical Hodgkin

lymphoma, mixed cellularity type, shows Reed-Sternberg

cells (arrows) admixed with a histiocyte-rich inflamma-

tory infiltrate including loose granulomas
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isolated finding. In reactivation of pulmonary

disease, there is involvement of hilar or medias-

tinal lymph nodes, resulting in the classic Ghon

complex of a lung lesion and associated hilar

lymphadenopathy. Extrapulmonary tuberculous

lymphadenitis may occur anywhere but most

commonly affects lymph nodes of the head and

neck, particularly the cervical or supraclavicular

region (Polesky et al. 2005). Patients with tuber-

culous lymphadenitis usually present with consti-

tutional symptoms such as fever and weight loss;

affected lymph nodes are typically painless.

Macroscopy

Lymph nodes involved by necrotizing granulo-

matous lymphadenitis, including tuberculous

lymphadenitis, show focal or diffuse replacement

by nodular, soft, white-yellow foci corresponding

to the granulomas. Necrosis is frequently identi-

fiable in the form of white-yellow caseous debris

or liquefaction, and sinus formation to the over-

lying skin may occur.

Microscopy

The lymph nodes contain granulomas which are

typically discrete and well-formed, with central

coagulative (termed “caseous”) necrosis and

associated Langhans type giant cells (Fig. 6). In

some cases, the granulomas may become conflu-

ent with extensive necrosis. The absence of

necrosis does not rule out tuberculous lymphad-

enitis, and infection should be ruled out with

special stains on all lymph nodes with granulo-

mas of unknown etiology. Central suppuration

with neutrophilic infiltrates is uncommon in

adults, but more frequent in tuberculous lymph-

adenitis affecting the pediatric population.

Organisms may be seen by Ziehl-Neelsen

stain for acid-fast bacilli (Fig. 7). The organisms

are typically rod-shaped, slender, and beaded.

Since they are often very difficult to find, assess-

ment of the stain using a 100� oil immersion

objective lens is recommended. The organisms

are most readily identified at the periphery of the

central necrotic areas. Organisms are usually

more abundant in tuberculous lymphadenitis

affecting immunosuppressed patients. The

absence of organisms on Ziehl-Neelsen stain

does not rule out mycobacterial lymphadenitis.

Since treatment of mycobacterial infections is

dependent on identification of the particular iso-

late as well as susceptibility testing, and given

that the distinction between Mycobacterium
tuberculosis and atypical mycobacteria is not

Granulomatous Lymphadenitis, Fig. 6 Tuberculous

lymphadenitis shows multiple expansile necrotizing gran-

ulomas with central caseation. Numerous Langhans type

giant cells are present. This histologic picture has a fairly

broad differential diagnosis, and special stains and micro-

biologic testing are usually necessary for a definitive diag-

nosis of tuberculous lymphadenitis

Granulomatous Lymphadenitis, Fig. 7 Acid-fast

bacilli may be present only in small numbers or may be

absent in tuberculous lymphadenitis. Thorough examina-

tion with an oil immersion lens (100� objective magnifi-

cation) is often needed to identify the organisms. This case

shows a single acid-fast bacillus (arrow) in a lymph node.

Mycobacterial cultures grewMycobacterium tuberculosis
(Ziehl-Neelsen stain)
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possible by histology, correlation with microbio-

logic assays is needed (see below).

Immunophenotype

Immunostaining is not indicated in the workup of

necrotizing granulomatous lymphadenitis, except

in identifying certain organisms such as

Bartonella or T. pallidum if these are suggested

by the histology (see differential diagnosis sec-

tion below).

Laboratory Testing and Molecular Features

If a granulomatous lymphadenitis suspicious for

infection is seen during intraoperative consulta-

tion, tissue should be sent for mycobacterial,

fungal, and bacterial cultures. Culture followed

by biochemical testing was the classic form of

laboratory identification of mycobacteria, and

modern detection continues to rely upon culture

of the organism with identification using molec-

ular modalities. These include nucleic acid

hybridization, PCR, sequencing, and DNA fin-

gerprinting (Handa et al. 2012).

Differential Diagnosis of Necrotizing

Granulomatous Lymphadenitis

Nontuberculous mycobacterial infections including
Mycobacterium leprae, Mycobacterium avium-

intracellulare, and atypical mycobacteria can

cause lymphadenitis similar to Mycobacterium
tuberculosis (Jarzembowski and Young 2008).

Tuberculoid leprosy is characterized by well-

formed granulomas with or without necrosis, pre-

sent focally or diffusely throughout the lymph node

and with an appearance that can be identical to

tuberculosis. However, tuberculoid leprosy has

a characteristic clinical course and presentation.

Lepromatous leprosy can also involve lymph

nodes but shows looser aggregates of foamy histio-

cytes, often within sinuses, rather than well-formed

granulomas. M. leprae organisms can be seen on

tissue sections with a modified acid-fast stain such

as FITE; organisms are abundant in lepromatous

leprosy and infrequent in tuberculoid leprosy.

Mycobacterium avium-intracellulare lymphadeni-
tis has a microscopic appearance more akin to

lepromatous leprosy than tuberculous lymphadeni-

tis. Lymph nodes are enlarged by sheets of foamy to

eosinophilic epithelioid macrophages that efface

the normal nodal architecture. The macrophages

may have a spindled appearance resembling

a spindle-cell neoplasm, and the abundance of

foamy cells may suggest a storage disease. Well-

formed granulomas are rarely seen, particularly in

immunosuppressed individuals. The organisms,

seen within the macrophages, are often abundant

and can be visualized by AFB and PAS stains.

Lymphadenitis caused by atypical mycobacteria

may have a variable appearance, including overtly

granulomatous inflammation, more diffuse aggre-

gates of histiocytes, or mixed inflammation,

depending on the organism.M. scrofulaceum infec-

tion in particular can look identical to tuberculous

lymphadenitis. Distinction depends on microbio-

logic testing, as detailed above. Organisms can be

seen on AFB or FITE stains.

Granulomatous lymphadenitis is seen infre-

quently in patients who have received the BCG

(Bacillus Calmette-Guerin) vaccine for tubercu-

losis and extremely rarely following

intravesicular BCG instillation for bladder can-

cer. Dissemination of the attenuated Mycobacte-
rium bovis strain occurs more frequently in

immunosuppressed subjects. Lymph nodes show

well-formed granulomas with variable necrosis,

which can mimic tuberculous lymphadenitis.

Organisms can be seen on AFB and FITE stains.

Fungal lymphadenitis is a common cause of

necrotizing granulomatous lymphadenitis, and

fungal stains such as Grocott’s methenamine sil-

ver (GMS) stain should be performed in all cases

of granulomatous lymphadenitis of unknown eti-

ology. Cryptococcus neoformans and

Histoplasma capsulatum are the most common

offenders, but other fungi such as Coccidioides

may be encountered. Nearly all patients are

immunosuppressed. Lymph node morphology

may be identical to tuberculous lymphadenitis,

with granuloma formation with or without central

necrosis. Identification of the causative organism

is the only means of distinction between fungal

and mycobacterial lymphadenitis. Histoplasma

capsulatum is seen on GMS stain as small

(2–5 mm) uniform oval yeast forms within histio-

cytes or within the necrotic center of granulomas

(Fig. 8). Characteristically, chronic infection of
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a lymph node with H. capsulatum results in

marked dense fibrosis in which embedded organ-

isms can be found. Cryptococcus neoformans are

round budding yeasts which are highly variable in

size (a clue to the diagnosis), ranging from 3 to

15 mm in diameter. They have a characteristic

thick polysaccharide capsule that can be seen on

tissue sections (Talerman et al. 1970). The organ-

isms are highlighted by GMS stain and

mucicarmine stain accentuates the capsule.

Syphilitic (luetic) lymphadenitis is classically

characterized by follicular hyperplasia and fre-

quent plasma cells. Non-necrotizing or necrotizing

granulomas may be seen. The organisms are

demonstrable on silver stain such as Warthin-

Starry and by T. pallidum immunohistochemistry.

Brucellosis, acquired through exposure to

animals or their by-products, is a cause of granu-

lomatous inflammation involving the reticuloen-

dothelial system. Lymphadenitis may appear

similar to sarcoidosis or to tuberculous lymphad-

enitis, with non-necrotizing or necrotizing

granulomas. Organisms are rarely seen, and the

diagnosis depends on elucidation of exposure

history and serologic testing.

Leishmania lymphadenitis occurs in the set-

ting of visceral leishmaniasis along with involve-

ment of the liver and spleen. Lymph nodes

typically demonstrate sheets and aggregates of

dyscohesive histiocytes containing the leishman-

ial organisms, which can be seen on H&E and

Giemsa stains. The diffuse nature of the histio-

cytic infiltrates is typically different from that of

a pure granulomatous lymphadenitis, but necro-

tizing granulomas may be seen in some cases.

Necrotizing granulomatous lymphadenitis

with suppuration is characteristic of a number of

entities. In such cases, in addition to granuloma

formation with central necrosis, there is an

admixture of neutrophils and eosinophils forming

microabscesses. The granulomas in such cases

often show palisading histiocytes around the

inflamed and necrotic centers. Tularemia lymph-
adenitis, Yersinia lymphadenitis, lymphogranu-

loma venereum (due to Chlamydia trachomatis),

and cat-scratch disease (due to Bartonella
henselae) all share this similar morphology

(Asano 2012). Expansile granulomas with central

purulent debris and angulated contours, the so-

called stellate microabscesses, are often seen in

cat-scratch disease and may be present in lym-

phogranuloma venereum. The site of involve-

ment often gives a clue to the diagnosis: while

cat-scratch disease typically involves cervical,

supraclavicular, or axillary lymph nodes, lym-

phogranuloma venereum almost always involves

inguinal nodes. (Please refer to entry on “Cat
Scratch Lymphadenitis.”) Yersinia spp., other

than Y. pestis, can result in suppurative granulo-

matous inflammation which typically involves

the mesenteric lymph nodes in the setting of

enterocolitis. A distinguishing feature of Yersinia

lymphadenitis is that the suppurative granulomas

are typically present within germinal centers.

Y. pestis (plague) also shows marked suppurative

inflammation and necrosis of the lymph node but

typically lacks well-formed granulomas.

Mycobacterial and fungal granulomatous lymph-

adenitis can occasionally have associated acute

inflammation, and it is wise to stain for AFB and

fungi in such cases.

Entities with loose histiocytic aggregates

without well-formed granulomas should be con-

sidered in the differential diagnosis of granulo-

matous lymphadenitis. These include

Toxoplasma lymphadenitis, Kikuchi

Granulomatous Lymphadenitis, Fig. 8 Fungal

lymphadenitis may present with necrotizing or non-

necrotizing granulomatous lymphadenitis, occasionally

mimicking sarcoidosis or tuberculous lymphadenitis. As

seen in this case, Histoplasma capsulatum may be seen as

small ovoid yeast forms within the granulomas by fungal

stain (Grocott’s methenamine silver stain)
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lymphadenitis, lupus lymphadenitis, Rosai-

Dorfman disease, Langerhans cell histiocytosis,

Whipple disease, and storage disorders.
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Definition

Hairy cell leukemia (HCL) is a rare and distinct
hematological disorder better characterized as a
chronic indolent leukemia of mature small B-cells
with abundant cytoplasm and ruffled cell
membranes – a feature that is recognized in this
entity’s name (Bouroncle et al. 1958). This hema-
tologic malignancy has unique features that set it
apart from other small B-cell lymphomas includ-
ing the hair-like projections of the cell membrane,
the lack of reciprocal chromosomal transloca-
tions, the absence of palpable lymphadenopathy,
and the dramatic response to therapy with purine
analogs (Grever et al. 2017; Robak et al. 2015).

Clinical Features

• Incidence
HCL represents approximately 2% of all lym-
phoid leukemias with an incidence of 0.3/
100,000 persons per year in Europe

corresponding to about 1,400 newly diagnosed
patients per year (Foucar et al. 2008). As HCL
patients tend to respond well to treatment fre-
quently without achieving cure and often having
relapses during the natural disease course its
prevalence follows a higher trend (Grever et al.
2017; Tiacci et al. 2017).

HCL seems to show a higher frequency
among Caucasians and in patients with
known exposure to diesel fuel, organic sol-
vents, pesticides, and herbicides (Zhang and
Foucar 2014). HCL is now considered a
work-related disease after the Committee to
Review the Health Effects in Vietnam Veterans
of Exposure to Herbicides identified the herbi-
cide “agent orange” as risk factor for the devel-
opment of this lymphoproliferative disease in
addition to other neoplasia and neurological
disorders (2014).

• Age
Patients with HCL are usually diagnosed at
50–60 years old with a median age of
52 years at diagnosis. However, rare cases
have been reported in patients in their second
or third decades of life (Robak et al. 2015).

• Sex
This lymphoproliferative disorder is four to
five times more common among men than in
women (Robak et al. 2015).

• Site
The most commonly affected sites are the bone
marrow (BM) and spleen. The peripheral blood
usually shows a paucity of neoplastic cells. As
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another distinction from other small B-cell
lymphoproliferative diseases, the involvement
of peripheral lymph nodes is infrequent occur-
ring in roughly 9% of the patients at diagnosis
(Foucar et al. 2008). This may be explained by
the downregulation of chemokine receptors
(e.g., CCR7 and CCR5) mainly involved in
the mobility of B and T cells to and across
high endothelial venules and their positioning
in the lymphoid organs (Zhang and Foucar
2014). Other sites occasionally affected
include liver, lung, and skin with usually
higher frequencies at relapse (Foucar
et al. 2008).

• Clinical Presentation
HCL patients’ most common presentation is
pancytopenia diagnosed as an incidental finding
(Grever et al. 2017). Other common presenta-
tions are fatigue and weakness (~80%); spleno-
megaly (~80–90%) and abdominal discomfort
(~25%); hepatomegaly (30–40%); fever, weight
loss, and anorexia (~20–35%); recurrent infec-
tions (~20–30%); and abdominal discomfort –
mainly at the upper left abdominal quadrant
(Foucar et al. 2008; Robak et al. 2015). Palpable
lymphadenopathy is a rare finding (~9%) at
diagnosis, but its incidence tends to increases
at relapse after treatment being a good parame-
ter for disease duration and extent (Robak
et al. 2015).

Autoimmune disorders (AID)/autoimmune-
like conditions are being identified as a more
prevalent finding among HCL patients becom-
ing an important cause of morbidity. Vasculit-
ides, mainly the cutaneous form, are the
commonest form of association. Rheumatoid
arthritis, antiphospholipid antibody syndrome,
sarcoidosis, Sjögren syndrome, autoimmune
hemolytic anemia, and idiopathic thrombocy-
topenia have also been reported in association
with HCL. They are more commonly seen
within the first year of diagnosis (Zhang and
Foucar 2014).

The Japanese variant of HCL is often
described as a morphological variant but
would fit in better as a clinical variant since it
is strictly described in a Japanese population
and it shows overlapping features between

classical HCL (cHCL), e.g., cell morphology,
indolent course, expression of CD11c, CD22
and TRAP, and HCLv (leukocytosis, easy bone
marrow aspiration, CD25, CD103, and
annexin A1 negative). The one feature that is
not common to cHCL or HCLv is the age of the
affected population that tends to be under
50 (Zhang and Foucar 2014).

• Treatment
HCL is uniquely sensitive to purine analogs
(cladribine and pentostatin), which are the cur-
rent standard initial treatment resulting in high
rates of complete and durable remissions of
approximately 80% at 5 years of diagnosis
(Grever et al. 2017). To avoid the side effects
of the therapeutic options such as toxicity and
immunosuppression, a watchful waiting
approach may be adopted in asymptomatic
patients (Robak et al. 2015).

The use of cladribine has been favored as it
has a safer profile and a less challenging admin-
istration regimen. Due to its myelosuppressive
effects, patients only start treatment in the
absence of active infection (Cornet et al. 2014).

Around 40% of patients will experience
relapse (Robak et al. 2015). Patients at a greater
risk for relapse usually present with severe
anemia, bulky splenomegaly (>10 cm), atypi-
cal immunoprofile, mutation of TP53,
unmutated IGHV, absence of BRAF mutation,
and IGHV4-34 usage (Robak et al. 2015;
Falini et al. 2016). Treatment response is
documented through analysis of hematological
parameters, physical examination, and bone
marrow trephine assessment with ancillary
immunohistochemistry that is helpful to mea-
sure residual disease especially when of low
volume (minimal residual disease – MRD)
(Noel 2011; Sharpe and Bethel 2006).

Complete remission is the most common
outcome after treatment and is often associated
with a long-disease-free interval (>5 years).
This is achieved when peripheral blood counts
reach complete/near complete normalization as
the bone marrow might take a longer time to
recover from therapy with nucleosides. For this
reason, BM assessment should be done after
4–6 months post-treatment. The presence of
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MRD is thought to be associated with early
relapse (Noel 2011).

Partial response is defined as an improve-
ment of at least 50% of the organomegaly and
of the infiltration seen on BMT. Progression is
regarded as the worsening of symptoms and/or
the decline in hematologic parameters (25%).
It is important to accurately distinguish the
hematologic decline seen in disease progres-
sion from therapy-related myelosuppression.
The latter usually occurs soon after treatment
with clear recovery during observation (Grever
et al. 2017; Noel 2011).

Morphologic relapse only, i.e., neoplastic
cells reappearing in the PB and/or BMT in the
absence of clinical relapse, should be carefully
followed but does not require immediate ther-
apy (Cornet et al. 2014; Grever et al. 2017). In
the event of early relapse, a second-line treat-
ment is recommended but still within the group
of nucleosides with or without the addition of
rituximab (Robak et al. 2015). If the relapse
occurs within 2 years of treatment, the diagno-
sis of HCL should be reassessed (Cornet et al.
2014; Robak et al. 2015).

Therapeutic options targeting BRAF
(vemurafenib) and MEK (trametinib) are prom-
ising. BRAF or MEK inhibitors suppress the
RAS-RAF-MEK-ERK pathway resulting in
loss of the classic “hairy”morphology followed
by apoptosis of these cells. Two recent trials
evaluated the efficacy of Vemurafenib in
relapsed or refractory HCL reporting response
rates ranging from 96% to 100% with 35–42%
of complete responses and toxicity ranging from
mild to moderate (Tiacci et al. 2017). They also
reported low levels of myelotoxicity which
might place vemurafenib as an alternative for
immunosuppressed patients with ongoing
opportunistic infections (Tiacci et al. 2017).

The dramatic response to BRAF/MEK
inhibitors seen in HCL, as opposed to that
observed in melanoma (response rates of 50%
mostly partial), can be explained by the strik-
ing addiction of neoplastic cells to the
RAS-RAF-MEK-ERK pathway (Tiacci et al.
2017). However, relapse after vemurafenib
therapy has been reported probably as a

consequence of persistence of residual disease.
This seems to be due to an acquired resis-
tance mechanism by the neoplastic cells that
develop further alterations down the
RAS-RAF-MEK-ERK pathway bypassing
ERK rephosphorylation even though there is
ongoing BRAF inhibition (Tiacci et al. 2017;
Grever et al. 2016).

One of the initial chemotherapeutical
options for HCL – Interferon-a – dates back
to the early 1980s. It was reported to induce a
partial response in 40–80% of patients but in
view of the excellent responses to purine ana-
logs interferon-a remained as an option for
pregnant patients and a secondary line of treat-
ment for selected patients in relapse (Robak
et al. 2015).

• Outcome
HCL outcome is excellent as it is an indolent
lymphoproliferative disease with an exception-
ally good response to appropriate treatment
(Zhang and Foucar 2014). The overall
response rate is over 95% with 80% of the
treated patients expected to achieve complete
response. Although most will achieve durable
responses (median of 16 years), relapse rates at
5–10 years of follow-up are reported to be
around 30–45%. High grade transformation is
an exceedingly rare event with very few cases
reported (Zhang and Foucar 2014; Sharpe and
Bethel 2006).

The most significant variables associated
with the longest relapse-free survivals are
complete response to therapy, hemoglobin level
(>10 g/dL), and platelet count (>100,000 mL).
Other adverse indicators include lymph node
involvement, presence of unmutated IGHV, and
IGHV VH3-4 usage (Robak et al. 2015).

There is still some controversy about the
incidence of secondary malignancies in HCL.
Some studies reported a marginal association
with solid cancers, mainly renal cell carci-
noma, thyroid cancer, skin tumors, and colon
cancer. Among hematological malignancies,
non-Hodgkin lymphomas (mainly multiple
myeloma) and Hodgkin Lymphoma
(approximately 16% in one series) seem to be
truly more prevalent (Cornet et al. 2014).
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Morphology: Macroscopy and
Microscopy

Morphological assessment of PB, BM aspirate,
and trephine are key steps to reach an accurate
diagnosis and given its distinctive morphologic
and immunophenotypic features this task is usu-
ally not challenging. The neoplastic cells tend to
involve mainly the spleen and the bone marrow
resulting in organomegaly (hypersplenism) and
fibrosis with replacement of the normal hemato-
poietic population, respectively (Zhang and
Foucar 2014; Sharpe and Bethel 2006) (Figs. 1,
2, and 3).

Cytologically the neoplastic population is
composed of small- to medium-sized cells with a
centrally placed nucleus, abundant and clear cyto-
plasm that produce another classic feature of
HCL: a “fried egg” appearance. The nuclei are
usually round, but can also be oval, reniform, or
lobated. Chromatin is granular and partly con-
densed. Nucleoli are usually absent or inconspic-
uous and mitotic figures or transformed cells are
absent (Sharpe and Bethel 2006; Wotherspoon
et al. 2015).

Spleen
Splenomegaly is estimated to be present in 96% of
the patients (Wotherspoon et al. 2015; Zhang
2014). In the advent of less invasive diagnostic
techniques and affective therapeutic options, sple-
nectomies are rarely performed. Microscopically,
there is a prominent infiltrate of the splenic red
pulp which usually leads to an inconspicuous
white pulp. Variable degrees of architectural
effacement can be seen. The neoplastic infiltrate
can replace the sinuses’ endothelium with conse-
quent degeneration of its basement membrane and
dilatation and disruption of the vascular spaces.
The extravasated erythrocytes produce the typical
appearance of “blood lakes” (Foucar 2008; Zhang
and Foucar 2014).

Bone Marrow
Bone marrow involvement tends to be patchy
with an infiltrative rather than pushing growth

pattern surrounding fat lobules that are left pre-
served at least focally. The neoplastic infiltrate is
usually seen in a paratrabecular and
intramedullary distribution. It may also show an
intrasinusoidal component, although less pro-
nounced than in splenic marginal zone lymphoma
(SMZL) or splenic diffuse red pulp lymphoma
(SDRPL). This is better visualized with
immunostains such as CD20, DBA44, or annexin
A1 (Sharpe and Bethel 2006).

The myelofibrosis associated to HCL is due to
deposition of fibronectin which is synthesized by
the neoplastic cells and is the cause of dry taps.
There is a characteristic pericellular deposition in
variable degrees. The normal hematopoietic pop-
ulation is reduced with a predominance of the
erythroid lineage that may show dysplastic or
hypoplastic features. Cytological features are sim-
ilar to that described in the spleen (Sharpe and
Bethel 2006; Wotherspoon et al. 2015).

Analysis of the BM trephine allows an accurate
estimate of the involvement extension also pro-
viding a control for treatment response assess-
ment. This may be reported using the hairy cell
index which is the percentage of bone marrow
spaces involved by tumor cells (Wotherspoon
et al. 2015).

Peripheral Blood
Peripheral blood smears will show variable
number of hairy cells, mostly low numbers.
The neoplastic cells will present with pale cyto-
plasm and cell membrane projections resembling
hair strands. The nucleus is round/oval and
eccentric with loose chromatin. Nucleoli are
either absent or inconspicuous (Sharpe and
Bethel 2006).

Other Sites
Lymph node infiltration mostly occurs in a para-
cortical fashion usually surrounding the germinal
centers. Sinuses are generally spared even in the
event of diffuse involvement. Extravasated
erythrocytes can be seen, but they rarely form
blood lakes (Foucar 2008; Sharpe and Bethel
2006).
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Hairy Cell Leukemia, Fig. 1 HCL involving the bone
marrow. (a) HE 10� and (b) 40� showing the characteristic
small to medium size cell population with a centrally placed
nucleus, abundant, and clear cytoplasm that produce the
classic feature of HCL – a fried egg appearance. Nucleoli

are usually absent or inconspicuous; (c) Pericellular deposi-
tion of reticulin; (d) The neoplastic infiltrate typically
expresses CD20; (e) annexin A1; (f) CD25; (g) CD123 and
(h) TRAP. (i) CD34 highlights the predominatly diffuse/
interstitial infiltrate with a subtle intrasinusoidal component
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The liver is almost invariably involved in
HCL, but since liver biopsies are no longer
part of the standard staging for lymphoma,
they have become a rare finding. Tumoral
cells infiltrate the sinuses and portal tracts
with consequent expansion. Angiomatoid
focus, a peculiar hepatic lesion composed of
blood-filled spaces lined by hairy cells, may

be seen. It is a similar mechanism to the blood
lake formation seen in the spleen (Sharpe and
Bethel 2006).

Involvement of other sites such as lung, pleura,
soft tissues, gastrointestinal tract, hernia sac, and
skin has been reported but are unusual occur-
rences (Zhang and Foucar 2014; Sharpe and
Bethel 2006).

Hairy Cell Leukemia, Fig. 2 HCL involving the spleen.
(a) HE 2� showing a predominant red pulp involvement
and the formation of “blood lakes”; (b and c) HE 10� and
20� showing the characteristic small- to medium-size cell

population. (c) In detail disruption of vascular spaces;
(d) CD20 highlights the neoplastic infiltrate; (e) Expres-
sion of CD11c by neoplastic cells; (f) CD8 highlights the
pattern of infiltration by staining of litoral cells
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Hairy Cell Leukemia, Fig. 3 HCL involving lung and
lymph node. (a) and (b) Showing heavy infiltration of
hairy cells in the lung and peribronchial tissues. (c) and
(d) The neoplastic cells are positive for CD20 and annexin

A1. (e) and (f) showing effacement of normal lymph node
architecture by hairy cells with extension to perinodular fat
tissue. (g) and (h) CD20 and annexin A1 highlight the
neoplastic infiltrate
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Morphological Variants
Review of the literature reveals the description of
four morphological variants of the cHCL. The
multilobular variant described in two HCL case
series shows marked nuclear lobulation and
clefting often resembling T-cell lymphoma/leuke-
mia. However, other characteristics such as chro-
matin pattern (finely reticular), immunophenotype
(TRAP expression), and clinical findings were, in
the majority of cases, typical of classic hairy cell
leukemia (Zhang and Foucar 2014).

The blastic variant has six cases described so far
with most cases (four out of six) behaving poorly.
The blastic cells are large with short cytoplasmic
projections, enlarged nuclei, and distinct single
nucleoli. They also tend to retain expression of
markers typically positive in classic HCL and pre-
sent a highmitotic index (Zhang and Foucar 2014).

An anaplastic variant was reported in 1985 in a
63-year male patient who developed an anaplastic
neoplasm as a large abdominal mass 3 years after
the diagnosis of HCL. Interestingly, the neoplasia
retained TRAP expression but lost the typical
cytoplasmic “hairy” projections. The patient had
a poor outcome dying 12 months after the diag-
nosis of the anaplastic neoplasm. Electron micro-
scopic assessment suggested a lymphoid origin,
i.e., transformation from the initial classic hairy
cell leukemia (Zhang and Foucar 2014).

A brief report of a variant with ring-shaped
nuclei describes a case of HCL with typical cells
found only in BMT and smears. The ring-shaped
nuclei accounted for 1.5% of the total nucleated
cells with only 8% of them showing TRAP
expression. The authors observed another case
after reviewing 11 bone marrow smears but with
an even smaller proportion of the cells exhibiting
the ring-shaped pattern (Zhang and Foucar 2014).

Immunophenotype

Classically, hairy cells will brightly coexpress
CD20, CD22 (and other pan B-cell markers),
CD11c, and monotypic surface immunoglobulin.
Other positive immunostains include CD103,

CD123, CD25, DBA44, cyclinD1, and annexin
A1. The neoplastic cells are usually negative for
CD23, CD10, and CD5 although aberrant pheno-
types have been reported in approximately 30%
(Foucar 2008; Wotherspoon et al. 2015).

ANXA1 has been described as one of the most
upregulated genes in HCL and as such the use of an
antibody targeting its product– annexinA1protein–
conferred a high specificity for the diagnosis ofHCL
showing cytoplasmic and, occasionally, nuclear
staining. Its use for monitoring residual disease is
discouraged since the number of hairy cells after
therapy decreases considerably and distinction from
other elements also positive for annexin A1, such as
myeloid cells, macrophages, and T-cells, would
require further work up, i.e., double stainings and
molecular assays for BRAFV600E mutation (Falini
et al. 2016; Zhang and Foucar 2014).

A monoclonal antibody targeting the
BRAFV600E mutated product (cloneVE1) was
recently developed allowing the identification of
this point mutation through an immunoassay in
routine paraffin sections. Although it seems to be
a convenient and reliable alternative, further stud-
ies are needed to validate this method (Falini et al.
2016; Zhang and Foucar 2014).

Molecular Features

Hyperactivity of the RAS-RAF-MEK-ERK path-
way, usually resulting from the BRAFV600E var-
iant, is characteristic of HCL (Tiacci et al. 2017).
BRAFV600E mutations are clonal, have a high
prevalence (>97%), and are absent from other
B-cell entities, strongly implicating these as
disease-defining molecular lesions (Falini et al.
2016). Interestingly, pharmacological inhibition of
BRAF leads to loss of the cytoplasmic protrusions
typical of HCL cells, implicating BRAFV600E
activity with this neoplasm’s peculiar cytology
(Grever 2016; Tiacci et al. 2017). The presence of
IGHV4-34 rearrangements, either unmutated or
lowly mutated, in BRAF wild type HCL cases has
been reported in one study, but selection bias
toward HCL-variant due to refractoriness to purine
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analogues in that patient population cannot be ruled
out. Regardless of the particularities of the patient
population in the aforementioned study,
BRAFV600E prevalence remained high at 79%,
further supporting a strong association between
HCL and RAS-RAF-MEK-ERK hyperactivity
(Tiacci et al. 2017). In addition to BRAFV600E,
non-V600E variants adding up to <5% of all
BRAF mutations have been described. At least
two of these have been reported in HCL: F468C,
a known activating mutation, and D449E, of
unknown significance (Tiacci et al. 2017).

Another recurrent genomic aberration in HCL
are deletions and truncating mutations KLF2,
which can be present in up to 16% of the cases.
KLF2 is a transcription factor related to B-cell
maturation and in HCL these genomic aberrations
are usually clonal and monoallelic, which could
imply the existence of haploinsufficiency state for
this gene (Tiacci et al. 2017). Studies that eluci-
date the biological role and clinical significance of
KLF2 alterations in HCL are lacking. Importantly,
certain cyclin dependent kinase inhibitors (e.g.,
CDKN1A/p21), which halt cell-cycle progression
and favor senescence, can be direct targets of
KLF2 (Tiacci et al. 2017).

Absent or very low levels of CDKN1B/p27 are
another near universal feature of HCL. Mechanisti-
cally, CDKN1B/p27 downregulation can be
induced by RAS-RAF-MEK-ERK signaling as
well as other genomic and nongenomic alterations
(Tiacci et al. 2017). Mutations involving CDKN1B/
p27 are present in 16% of HCL cases and are, as in
the case of KLF2, usually clonal and
monoallelic. Haploinsufficiency of tumor suppres-
sion is a well-recognized feature of CDKN1B/p27
variants and has been described in other human
malignancies (Grever et al. 2017; Tiacci et al. 2017).

Differential Diagnosis

HCL differential diagnoses include splenic mar-
ginal zone lymphoma (SMZL), splenic diffuse
red pulp small B-cell lymphoma (SDRPL), hairy
cell leukemia-variant (HCLv), Japanese variant of

HCL (HCLjv), anaplastic anemia/myelodysplastic
syndrome (Table 1).

SMZL is a lymphoproliferative disorder of
small B cells but with prominent involvement of
the white pulp. It has a nodular and pronounced
intrasinusoidal pattern of infiltration. SMZL
immunophenotype also differ in the lack of
expression of CD123 and annexin A1. Of note,
coexpression of CD11c, CD25, CD103, and
DBA-44 are rarely seen (Sharpe and Bethel
2006; Zhang and Foucar 2014).

SDRPL and HCLv are currently classified
within the group of splenic B-cell lymphomas/
leukemias, unclassifiable. The first is a very rare
lymphoma of small B cells involving the periph-
eral blood and with a striking intrasinusoidal
infiltration pattern seen in BMT and spleen (red
pulp) (Zhang and Foucar 2014). Characteristi-
cally, the neoplastic cells do not show expression
of annexin A1, CD25, CD103, CD123, and
CD11c although aberrant phenotypes have been
described in the literature (Foucar et al. 2008;
Zhang and Foucar 2014).

HCLv affects a similar population to that seen in
classic HCL, but they tend to present with a dis-
tinctive leukocytosis associated to cytopenias
(mainly thrombocytopenia and anemia) (Robak
2011). Morphologically, the cells are larger with
prominent nucleoli often resembling features of
prolymphocytic leukemia. The cytoplasm may
show variable degrees of hairy projections. Splenic
red pulp is involved in a similar pattern to classic
HCL, but the bone marrow is not associated with
reticulin fibrosis. Neoplastic cells are positive for
DBA44, pan B-cell markers, CD11c, and CD103
but are typically negative for CD25, CD123,
TRAP, and annexin A1 (Zhang and Foucar 2014).

Since HCL involvement of the bone marrow
can result in dysplastic or hypoplastic changes of
the remaining hematopoietic population, aplastic
anemia and myelodysplastic syndrome are
important differential diagnoses. Careful analy-
sis of the BMT with the aid of immunohisto-
chemistry will help to confirm or exclude the
diagnosis of HCL (Foucar et al. 2008;
Wotherspoon et al. 2015).

Hairy Cell Leukemia 189

H



Hairy Cell Leukemia, Table 1 HCL main differential diagnoses: SMZL, SDRPL, and HCLv

Features HCL SMZL SDRPL HCLv

Clinical

Age 50 years 50–60 years >40 years 60–70 years

Gender M � F M = F M = F M > F

PB Cytopenia/
monocytopenia

Lymphocytosis Low lymphocytosis Lymphocytosis

Morphology

Cytology

Membrane Thin projections
on all surface

Projections with
polar distribution

Projections (short and thick)
with polar distribution

Thin projections
on all surface

Cytoplasm Abundant, pale Moderate,
basophilic

Moderate to abundant Abundant

Plasmacytoid
features

Plasmacytoid features

Nucleus Oval/“coffee
bean”

Round Round/oval Round/oval

Nucleolus Absent Absent/small Absent/small Evident

Infiltration pattern

BMT Diffuse/INT Nodular/IS Nodular/IS/INT Diffuse/IS/INT

Spleen Red pulp White pulp Red pulp Red pulp

Immunophenotype

B-cell markers BR+ + + +

CD25 BR+ Rarely + Rarely + �
CD11c BR+ Usually + +/BR+ +/BR+

CD123 BR+ �/weakly + �/rarely + �/weakly +

DBA44 + + + +

Annexin A1 + � �/rarely + �
BRAFV600E
(VE1)

+ (80–100%) � �/rarely + �

Main genetic lesions

BRAFV600E
mutation

+ (>97%) � � �

CDKN1B
mutations

+ (~16%) N/A N/A N/A

KLF2 mutations + (~16%) + (20–40%) N/A �
MAP2K1
mutationsa

� Rarely + Rarely + + (~48%)

NOTCH2
mutations

� + (10-25%) � N/A

7q deletions + (10%) + (~30%) + (18%) + (~15%)

TP53del/mutations Rarely + + (15–20%) Rarely + + (~33%)

NF-kB alterationsb N/A + (~35%) N/A N/A

BMT bone marrow trephine, BR bright expression, F female, HCL hairy cell leukemia, HCLv hairy cell leukemia variant,
INT interstitial, IS intrasinusoidal,Mmale,N/A genes that have not been individually investigated by targeted analyses in that
specific context, PB peripheral blood, SDRPL splenic diffuse red pulp small B-cell lymphoma, SMZL splenic marginal zone
lymphoma, (+) positive, (�) negative
aCases with HCL phenotype, BRAF wild-type and lowly/unmutated IGHV4-34 rearrangement have been described with
MAP2K1 mutations and poor response to purine analogs
bIncluding TNFAIP3, TRAF3, MAP3K14, IKBKB, and BIRC3
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Definition

The term “hamartoma” has been proposed by
Albrecht (1902) to designate a tumorlike lesion
constituted by the association of different normal
tissues in total disorganization, mimicking a
tumor but with a benign evolution and regarded
as a congenital malformation.

This term is equivalent to the term
“dysembryoplasie” in the French literature. In
hematopoietic organs, hamartomas have only
been described in the spleen and lymph nodes.

Hamartomas of the Spleen

Definition
These lesions of the spleen first described by
Rokitansky (see Berge 1965; Diebold et al. 1972)
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realize nodules developing in the red pulp, expan-
sive, compressing the parenchyma surrounding
them. Each nodule is constituted by spleen paren-
chyma, essentially red pulp, with or without white
pulp and a variable amount of fibrosis. These nod-
ules have been compared to “a small spleen devel-
oping in the main spleen.” The course is benign.

The mechanism of development is still a matter
of discussion. Two hypotheses are discussed
reflecting the name used.

The term “hamartoma” proposed by Albrecht is
used commonly in the English literature. This def-
inition does not describe really the morphology of
the lesions. They are constituted as normal red pulp,
by cords and sinuses which are distended, dilated
giving an impression of disorganization, but in fact,
they keep normal relations and are functional. Rela-
tions between the red pulp component and thewhite
pulp component when present are more or less
similar to the normal spleen architecture. The mod-
ifications are due to blood stasis in both sinuses and
cords, accumulations of various types of cells, and
development of fibrosis. On the other hand, there
are no proofs of a congenital origin. No case has
been observed in newborns and cases occurring in
children are rare (Hayes et al. 1998).

The second hypothesis postulated that such
lesions are acquired lesions. They may represent
a peculiar transformation of the spleen paren-
chyma in response to an increase of arterial
blood injection in some areas of red pulp, with
trapping of blood and various cells in both cords
and sinuses. These disorders of the spleen micro-
circulation of unknown origin are also responsible
of a mechanical obstacle to the draining of these
areas toward the normal spleen. Such disturbance
of the microcirculation can also explain the
increase in size of these lesions. For all these
reasons, we prefer to follow Berge and to use the
term “splenoma” indicating that these lesions are
arising in the spleen. Such lesion could be
acquired and reactive, perhaps post-traumatic.

Clinical Features
Many cases are completely silent, and splenomas
are discovered only by chance mostly after splenec-
tomy, for example, after traffic accident, or today by
systematic imaging technique (abdominal CT-scan).

In other patients, a splenomegaly, of variable
importance or signs of hypersplenism, mostly
anemia, represents the first symptom.

• Imaging
Multimodality imaging findings can be useful
for the diagnosis of splenomas, as recently
described by Wang et al. (2013) and summa-
rized by Sim et al. (2013) as follows.

On ultrasonography, splenomas appear as
hyperechoic solid masses relative to the adjacent
normal splenic parenchyma. On color Doppler
imaging, there is evidence of increase blood flow
resulting from hypervascularization. On CT
imaging, they appear as isodense or hypodense
solid masses relative to the adjacent normal
splenic parenchyma, with often cystic changes
and combined calcifications. Magnetic reso-
nance imaging (MRI) findings are different
according to the presence or the absence of fibro-
sis. Most are isointense in T1-weightedMRI and
heterogeneously hyperintense in T2-weighted
MRI (Sim et al. 2013).

• Association
A few cases have been discovered in the spleen
removed for chronic idiopathic thrombocytope-
nia. Some patients (Diebold and Audouin 1988)
presented, in the removed spleen, a curious
association of lipid histiocytosis (with sea-blue
histiocytes in one), peliosis, and splenomas.

Splenomas have also been observed in
spleens removed for various hematologic dis-
eases: primary myelofibrosis (Brouland et al.
1994), Hodgkin’s lymphoma or various non-
Hodgkin lymphomas, B-CLL, hairy cell leuke-
mia, thymoma, or chronic myelomonocytic
leukemia (Diebold et al. 1972).

Association with squamous cell carcinoma
or renal cell carcinoma has been reported (Sim
et al. 2013) as well as with rare cases of tuber-
ous sclerosis (Abramowsky et al. 2004; Darden
et al. 1975; Lee and Maeda 2009; Van Heerden
et al. 1967).

• Incidence
The first larger series (Berge 1965) reported
10 cases observed during the practice of
8.114 consecutive systematic autopsies in
adults.
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Today, more than 150 cases have been
published, with an incidence of 0.024% to
0.13% (Sim et al. 2013).

• Age
The majority of the reported cases have been
observed in adults, with a mean age of more
than 50 years. Cases observed in children
remain rare, probably no more than 20 cases,
mostly symptomatic (Hayes et al. 1998).

• Sex
Both sexes are involved, without any
predominance.

• Site
The main site is the spleen, but splenoma has
been also seen in accessory spleens.

• Treatment
After splenectomy, the patients are cured. At
present, partial splenectomy based on a good
topographic study by multimodal radiologic
work-up can be proposed (Havlic et al. 1990).
Some patients have been also splenectomized
during laparoscopy.

In pediatric patients, when imaging is typi-
cal, to avoid the complications following sple-
nectomy, abstention could be discussed.

Macroscopy
The size of the spleen is often normal or shows a
variable increase, weighing between 600 and
2000 g. Rarely, the spleen is bosselated by large
or multiple lesions. Only a few cases present huge
size, corresponding mostly in cases showing mul-
tiple splenomas or splenoma associated with leu-
kemia, chronic myeloproliferative diseases,
lymphoma, or lipidic histiocytosis.

On the cut section, splenoma mostly is
represented by a single nodule, showing the same
color as the parenchyma of the spleen at fresh exam-
ination or after formalin fixation (Fig. 1). On fresh
examination, the nodule protrudes over the section
surface. The dimensions are variable, ranging from
1 to 2 cm in diameter to more voluminous (10 to
20 cm in diameter and even more). The number of
lesions is also variable. In cases of multiple
splenomas, their size varies between a few mms
and 5 to 10 cm. The nodules are round or ovoid,
well delimited but without capsule, compressing the
surrounding red pulp. Older lesions show irregular

white areas, sometimes with brownish dots,
corresponding to the development of fibrosis, with
deposits of hemosiderin pigment.

Splenomas are sometimes discovered on the
spleen removed for other diseases. For example,
white tumorous nodules destroying the spleen can
be associated in cases of Hodgkin’s or non-
Hodgkin’s lymphomas or diffuse homogeneous
infiltrates of the spleen parenchyma in cases of
various leukemia or myeloproliferative neo-
plasms or in different lipidic histiocytosis.

Microscopy
Three main patterns have been described (Berge
1965). First, a “follicular type” in which areas of
red pulp are associated with sheets of lymphoid
tissue constituted by follicles (either active, with
germinal center, mantle, and marginal zone – very
rare – or inactive) and remnants of lymphoid peri-
arteriolar sheets (rare). Second, a “cordonnal type,”
the most frequent, constituted of red pulp, with
cords and sinuses (Fig. 2), both often distended
by blood and a variable quantity of reactive cells
(lymphocytes, mature plasma cells, polymorphs,
and numerous macrophages, with erythropha-
gocytosis and/or hemosiderosis). Cases with such
macrophage hyperplasia and erythrophagocytosis
have been associated with severe anemia (Diebold
et al. 1972). A last type is called “fibrotic” in which
sheets or bands of collagen fibrosis are associated
with one of the two other types, obscuring their
structures. Fibrosis begins in the cords and is well

Hamartoma of the Spleen and Lymph Nodes,
Fig. 1 Spleen Hamartoma, Splenoma: After fixation, the
small nodule without white pulp has an aspect similar to the
surrounding normal red pulp. Notice the normal white pulp
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demonstrated by silver impregnation technique. In
distended sinuses, often the PAS-positive rings of
basal membrane disappear.

Sometimes in any type, hypertrophied endo-
thelial cells may protrude in the lumen of the
sinuses (Fig. 3). Large atypical stromal cells
have been observed in a few cases (Cheuk et al.
2005; Laskin et al. 2005; Lee and Maeda 2009).
Some cases may be associated with myeloid meta-
plasia (Diebold et al. 1972).

We also observed two patients presenting
chronic idiopathic thrombocytopenia treated with
steroids, who needed a splenectomy for relapse
and for whom the main spleen for one and a large

accessory spleen for the other show a very peculiar
association of multiple small splenomas, lipid
histiocytosis in the spleen, and areas of peliosis but
not in the splenomas. The relation of all these lesions
remains without explanation. It’s only possible to
raise the question of possible disturbance of the
intrasplenic microcirculation by accumulation in
the red pulp of a high amount of lipid-laden histio-
cytes due to incomplete digestion of phagocytosed
platelets in the development of both splenoma and
peliosis (Diebold and Audouin 1988).

A cordonnal-type splenoma (observed in a
patient with primary myelofibrosis) (Brouland
et al. 1994) was associated with large areas of
siderophages containing hemosiderin (Fig. 4). This
splenoma showed sinuses distended by blood and
accumulation of numerousmegacaryocytes (Fig. 5),
some giant, associated with clusters of large baso-
philic erythroblasts, both lineage constituted by cells
at various stages of maturation. By comparison with
the surrounding red pulp, the megacaryocytes were
more numerous and larger in the splenoma. In some
areas, the distended sinuses realize sometimes a
peliotic pattern.

Immunohistochemistry
The cells lining the splenoma vascular channels
express the same immunophenotype as the normal
spleen sinuses with positivity of CD31, some-
times CD34, vimentin, factor VIII-related antigen,
and CD8.

Hamartoma of the Spleen and Lymph Nodes,
Fig. 2 Splenoma, cordonnal type, compressing adjacent
parenchyma with reactive lymphoid follicles. Notice out-
side the splenoma some peliotic pattern

Hamartoma of the Spleen and Lymph Nodes,
Fig. 3 Splenoma, cordonnal type: hypertrophic endothe-
lial cell in the sinuses

Hamartoma of the Spleen and Lymph Nodes,
Fig. 4 Splenoma cordonnal type, in a patient with primary
myelofibrosis. No white pulp within the lesion
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Angiomyomatous or
Angiolipomyomatous Hamartomas of
Lymph Nodes (AMH or ALMH)

Definition
These lesions realize a rare benign primary
pseudotumor of lymph nodes, first described by
Chan et al. (1992) as a vascular tumor and later
included in nodal smooth muscle cell prolifera-
tion. They do occur essentially in inguinal nodes
and more rarely in other sites: popliteal, femoral,
cervical, and submandibular (Dzombeta
et al. 2012).

Clinical Features
According to published cases (Dzombeta et al.
2012), there is a slight adult male predominance
(2:1) with a peak incidence in the sixth decade
(Lee et al. 2015) and a high predominance of cases
occurring in the inguinal region. One case occur-
ring in an 8-month-old child has been reported
(Catania et al. 2012).

The symptoms are limited to the perception of
a firm nodular mass interesting a local lymph
node, sometimes painful, growing in a few
weeks. An ipsilateral lymph edema can be associ-
ated in some cases (Chan et al. 1992; Lee
et al. 2015).

Pathology

Macroscopy
The mass can be small, about 1 to 2 cm in diameter,
or larger up to 10 cm. The largest cases infiltrated
deeply the muscles, tendons, and surrounding tis-
sues. Lymph nodes of variable size (1 to 4 or 5 cm)
can be recognized in the resected mass. The cut
surface is yellowish brown. The tissue of the mass
appear well vascularized. Some calcifications may
be present in the mass (Lee et al. 2015).

Histopathology
Involved lymph nodes show a partially preserved
parenchyma with progressive replacement of the
lymphoid tissue by fibrosis with bundles of fusi-
form smooth muscle cells and associated lobules
of matures adipocytes. All these tissue are grow-
ing in a disorganized fashion, beginning in the
hilum of the nodes and extending to the convexity.
Vessels can be numerous, showing distended
lumen, thick wall due to the presence of large
fascicles of smooth muscle cells. Sometimes
these cells realize nodules with hyalin fibrosis.
Sheets of plump endothelial cells with an epithe-
lioid morphology can be observed. In few cases,
these small blood vessels with thickened wall may
realize glomeruloid structures similar to those
observed in primary pulmonar hypertension
(Dargent et al. 2004). A few remnants of lym-
phoid tissue are recognizable with atrophic folli-
cles. Large areas of mature adipose tissue may be
present, leading to the use of the term “angiomyo-
lipomatous” (Allen and Hoffman 1993; Magro
and Grasso 1997; Dzombeta et al. 2012). At the
periphery of the mass, numerous vessels with
distended lumen and thin wall are observed, with
between the vessels, sheets of myofibroblasts with
eosinophilic cytoplasm and an ovoid centrally
situated nucleus (Figs. 6, 7, and 8).

Immunohistochemisry
The fusiform cells in bundles express smooth
muscle actin and are myofibroblasts. The endo-
thelial cells are positive for CD31, CD34, and
factor VIII. Both types of cells are negative for
HMB 45.

Hamartoma of the Spleen and Lymph Nodes,
Fig. 5 Splenoma cordonnal type, in a patient with primary
myelofibrosis. The sinuses in the splenoma are distended
by numerous hematopoietic cells, particularly
megacaryocytes
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Evolution
After surgical resection, according to publication,
the patients have no recurrence and remain normal.

Clinical Variants
A few cases are peculiar due to the association
with another pathology: pigmented villonodular
synovitis (Kim et al. 2011), vascular transforma-
tion of sinuses (Laeng et al. 1996), and Klippel-
Trenaunay syndrome (Prusac et al. 2011).

Differential Diagnosis
AMH is completely different from hemangioma
and lymphangioma or from vascular transfor-
mation of nodal sinuses.

Other smooth muscle cell proliferations should
also theoretically be discussed as hilar smooth
muscle cell proliferation, angiomyolipoma,
lymphangiomyomatosis, leiomyomatosis, or
intranodal leiomyoma.Morphology and immuno-
histochemistry are sufficient for eliminating all
these smooth muscle cell proliferations.
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Introduction

The heavy chain diseases are a group of
lymphoproliferative disorders of small
B cells and plasma cells that are associated
with secretion of an abnormal immuno-
globulin heavy chain (Wahner-Roedler and
Kyle 2005). Deletions within the IGH gene
remove the CH1 domain of the protein, which
contains the binding sites for immunoglobulin
light chains (Fig. 1). The deletions may
also include portions of the variable regions.
As a result, the neoplastic cells produce an
abnormally truncated heavy chain protein

Heavy Chain Diseases 197

H



that is unable to bind to light chains. The precise
mechanisms giving rise to the deletions within
IGH are unknown, but may result as
a consequence of ongoing somatic hyper-
mutation of the IGH locus.

The heavy chain diseases are grouped based on
the isotype of the abnormal heavy chain: alpha
heavy chain disease (IgA), mu heavy chain dis-
ease (IgM), and gamma heavy chain disease
(IgG). Some cases may morphologically resemble
otherwise typical examples of well-defined small
B-cell neoplasms, such as chronic lymphocytic
leukemia or extranodal marginal zone lymphoma
(MALT lymphoma). However, these disorders are
associated with unique clinical features that are
sufficiently distinct to warrant recognition as sep-
arate clinicopathologic entities.

Alpha Heavy Chain Disease

Synonyms
Immunoproliferative small intestinal disease
(IPSID); Mediterranean lymphoma

Definition
Alpha heavy chain disease (aHCD) is a B-cell
neoplasm, usually with extensive plasmacytic

differentiation, that secretes an abnormal IgA
heavy chain that is incapable of binding immuno-
globulin light chains (Wahner-Rodeler and Kyle
2005; Lecuit et al. 2004).

Clinical Features
• Incidence

More than 400 cases of aHCD have been
reported in the literature, making this disorder
the most common of all the heavy chain dis-
eases. aHCD occurs primarily in the Middle
East and Mediterranean regions and is very
rare elsewhere.

• Age
Most patients present in the second or third
decades.

• Sex
Men and women are affected, with a slight
male predominance.

• Site
aHCD typically involves the duodenum and
jejunum. Rarely, aHCD has been reported at
other sites including the lung. Systemic
adenopathy is uncommon, but has been
reported in advanced disease.

• Clinical presentation
Most cases present with involvement of the
small intestine, leading to malabsorption char-
acterized by diarrhea and weight loss. An
abdominal mass is common in late-stage dis-
ease. Other signs and symptoms include low-
grade fever, vomiting, and anemia.

Patients are typically from lower socioeco-
nomic status, suggesting an infectious origin
associated with poor hygiene. Early-stage dis-
ease has been reported to be responsive to treat-
ment with antibiotics, providing further evidence
of an underlying infection. Using PCR and
sequencing studies of bacterial ribosomal
DNA, investigators have shown the presence of
Campylobacter jejuni in the majority of tested
cases (Lecuit et al. 2004). More recently, Cam-
pylobacter coli has been isolated from the stool
of a patient with aHCD. Together these findings
suggest the Campylobacter infection may play
a role in stimulating lymphomagenesis, analo-
gous to the role of Helicobacter pylori in gastric
MALT lymphoma.

Heavy Chain Diseases, Fig. 1 The structure of the
immunoglobulin protein. In the heavy chain diseases,
there is a deletion of the CH1 domain, which includes the
immunoglobulin light chain binding site. Portions of the
variable region may also be included in the deletion
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• Treatment
There is no established standard for aHCD
therapy. In light of reports of Campylobacter
infection, empiric antibiotic therapy for at least
a 6-month period is recommended. In patients
who fail antibiotic therapy, multiagent chemo-
therapy may be employed.

• Outcome
In the absence of therapy, aHCD generally
shows a slowly progressive course with even-
tual systemic involvement. Death may be sec-
ondary to malnutrition and cachexia or, in
patients with larger mass lesions and ulcera-
tion, small bowel perforation or obstruction.
Response to antibiotic therapy has been
reported in 33–71% of patients with early-
stage disease. Survival is reported to be poor
in patients with dominant lymphomatous
masses that often correspond to histologic pro-
gression to large cell lymphoma.

Macroscopy
On endoscopy, the small intestinal mucosa
may show abnormal thickening, nodular
lesions, erosions, or ulcerations. Dominant
mass lesions may be seen in some cases, espe-
cially those with progression to diffuse large
B-cell lymphoma.

Microscopy
The histologic features in aHCD have historically
been described in three stages. The most common
pattern, known as Stage A, resembles typical
extranodal MALT lymphoma with plasmacytic
differentiation (Fig. 2). There is an infiltrate of
numerous plasma cells admixed with variable
numbers of small lymphocytes that fill the lamina
propria (and may be transmural). The small lym-
phocytes when present resemble marginal zone
B cells, and lymphoepithelial lesions may be pre-
sent. In Stage B, the lymphoplasmacytic infiltrate
contains variable numbers of large lymphocytes.
While details of this pattern are somewhat unclear,
such cases may be considered to represent extra-
nodal MALT lymphomas with increased numbers
of scattered large cells. Stage C disease contains
sheets of large cells with immunoblastic features,
consistent with an immunoblastic diffuse large
B-cell lymphoma.

Historically, these three histologic stages were
interpreted as representing progression from
a “benign” lymphoplasmacytic infiltrate to an
overt malignant lymphoma. Today, these stages
are accepted to represent a form of extranodal
MALT lymphoma that may show variable num-
bers of large cells and can progress to an overt
diffuse large B-cell lymphoma.

Heavy Chain Diseases, Fig. 2 Alpha heavy chain dis-
ease. At low power (panel A, 100�H&E), the small bowel
mucosa contains a dense infiltrate of small lymphocytes
and plasma cells surrounding residual, colonized germinal

centers. At higher power (panel B, 400� H&E),
lymphoepithelial lesions are present (Photographs cour-
tesy of Dr. Peter Isaacson)
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Immunophenotype
The small lymphocytes of aHCD, which may be
a very minor component of the infiltrates, mark
with pan B-cell antigens and are negative for
CD5, CD10, and cyclin D1. The plasma cells are
positive for CD138 and IgA heavy chain, but lack
staining for kappa and lambda light chains.

Differential Diagnosis
The diagnosis of aHCD is based on a combination
of clinical, laboratory, and histologic features. The
typical clinical presentation of a young patient
with malabsorption from lower socioeconomic
status in the Middle East or Mediterranean should
raise a high degree of suspicion for aHCD
and prompt protein electrophoresis and
immunofixation studies to assess for an abnormal
IgA heavy chain protein. In the rare cases that
present in the Western Europe or North America,
the findings may be easily diagnosed as an
otherwise typical extranodal MALT lymphoma
unless protein electrophoresis studies or immuno-
histochemical staining for immunoglobulin heavy
and light chains is performed. There are no spe-
cific molecular or cytogenetic abnormalities in
aHCD.

The differential diagnosis includes other
small B-cell neoplasms that may present in the
intestines. Primary follicular lymphoma (FL) of
the duodenum is characterized by a remarkably
indolent clinical course. Histologically, duode-
nal FL shows a nodular infiltrate with an
interfollicular proliferation of small lympho-
cytes with irregular to cleaved nuclear contours
that may infiltrate and distend villi. The neoplas-
tic cells of FL are positive for CD10, BCL6, and
BCL2, and the IGH/BCL2 fusion protein is
nearly always present. Mantle cell lymphoma
(MCL) often involves the intestines and in
some cases presents with disease limited to the
intestines where there are numerous polypoid
lesions throughout small and large bowel (mul-
tiple lymphomatous polyposis). MCL is com-
posed of a usually diffuse infiltrate of small
lymphocytes with round to irregular nuclear
contours, sometimes with admixed germinal
centers. Phenotypically, MCL is positive for
CD5 and cyclin D1.

Gamma Heavy Chain Disease

Synonyms
Franklin disease

Definition
Gamma heavy chain disease is defined as
a lymphoma with plasmacytic differentiation that
secretes an abnormally truncated IgG heavy
chain. The abnormal heavy chain is incapable of
binding to light chains due to absence of light
chain binding sites (Wahner-Roedler and Kyle
2005; Bieliauskas et al. 2012).

Clinical Features
• Incidence

gHCD is rare, with approximately 150 cases
reported in the literature to date. The condition
is likely underdiagnosed, however, because
cases are morphologically heterogeneous and
the diagnosis is established only by electropho-
resis and immunofixation studies of serum and/
or urine which may not be performed in the
routine workup of all B-cell neoplasms.

• Age
gHCD is a disease of adults, with a median age
in the 6th or 7th decade. Recent series have
reported a broad age range from the 40s
through 80s.

• Sex
Men and women may be effected, although
recent series of gHCD have shown a marked
female predominance.

• Site
Patients with gHCD may present with
adenopathy, splenomegaly, hepatomegaly, or
extranodal disease. Bone marrow involvement
is common (reported in 30–60% of cases), and
some patients may present with disease
restricted to the bone marrow.

• Clinical presentation
The clinical features of HCD are heteroge-
neous (Wahner-Roedler et al. 2003;
Bieliauskas et al. 2012). Most patients present
with overt lymphomatous disease character-
ized by adenopathy and/or organomegaly.
Recent series have shown a frequent associa-
tion with autoimmune disease, including
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systemic lupus erythematosus, Sjogren’s syn-
drome, rheumatoid arthritis, and autoimmune
thyroiditis as well as other immune-mediate
conditions. The diagnosis of an autoimmune
disorder may precede the diagnosis of
lymphoma.

In some cases, the patient may have no
clinically overt lymphoma, with a clinical
course characterized primarily by autoimmune
disease with accompanying serologic evidence
of the abnormal heavy chain. Upon routine
protein electrophoresis, a typical monoclonal
spike pattern may not be identified due to the
abnormal truncation of the protein, which often
forms a broad band in the beta globulin region.
Immunofixation studies are required to confirm
that this broad, abnormal peak represents
gamma heavy chain that lacks associated light
chains.

Other manifestations at diagnosis fre-
quently include cytopenias which may be
immune mediated, such as Coombs-positive
hemolytic anemias. Concurrent large granular
lymphocyte disorders have been described in
a subset of cases.

• Treatment
Because gHCD is both rare and clinically het-
erogeneous, there is no standard therapeutic
regimen. Patients have been variously treated
with monoclonal antibodies, combination che-
motherapy methods, proteasome inhibitors,
and other novel agents such as immunomodu-
latory drugs and small molecule inhibitors of
the B-cell receptor signaling pathway. Some
patients have clinically indolent disease with
long-term (>10 years) survival even in the
absence of any specific therapy.

• Outcome
Survival in gHCD is variable. Some patients
manifest relatively indolent disease and show
long-term responses to monotherapy with
monoclonal antibodies or proteasome inhibi-
tors. Other patients have rapidly progressive
disease that may be refractory even to combi-
nation chemotherapy protocols, with fatal
courses reported within less than two years
after diagnosis. No clinical or histologic fea-
tures are known to reliably predict outcome.

Macroscopy
There are no specific macroscopic features asso-
ciated with gHCD.

Microscopy
In the older literature, gHCD has been largely
described as a variant of lymphoplasmacytic lym-
phoma (LPL). More recent studies, however, have
shown that gHCD rarely resembles typical exam-
ples of nodal or bone marrow-based LPL.
A recent study of 13 patients identified two histo-
logic groups of cases, as described below.

The first group of cases is characterized by
a polymorphous proliferation of small lympho-
cytes, plasmacytoid lymphocytes, plasma cells,
and variable numbers of large transformed cells
(Fig. 3). These cases frequently show numerous
epithelioid histiocytes. The lymph node architec-
ture is effaced, unlike classic examples of nodal
LPL which show preservation of lymph node
sinuses. Occasional cases have consisted primar-
ily of plasma cells, resulting in a plasmacytoma-
like appearance. While cases with this polymor-
phous lymphoplasmacytic pattern have been
accepted as part of the spectrum of LPL in the
past, gHCD has recently been shown to lack the
MYD88 L265P mutation associated with the vast
majority of LPL. This finding emphasizes that
these cases should no longer be classified as LPL.

Heavy Chain Diseases, Fig. 3 Gamma heavy chain dis-
ease. This case of gHCD shows diffuse architectural
effacement by a polymorphous proliferation of small lym-
phocytes, plasmacytoid cells, and plasma cells with
admixed scattered large cells and histiocytes (H&E, 400�)
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The second group of gHCD cases are those
with features that are typical for a well-defined
lymphoproliferative disorder, such as extranodal
marginal zone lymphoma or splenic marginal
zone lymphoma. The discovery that gHCD can
be associated with multiple types of histologically
distinct lymphomas may explain, at least in part,
the observed biologic heterogeneity in this
disease.

Immunophenotype
The B cells in gHCD lack expression of CD5 and
CD10. By flow cytometry, surface immunoglobulin
light chain expression is not detected. The
plasmacytic component, which is variable, is usu-
ally but not always positive for CD138. In most
cases, the CD138-positive plasma cells show
expression of the IgG heavy chain but absence of
staining for kappa or lambda light chains. The dis-
covery of a prominent plasmacytic component
lacking immunoglobulin light chain staining is an
important clue to the correct diagnosis, and this
finding should prompt performance of heavy chain
stains as well as protein electrophoresis and
immunofixation studies of the serum or urine. Nota-
bly, however, some cases may show immunoglob-
ulin light chains within the plasma cell cytoplasm
by immunohistochemistry or in situ hybridization
stains. The finding of light chain expression there-
fore does not completely exclude a diagnosis of
gHCD, and such cases are easily misdiagnosed
unless serologic studies are performed.

Differential Diagnosis
The differential diagnosis of gHCD includes
essentially all small B-cell neoplasms that may
show plasmacytic differentiation, especially LPL
and marginal zone lymphoma. Prototypical cases
of LPL are relatively monotonous with
a predominance of small lymphocytes,
plasmacytoid lymphocytes, and a usually minor
component of mature plasma cells. The prominent
histiocytic proliferation noted in many cases of
gHCD is generally absent. LPL characteristically
shows preservation of lymph node sinuses, while
the nodal architecture in gHCD is completely
effaced. Phenotypically, most cases of LPL pro-
duce IgM heavy chains, but IgG- and IgA-positive

LPLs also exist. The B cells in LPL and gHCD
share a CD5-negative, CD10-negative phenotype.
MYD88 L265P mutation studies may be helpful in
differential diagnosis, as these are present in the
great majority of cases of IgM-positive LPL and at
least some reported IgG or IgA expressing cases,
while gHCD lacks MYD88 L265P.

The differential diagnosis with marginal zone
lymphoma is particularly challenging. Indeed,
some cases of gHCD are typical histologic exam-
ples of splenic marginal zone lymphoma or extra-
nodal MALT lymphoma. In these cases, the
correct diagnosis is confirmed by protein electro-
phoresis and immunofixation. To facilitate diag-
nosis, the extent of CD138 expression should be
carefully compared to the number of light chain-
positive plasma cells. The finding of a large pop-
ulation of plasma cells lacking kappa and lambda
light chain staining raises the possibility of heavy
chain disease.

Mu Heavy Chain Disease

Definition
Mu heavy chain disease (mHCD) is defined as
a B-cell neoplasm with plasmacytic differentia-
tion that secretes an abnormal mu heavy chain
lacking immunoglobulin light chain binding sites
(Wahner-Roedler and Kyle 2005; Wahner-
Roedler and Kyle 1992).

Clinical Features
• Incidence

mHCD is an extremely rare disorder, with<50
cases reported in the literature.

• Age
mHCD appears to be a disease of adults, with
a median reported age of approximately
60 years.

• Sex
mHCD is reported to affect both men and
women.

• Site
Most commonly, mHCD has been reported to
involve the bone marrow, liver, and spleen.
There may be involvement of peripheral
lymph nodes or, more rarely, extranodal sites.
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• Clinical presentation
It is difficult to draw conclusions about
a typical clinical presentation in mHCD in
light of the rarity of this disorder (Wahner-
Roedler and Kyle 1992; Wahner-Roedler and
Kyle 2005). By definition, all cases show an
abnormal mu heavy chain protein without
accompanying light chains in the serum.
Approximately half of cases are reported to
have Bence-Jones light chains in the urine.
In contrast to gHCD, mHCD does not appear
to be associated with autoimmune disorders.
The peripheral blood typically shows ane-
mia, and thrombocytopenia may also be
present.

Some mHCD patients lack an overt
lymphoproliferative disorder, and these
cases may therefore be considered to repre-
sent a form of monoclonal gammopathy of
undetermined significance. Most patients
have a slowly progressive lymphoplasma-
cytic neoplasm that usually involves the
bone marrow and may be associated with
splenomegaly or hepatomegaly. Involvement
of peripheral lymph nodes occurs in a subset
of patients, and extranodal disease, including
breast and central nervous system, has been
reported in rare cases. Lytic bone lesions
have been reported in a minority of cases,
as has amyloidosis.

• Treatment
In the limited published literature, most
patients have been treated with chemotherapy,
including single agents fludarabine or cyclo-
phosphamide, or with multiagent chemother-
apy regimen. There is no established standard
of therapy.

• Outcome
The clinical course in mHCD varies with the
underlying lymphoproliferative disorder.
Most cases are reported to be slowly pro-
gressive over time. Survival has been
reported anywhere from a few weeks to
over a decade.

Macroscopy
There are no distinctive macroscopic features of
mHCD.

Microscopy
Relatively few details of the morphologic find-
ings in mHCD have been reported, and these
consist primarily of single case reports. The
most commonly reported bone marrow find-
ings are increased small lymphocytes that
may resemble chronic lymphocytic leukemia
and plasma cells that are often vacuolated.
Some cases may have a peripheral blood lym-
phocytosis. Many of the cases of mHCD have
been reported as variants of CLL; however,
a variety of other morphologic patterns have
also been described. Some cases have been
reported to be more similar to
lymphoplasmacytic lymphoma/Waldenstrom’s
macroglobulinemia, while other cases of
mHCD are associated with diffuse large B-
cell lymphomas (Fig. 4). Still others are
reported to consist predominantly of mature
atypical plasma cells, morphologically compat-
ible with plasma cell myeloma. In light of this
heterogeneity, the diagnosis of mHCD is cur-
rently based on the serologic findings rather
than on the morphologic features of the asso-
ciated lymphoproliferative disorder.

Heavy Chain Diseases, Fig. 4 Mu heavy chain disease.
The case shows a diffuse and vaguely nodular proliferation
of small lymphocytes with scant to moderate pale cyto-
plasm admixed with plasmacytoid cells and histiocytes
(H&E, 400�). This case showed lambda light chain
restriction by immunohistochemistry, but protein electro-
phoresis and immunofixation studies showed an IgM
heavy chain without matching light chains in the serum
and free lambda light chains in the serum
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Immunophenotype
The reported literature contains very few
details of the immunophenotype in mHCD.
The B cells are usually reported to be negative
for CD5. There is positivity for IgM heavy
chain. Some cases may show detectable mono-
typic light chains by immunohistochemistry
despite the lack of light chain by serum elec-
trophoresis and immunofixation, while other
cases are negative for kappa and lambda light
chains.

Differential Diagnosis
mHCD is rare and may be seen in association with
a variety of lymphoproliferative disorders, pro-
ducing a very difficult differential diagnosis.
Most cases are reported to resemble either CLL/
SLL or lymphoplasmacytic lymphoma, while
others may resemble diffuse large B-cell lym-
phoma or plasmacytic neoplasms. In light of this
morphologic heterogeneity, the possibility
of mHCD could be considered in essentially any
B-cell neoplasm with evidence of plasmacytic
differentiation, and reaching the correct diagnosis
requires correlation with serum protein and
immunofixation studies.
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Hemophagocytic Syndrome

J. H. J. M. van Krieken
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Nijmegen, The Netherlands

Synonyms

Hemophagocytic lymphohistiocytosis; Macro-
phage activation syndrome (MAS, in case of
association with a rheumatic disease);
Malignancy-associated hemophagocytic syn-
drome (MAHS)

Definition

Hemophagocytic syndrome is a life-threatening
condition in which activation of T-lymphocytes
and macrophages results in a hyper-
inflammatory state and pancytopenia with char-
acteristic phagocytosis of hematopoietic cells.
There are primary or familial forms, due to
mutations in, among others, the perforin gene,
familial hemophagocytosis (more often referred
to as familial hemophagocytic syndrome), and
secondary forms associated with a variety of
infections, immune diseases, or neoplasms.

Clinical Features

• Incidence
Hemophagocytic syndrome is a very rare dis-
ease, approximately 1.2 per million, but may
go unrecognized due to its rapid progression
and similarities with sepsis.

• Age
Familial forms present most often in infants
in the first year of life, but also in children
that are older; rare cases that present up to
the fifth decade of life have been described.
Secondary hemophagocytic syndrome can
occur at any age.
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• Sex
There is no preference; males and females are
affected equally.

• Site
The syndrome affects the entire body, but
pathologists encounter lesions normally at
bone marrow investigation. At autopsy the
spleen is highly involved. Because the syn-
drome is associated with different diseases,
the clinical information and request to the
pathologist can be highly variable, including
infections, malignancies, especially lympho-
mas, and more general pancytopenia. It is
therefore the task of the pathologist to keep
hemophagocytic syndrome in mind and always
look for an increase in macrophages and
hemophagocytosis.

• Signs and Symptoms
Hemophagocytic syndrome is a nonneoplastic
proliferation of macrophages that phagocytose
blood cells, especially erythrocytes, and their
precursors. The syndrome results from
dysregulation of macrophages due to a variety
of causes. Key is the altered function of natural
killer cells and cytotoxic T-cells with accom-
panying dysregulated response to antigen-
presenting cells. The clinical manifestation is
an acute, severe illness with fever and pancy-
topenia and can be difficult to recognize. The
pathologist can encounter the phenomenon
upon bone marrow evaluation by the many
macrophages that engulf erythrocytes and its
progenitors, but this is not always easy to rec-
ognize. Because both for clinician and for the
pathologist the diagnosis is rare and can be
unexpected, it may be missed. In some
instances, the diagnosis is only made at
autopsy, and widespread hemophagocytosis is
seen, especially in the spleen.

In secondary forms the most common
underlying disease is Epstein-Barr virus infec-
tion, sometimes together with an aggressive
EBV-positive T-cell lymphoma.

• Treatment
Treatment in familiarly hemophagocytic syn-
drome is first anti-inflammatory measures, but
cure can only be achieved by bone marrow

transplantation. For secondary forms the
treatment is oriented toward the underlying
disease.

• Outcome
The outcome is variable, due to the fact that
hemophagocytic syndrome occurs in very dif-
ferent settings, but the presentation is often
very severe with many fatal cases.

Macroscopy

At autopsy, the spleen is moderately enlarged and
often looks hemorrhagic, but the features are
non-specific.

Microscopy

The key feature is a general proliferation of
macrophages in the lymphoreticular organs to
such an extent that in the past this disease was
considered malignant. The macrophages are
engulfed with predominantly erythrocytes, but
also phagocytosis of lymphocytes and
granulocytes occurs. The bone marrow is often
hypocellular, since the pancytopenia is not only
due to the phagocytosis but also due to bone
marrow suppression due to the cytokine storm
associated with the disease. The amount of
hemophagocytosis varies, however, between
patients and during the course of the disease.

Immunophenotype

Phenotyping with CD68 can be helpful to rec-
ognize macrophages, especially when they are
full of erythrocytes. Furthermore, in cases that
are associated with a T-cell lymphoma, one
needs to perform immunohistochemistry to
characterize the neoplastic cells. Since
Epstein-Barr virus infection is relatively often
the cause, EBER staining is valuable. In con-
trast to regular Epstein-Barr virus infections, in
patients with hemophagocytic syndrome not
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only B-lymphocytes but also T-cell are positive
with EBER staining.

Molecular Features

Familial hemophagocytosis is an autosomal reces-
sive hereditary disease, caused by a mutation in
one of at least eight genes that are involved in the
cytotoxic process, including perforin. The inci-
dence of specific mutations varies between
populations.

Differential Diagnosis

The differential diagnosis of hemophagocytosis is
large, since it is not a specific finding. It can be
seen in sepsis and other reasons for massive cyto-
kine release. Clinicopathologic correlation is
therefore very important.
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U955, Hôpital Henri Mondor, Créteil, France

Synonyms

REAL: hepatosplenic gd T-cell lymphoma

Definition

Hepatosplenic T-cell lymphoma (HSTL) is an
aggressive subtype of extranodal lymphoma char-
acterized by a clinical presentation with spleno-
megaly commonly associated with hepatomegaly
but without lymphadenopathy and a poor out-
come. The neoplasm results from a proliferation
of cytotoxic T-cells most often expressing the gd
T-cell receptor (TCR), or less often the ab TCR. It
is usually composed of monomorphic medium-
sized lymphoid cells, with marked sinusoidal
infiltration of spleen, liver, and bone marrow. It
is associated with a recurrent isochromosome 7q
cytogenetic abnormality, has a distinct molecular
signature, and displays frequent mutations in
genes of the JAK-STAT pathway (especially
STAT5B) and in the SETD2 gene, encoding a
histone methyltransferase.

Up to 20% of HSTL arise in the setting of
chronic immune suppression, most commonly
long term immunosuppressive therapy for solid
organ transplantation or inflammatory bowel
disease (IBD), or prolonged antigenic stimula-
tion. In the context of organ transplantation,
HSTL is regarded as a late-onset post-
transplantation lymphoproliferative disorder of
host origin. A number of HSTL cases have
been reported in patients, especially children,
who received azathioprine and/or anti-TNF-a
antibodies (Infliximab) for IBD, especially
Crohn’s disease, more rarely in patients with
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psoriasis or rheumatoid arthritis receiving
TNF-a inhibitors and immunomodulators. The
role of TNF-a inhibitors in the pathogenesis of
HSTL in the context of dysimmune conditions is
controversial as most patients with IBD are
treated with azathioprine and antibodies against
TNF-a. Infliximab has been shown to increase
the expansion of gd T cells seen in Crohn’s
disease, with restricted oligoclonal pattern. On
the contrary, a recent study of HSTL arising in
patients with immunodysregulatory disorders
showed that TNF-a inhibitors are not mandatory
in these patients. Occasional cases have also
been observed following acute myeloid
leukemia or Epstein-Barr virus (EBV)-positive
lymphoproliferative disorders, in patients with
falciparum malaria, or during pregnancy. From
these observations and in view of the functional
properties of normal gd T cells, it has been
postulated that chronic antigen stimulation in
the setting of an underlying immune defect
might play a role in the pathogenesis of HSTL.
As an example, expansion of gd T cells is
observed in the peripheral blood of renal allo-
graft recipients and in vitro studies have shown
that human gd T cells display an alloreactive
response to various leukocyte antigen
molecules.

To date, no viral association has been reported
neither with HTLV1 1 or 2, nor HIV, human
herpesvirus, or hepatitis C virus. One case has
been reported in a patient positive for human
herpesvirus, another in a patient with parvoviral
infection. EBV is almost constantly negative in
the tumor cells, with the exception of rare cases
with cytologic features of transformation.

The postulated normal counterpart are periph-
eral gd (or less commonly ab) cytotoxic T cells of
the innate immune system, recirculating between
spleen, bone marrow, and liver. In agreement with
the predominant Vd1 usage of normal gd T cells
that reside in the spleen, most gdHSTLs originate
from the Vd1 subset. In agreement with a deriva-
tion from cells of the innate immune system,
HSTL cells disclose cytolytic properties, includ-
ing the presence of granzyme M and the expres-
sion of KIR molecules. Because KIR expression
is induced by chronic antigenic stimulation, the

expression of multiple KIR isoforms may be
indicative of such a process in HSTL.

Clinical Features

• Incidence
HSTL is a rare lymphoma subtype, reported in
bothWestern and Asian countries. It represents
less than 1% of all nonhodgkin lymphoma and
1–2% of all peripheral T-cell lymphomas. Its
incidence might be underestimated, however,
because the disease may mimic other condi-
tions, and the diagnosis is sometimes difficult
to establish.

• Age
Peak incidence occurs in adolescents and
young adults, with a median age around
35 years. However, HSTL is not restricted to
these populations and can also occur in older
adults.

• Sex
HSTL shows a male predominance but can be
seen in females.

• Site
Patients present with marked splenomegaly,
usually with hepatomegaly, but with no lymph-
adenopathy. When investigated carefully with
phenotypic investigation, bone marrow is
almost constantly involved.

• Treatment
There is no consensus standard of care for
HSTL patients. Patients may respond initially
to chemotherapy, but relapses are seen in the
vast majority of cases. The median survival is
<2 years. Anthracyclin-containing regimen
resulted in poor survival and most long survi-
vors received an induction treatment based on
platinum-cytarabine or platinum/ifosfamide/
etoposide regimen which should therefore be
preferred. This led to recommend avoiding
CHOP-like therapy and to favor DHAP or
ICE-like chemotherapies in HSTL patients.
Several studies support the frontline use of
hematopoietic stem cell transplantation
(HSCT), whenever possible. The benefit of
allogenic HSCT compared to auto HSCT has
been highlighted with most HSTL patients
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relapsing and subsequently dying after auto-
HSCT, whereas a 3-year progression free sur-
vival of 48% has been reported after alloHSCT
indicating that graft-versus-lymphoma activity
can result in prolonged survival in a proportion
of patients with HSTL. The outcome of
relapsed/refractory patients is extremely poor.
Pentostatin showed some efficacy.

• Outcome
The course is highly aggressive, with very few
long-term survivors. In a large population-based
analysis, HSTL was one of the highest risk
PTCL subtype. An indolent phase prior to a
more aggressive disease has been reported in
rare patients. Most patients (60–70%) respond
to a first-line treatment consisting of a CHOP-
like regimen. However, these patients experience
early relapses.

The median survival is <2 years with one study
where it reaches 28 months. In this single-
institution study, elevated bilirubin level, ab
TCR expression, and trisomy 8 each correlated
with shorter survival.

Macroscopy

The spleen is commonly massively enlarged
(weighing up to 3500 g), with a homogeneous
pattern and no gross lesions identifiable. The
cut surface is homogeneous red-purple.
Hepatomegaly without nodules is seen in more
than half of patients at presentation. Hilar lymph
nodes are not enlarged.

Microscopy

The diagnosis of HSTL is based on histopatho-
logic, phenotypic, and genetic findings. In the
past, the diagnosis was often made by examination
of the spleen or liver biopsy, obtained at the time of
splenectomy. Because the histologic features in the
bone marrow are highly characteristic, bone mar-
row biopsy is now the recommended diagnostic
strategy, together with marrow smears examination
and flow cytometry on bone marrow cell

suspensions which allows for the determination of
a phenotypic profile including the confirmation of
the gd chain expression in most instances and for
performing cytogenetic studies. Immunohisto-
chemistry is essential to identify the preferential
location of the neoplastic cells in the sinusoids of
the liver, cords and sinuses of the splenic red pulp,
and sinuses of the bone marrow.

The neoplastic cells of HSTL are typically
monotonous, with medium-sized nuclei and a
rim of pale agranular cytoplasm. The
nuclear chromatin is loosely condensed with
small nucleoli. Mitotic figures are rare.
Occasionally, lymphoma cells can show
pleomorphism. Neoplastic cells in HSTL involve
the cords and sinuses of the splenic red pulp with
atrophy of the white pulp (Figs. 1 and 2).
Although usually not significantly enlarged, hilar
lymph nodes commonly show some involvement
confined to the sinuses or perisinusal areas, with-
out destruction of the normal lymph node archi-
tecture. In the liver, the infiltrate is predominantly
sinusoidal. Pseudopeliotic lesions may be present.
A mild portal and periportal lymphomatous infil-
trate may be observed, but it is not conspicuous.

Although initially reported in about two thirds
of patients, bone marrow involvement is almost
constant when trephine biopsies are carefully
investigated by combined histologic and immu-
nohistochemical studies. Neoplastic cells dis-
close a predominantly intrasinusal distribution,
forming Indian files or aggregates within more
or less dilated sinuses, a feature which is
characteristic, if not specific for HSTL and thus
a useful diagnostic criterion. The marrow
lymphoma infiltration is discrete, often subtle,
and may be difficult to identify without the aid
of immunohistochemistry or flow cytometry
(Fig. 3). Besides, the bone marrow biopsy
specimens are usually hypercellular, with tri-
lineage hyperplasia, and may be misdiagnosed
as myelodysplastic or myeloproliferative syn-
drome. On aspirate smears, neoplastic cells
have sometimes been described as blast-like
cells or may show hairy cell projections.
Examination of bone marrow aspirates by flow
cytometry enables the characterization of the gd
origin of the neoplastic cells in most cases.
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Hepatosplenic T-Cell Lymphoma, Fig. 1 Histopathol-
ogy of the spleen in HSTL: (a) there is an expansion of the
splenic red pulp with atrophy of the white pulp; (b, c)

neoplastic cells with medium-sized nuclei with regular con-
tours and loosely condensed chromatin infiltrate the cords and
sinuses of the red pulp. Note that some sinuses are dilated

Hepatosplenic T-Cell Lymphoma, Fig. 2 Histopathol-
ogy of the spleen in HSTL: in another example of HSTL,
the cytological features of the neoplastic cells in HSTL and

their distribution in the cords and sinuses of the spleen are
highlighted (a and b)
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Cytologic atypia with large cell or blastic
changes may be seen, especially with
disease progression (Fig. 4). During late stages
of the disease, the bone marrow involvement
may become more extensive, diffuse, and
interstitial, with expansion beyond the sinuses.
Rare cases show features of hemophagocytosis
at presentation or during the course of the
disease.

Immunophenotype

As illustrated in Figs. 3 and 5, the neoplastic cells
are CD3+, CD2+, CD5–, CD7+/�, and CD4–/
CD8– or, more rarely, CD4–/CD8+. Most cases
express CD56 but are CD57–. They may express
CD16. They are usually TCRgd+, TCRab-. The

determination of the ab or gd phenotype is nowa-
days possible in routinely fixed, paraffin-embedded
(FFPE) tissues. Most gd HSTL express the Vd1
chain. Around 20% of cases are of ab type. On the
basis of similar clinico-pathologic and cytogenetic
features, as well as similar molecular signature and
genetic landscape, they are considered a variant of
the more common gd form of the disease. The cells
express the cytotoxic granule-associated mole-
cules, TIA-1 and granzyme M, but are usually
negative for granzyme B and perforin, though this
has been reported in some cases especially with
blastic changes. HSTL is negative for CD25 and
CD30 activation antigens. They often show aber-
rant coincident expression of multiple killer
immunoglobulin-like receptors (KIR) isoforms
along with dim or absent CD94. This contrasts
with T-LGLL where the cells have a more mature

Hepatosplenic T-Cell Lymphoma, Fig. 3 Histopathol-
ogy of bone marrow trephine in HSTL: In a hypercellular
bone marrow (a), there is a subtle sinusal infiltrate by
neoplastic lymphoid cells (b, arrow). This marrow sinusal

infiltrate is highlighted with immunohistochemistry reveal-
ing that neoplastic cells are T cells with a CD3+ (c), CD5-
(d), TCRb(bF1)- (e) phenotype
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lymphocytic appearance, have a CD8+, often
CD57+ phenotype with granzyme B expression,
and disclose a subtle, diffuse interstitial infiltrate
in the marrow, with minimal (not prominent) infil-
tration of sinuses.

Molecular Features

T-Cell Clonality
Irrespective of their gd and ab phenotype,
HSTL cells have rearranged TCR g genes.
Cases of gd origin show a biallelic rearrange-
ment of TCR d genes. TCR b genes are
rearranged in ab cases; however, unproductive
rearrangement of TCR b genes have been
reported in some gd cases.

Cytogenetic Studies
In conventional cytogenetic and fluorescence in
situ hybridization studies, 50–80% of HSTL dis-
close an isochromosome 7q, and with disease
progression two to five copies of i(7)(q10) may
be seen as well as numerical and structural

aberrations of the second chromosome 7,
suggesting that iso7q aberration can multiply
overtime. Ring chromosome leading to 7q ampli-
fication has also been reported. The biological
consequence of this aberration is not deciphered.
However, common gained region which has been
mapped at 7q22 associates with increased expres-
sion of several genes including the multidrug
resistance gene ABCB1. In addition, it is occasion-
ally the sole karyotypic abnormality, suggesting
that it plays a primary role in disease pathogene-
sis. In addition, trisomy 8 and loss of chromosome
Y may also be present.

Gene Expression Profiling Studies and
Sequencing Studies
Recent gene expression profiling (GEP) studies
have shown that HSTL discloses a distinct
molecular signature unifying gd and ab cases.
In addition, GEP studies have shown a
high expression of the sphingosine-1-
phosphatase receptor 5 involved in cell traffick-
ing which might explain the peculiar sinusal/
sinusoidal distribution of HSTL cells without

Hepatosplenic T-Cell Lymphoma, Fig. 4 In this case, HSTL cells in the bone marrow show a more pleomorphic
appearance with large cells infiltrating the sinuses (a, arrow) as highlighted by immunohistochemistry with CD3 (b)
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significant leukemic phase in most HSTL.
SYK overexpression was also demonstrated
with sensitivity of HSTL cell lines to a Syk
inhibitor offering rationale for exploring
Syk inhibitors as new therapeutic options.
Recently, the genetic landscape of HSTL has
been reported to be distinct from that of
other T-cell lymphomas. It is characterized in
particular by recurrent mutations in chromatin
modifying genes (SETD2, INO80, ARIDA1) in
around 60% of cases, with the histone
methyltransferase SETD2 gene (mutated in
25% cases) showing a predominantly silencing
phenotype and likely acting as a tumor suppres-
sor gene in the disease. A novel role for SETD2
in T-cell lymphomagenesis has also been postu-
lated as an expansion of gd T cells was observed
in a SETD2 KO mouse model. Besides, STAT5B
and more rarely STAT3 missense mutations have

been found in around 40% of HSTL, consistent
with the significant enrichment in genes of the
JAK-STAT pathway. Although the functional
consequences of these oncogenic mutations are
not fully understood in this disease, they are
likely to be important in the pathogenesis of
this aggressive entity and may suggest a thera-
peutic approach with novel STAT inhibitors.
Mutations in PIK3CD, although les frequent,
may also be actionable. Recently, the DNA
methylation profile of HSTL has also been
compared to that of normal ab- and gdT-cells.
It shows epigenetic changes in HSTL with
hypermethylation of CpGs of several genes
(BCL11B, CD5, CXCR6, GIMAP7, LTA,
SEPT9, UBAC2, UXS1) with some of them
such as CD5 and CXFR6 which associate with
lack of expression by HSTL cells by
immunohistochemistry.

Hepatosplenic T-Cell Lymphoma, Fig. 5 Immunohis-
tochemistry of HSTL in the spleen: (a) CD20 lymphocytes
are almost restricted to the white pulp, whereas the lym-
phoid infiltrate in the red pulp is CD3+ (b), CD5- (c), and

CD56+ (d); the neoplastic cells are negative for CD4 (e)
and CD8 (f) and have a nonactivated TIA1+ (g) but
Granzyme B- (h) phenotype
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Epstein-Barr Virus Studies
By in situ hybridization with EBER probes, an
association with EBV has been found in rare
HSTL cases with cytologic features of transfor-
mation, suggesting that EBV might be considered
a secondary event.

Differential Diagnosis

The differential diagnosis includes other lym-
phoma entities that commonly present with
hepatosplenic disease and infiltrate the splenic
red pulp and the bone marrow. These are mainly
T- or NK-cell neoplasms, such as T-cell large
granular lymphocytic leukemia and aggressive
NK-cell lymphoma/leukemia. Phenotypic studies
can easily rule out the differential diagnosis with
B-cell neoplasms, such as hairy cell leukemia and
splenic marginal zone lymphoma which may
share some clinical or pathological features. As
mentioned above, the common marrow hyperpla-
sia may be misleading for myelodysplastic or
myeloproliferative syndrome.

T-Cell Large Granular Lymphocytic Leukemia
T-cell large granular lymphocytic leukemia
(T-LGLL) may represent the major differential
diagnosis with HSTL, especially in borderline
cases with a more aggressive presentation and
with significant sinusal infiltration in the bone mar-
row. Typically, T-LGLL discloses distinctive clini-
cal and laboratory manifestations with a chronic,
indolent lymphoproliferative disorder. Indeed,
most patients are asymptomatic or have symptoms
related to variably severe neutropenia, anemia, or
thrombocytopenia or to autoimmune disorders. In
contrast to HSTL, T-LGLL is characterized by a
leukemic picture which is critical for the diagnosis
based on the examination of cytological smears
and flow cytometric analysis: T-LGLL discloses a
mild to moderate elevated clonal expansion of
cytolytic lymphocytes with azurophilic granules,
which have a CD3+, CD8+, CD57+, TCRab+
phenotype. T-LGLL displays frequent STAT3
mutations. Histopathology is rarely required for
diagnosis. T-LGLL may show some overlapping
features with HSTL in terms of the pattern of

distribution of the neoplastic cells within the
splenic red pulp and sinusoids of the liver and
phenotype, especially in T-LGLL of gd T-cell phe-
notype. However, the cells have a more mature
lymphocytic appearance, with condensed chroma-
tin, and a CD8+, often CD57+ phenotype with
granzyme B expression. In the bone marrow
biopsy, T-LGLL demonstrates a subtle, diffuse
interstitial infiltrate blending with hematopoietic
cells, which show minimal – not prominent – infil-
tration of sinuses, frequently associated with lym-
phoid nodules and maturation arrest. In a recent
study comparing HSTL and T-LGLL, massive
splenomegaly, bone marrow sinusoidal expansion
by lymphoma cells, and lymphocytes without
azurophilic granules were the most distinguishing
features supporting a diagnosis of HSTL.

Aggressive NK-Cell Lymphoma/Leukemia
Aggressive NK-cell lymphoma/leukemia repre-
sents another important differential diagnosis of
HSTL. Both diseases commonly present as
hepatosplenic disease with B symptoms and
have an aggressive course. The main differences
include a leukemic picture, NK-cell origin with an
activated cytotoxic (granzyme B and perforin pos-
itive) phenotype, absence of TCR expression, and
EBVassociation in aggressive NK-cell leukemia.
The disease commonly presents with
hemophagocytic syndrome and a fulminant
course. The morphology in the spleen and in the
liver can show some overlapping features, with
medium to large tumor cells – often pleomorphic
compared to HSTL – infiltrating the splenic red
pulp and sinusoids of the liver. In the spleen, the
tumor cells can be sparse. However, a striking
morphologic difference is the pattern of bone
marrow infiltration, which is diffuse and
interstitial – often scant – without a sinusoidal
predilection in aggressive NK-cell leukemia.

Other Gamma-Delta T-Cell Lymphomas
Demonstration of a gd T-cell phenotype is
not specific for the diagnosis of HSTL and can
be misleading as other T-cell lymphomas
(a proportion of T-lymphoblastic lymphomas,
rare cases of T-LGLL, and a subset of extranodal
cytotoxic T-cell lymphomas) can show a gd T-cell
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phenotype. In agreement with the predilection of
normal gd T cells for some epithelia and mucosa,
gd T-cell lymphomas may develop in different
mucosal tissues, such as the nasopharyngeal
region and intestine, as well as in the skin. Many
of those arising in mucosa can be classified
as other disease entities, such as nasal-type
NK/T-cell lymphoma, enteropathy-associated
T-cell lymphoma, or monomorphic epithe-
liotropic intestinal T-cell lymphoma, suggesting
that the site of origin and functional properties
might be more important than the precise pheno-
type. In contrast, in view of their poor prognosis
and peculiar pathological features, cutaneous gd
T-cell lymphomas constitute a separate entity, dis-
tinct from subcutaneous panniculitis-like T-cell
lymphoma, a diagnosis restricted to cases with
an alpha-beta phenotype.

Overall, the elective distribution of tumor cells
with a CD3+, CD5–, CD8–, TIA-1+, granzyme
B-negative phenotype within the sinuses of the
bone marrow is the most characteristic feature of
HSTL, which means that bone marrow biopsy is
required for a diagnosis of HSTL.
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Introduction

In the fourth edition of theWHO Classification of
Tumours of Haematopoietic and Lymphoid Tis-
sues (Swerdlow et al. 2017), neoplasms derived
from histiocytes and dendritic cells (HDCT) were
gathered together based on the functional proper-
ties of their normal counterpart (i.e., phagocytosis,
processing and presentation of antigens to lym-
phoid elements, etc.) more than histogenesis. In
fact, although most of these elements derive from
a common myeloid precursor, some recognize a
mesenchymal origin (e.g., follicular dendritic
cells). Importantly, HDCT tend to reproduce the
morphologic, phenotypic, and ultrastructural
characteristics of terminally differentiated ele-
ments, i.e., mature histiocytes and different
categories of dendritic cells. In line with this, in
the fourth edition of the WHO Classification of
Tumours of Haematopoietic and Lymphoid Tis-
sues, blastic plasmacytoid dendritic cell tumor
(Swerdlow et al. 2017; Marafioti et al. 2008) was
excluded from the HDCT chapter and listed after
acute myeloid leukemias and related precursor
neoplasms, since it stems from a cell that acquires
terminal differentiation and dendritic appearance
following activation.

Intriguingly, during the last few years, several
publications highlighted that – irrespective of
their supposed normal counterpart (myeloid
vs. mesenchymal) – some of these neoplasms are
associated with or preceded by a malignant lym-
phoma (e.g., follicular lymphoma, chronic lym-
phocytic leukemia, B- or T-lymphoblastic
lymphoma/leukemia, peripheral T-cell
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lymphoma) (Feldman et al. 2008; Chen et al.
2013; Shao et al. 2011; Ratei et al. 2010; Dalia
et al. 2014a, b; Swerdlow et al. 2017). Under these
circumstances, HDCT carry the same TR or IGH
rearrangements and chromosomal aberrations as
lymphoid neoplasms, this suggesting a process of
transdifferentiation (Feldman et al. 2008; Chen
et al. 2013; Shao et al. 2011; Ratei et al. 2010;
Dalia et al. 2014a, b; Swerdlow et al. 2017;
Facchetti et al. 2017). To date, neither comprehen-
sive gene expression profiling nor next-generation
sequencing studies have been carried out, except
studies based on canine models (Boerkamp et al.
2014) and small series of follicular dendritic cell
(FDC) sarcomas (Griffin et al. 2016; Hartmann
et al. 2016; Laginestra et al. 2016; Facchetti et al.
2017). A next generation sequencing study of 13
FDC sarcomas revealed recurrent loss-of-function
alterations in tumour suppressor genes involved in
the negative regulation of NF-kB activation (38%
of cases) and cell-cycle progression (31% of
cases) (Griffin et al. 2016). The possible occur-
rence of BRAF V600E mutation has been
reported in the setting of histiocytic sarcoma,
Langerhans cell histiocytosis, FDC sarcoma, and
disseminated juvenile xanthogranuloma (Go et al.
2014). In Erdheim–Chester disease, activating
mutations in MAPK pathway genes, most notably
BRAF V600E, as well as NRAS mutation, can be
detected. Recurrent mutations in the PI3K path-
way gene have also been described (Allen and
Parson 2015).

Overall, HDCT are rare neoplasms
corresponding to less than 1% of all tumors pre-
senting in the lymph node and soft tissue. How-
ever, their exact prevalence is still unknown, since
the term “histiocytic” was erroneously applied to
malignant lymphomas for decades and some vari-
eties of these tumors have only recently been
identified (Dalia et al. 2014a, b; Falini et al.
1990; Pileri and Falini 1990). Their rarity is
underlined by the fact that until now only a few
large series have been reported in the literature
(Dalia et al. 2014a; Pileri et al. 2002; Perkins and
Shinohara 2013; Saygin et al. 2013; Facchetti
et al. 2017). Importantly, HDCT should be differ-
entiated from some regulatory disorders such as
macrophage activation and hemophagocytic syn-
dromes that contain a large amount of histiocytes

but are not neoplastic (Falini et al. 1990; Pileri and
Falini 1990).

In keeping with their rarity, the treatment of
HDCT is extremely variable, no specific trials
being available (Dalia et al. 2014a, b; Pileri et
al. 2002; Donadieu et al. 2012; Facchetti et al.
2017; Swerdlow et al. 2017). In principles, exci-
sional biopsies should be performed whenever
possible, needle aspirates being indeed pro-
scribed. Patients with one of these tumors have
to be referred to a tertiary care center, where there
is some experience on their management and
therapy. An accurate staging is mandatory,
since the distinction between localized and sys-
temic forms impacts on therapeutic decisions.
The former usually undergo surgical resection,
the utility of radiotherapy and/or chemotherapy
as adjuvant being debated (Dalia et al. 2014a, b;
Pileri et al. 2002; Donadieu et al. 2012). The
prognosis is quite favorable, also in case of
relapses, recorded in at least one fourth of
patients (Dalia et al. 2014a, b; Pileri et al. 2002;
Donadieu et al. 2012). In contrast, widespread
disease needs chemotherapy and has overall a
poor prognosis. No unanimous view on the
most effective schedule does exist (Dalia et al.
2014a, b; Pileri et al. 2002; Donadieu et al.
2012). Accordingly, CHOP, ICE, and ABVD
have been used with variable results (Dalia
et al. 2014a, b). More recently, the usage of
BRAF and/or MAPK inhibitors has been pro-
posed in tumours carrying gene mutations affect-
ing this patway (Facchetti et al. 2017)

Histiocytic Sarcoma

Histiocytic sarcoma (HS) consists of elements
provided with the morphologic and phenotypic
characteristics of mature tissue histiocytes/mac-
rophages (Swerdlow et al. 2017; Dalia et al.
2014a, b; Pileri et al. 2002; Takahashi and
Nakamura 2013). The latter are derived from
bone marrow (BM) and peripheral blood
(PB) monocytes, and following migration/matu-
ration in tissues participate in the innate response
with pro- and anti-inflammatory cytokine effects
as well as particulate removal by phagocytosis
and tissue reconstitution (Swerdlow et al. 2017;
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Dalia et al. 2014a, b; Pileri et al. 2002; Takahashi
and Nakamura 2013).

HS can affect patients at any age, although
commoner in adults, with a slight male predomi-
nance (Swerdlow et al. 2017; Dalia et al. 2014a, b;
Pileri et al. 2002; Takahashi and Nakamura 2013;
Facchetti et al. 2017). It has been described to occur
occasionally in association with mediastinal germ
cell tumors, malignant lymphoma, myelodysplasia,
and leukemia (Swerdlow et al. 2017; Dalia et al.
2014a, b; Pileri et al. 2002; Takahashi and
Nakamura 2013; Facchetti et al. 2017). Notably,
neoplastic proliferations associated with acute
monoblastic leukemia are excluded from this set-
ting (Swerdlow et al. 2017; Pileri et al. 2002).

The tumor more often develops at an extra-
nodal site (e.g., intestine, skin, soft tissue, and
bone) and rarely shows a systemic presentation
(Swerdlow et al. 2017; Dalia et al. 2014a, b; Pileri
et al. 2002; Takahashi and Nakamura 2013;
Facchetti et al. 2017). In the latter case, the term
malignant histiocytosis is sometimes applied
(Swerdlow et al. 2017; Pileri et al. 2002). Fever
and weight loss can occur (Swerdlow et al. 2017;
Pileri et al. 2002).

Morphologically, HS consists of large ele-
ments that show a diffuse, non-cohesive growth
pattern (Swerdlow et al. 2017; Dalia et al. 2014a,
b; Pileri et al. 2002; Takahashi and Nakamura
2013; Facchetti et al. 2017). Intrasinusoidal diffu-
sion is seen in the lymph node, liver, and spleen.
The neoplastic elements are more often monomor-
phic with round-slightly indented, moderately
atypical nuclei and a large rim of acidophilic
cytoplasm (Fig. 1a). However, at times they are
frankly malignant with spindle appearance
(Fig. 1b). Giant cells are not infrequent. Mitotic
figures are easily encountered. Phenomena of
phagocytosis seldom occur. A variable number
of reactive elements (i.e., small lymphocytes, neu-
trophils, eosinophils, and plasma cells) may be
admixed.

Immunohistochemistry is of paramount diag-
nostic importance (Swerdlow et al. 2017; Dalia
et al. 2014a, b; Pileri et al. 2002; Takahashi and
Nakamura 2013; Facchetti et al. 2017). In partic-
ular, neoplastic cells strongly express lysozyme
and CD68 (both in an intracytoplasmic granular

fashion), as well as CD4, CD163, and in half cases
protein S-100 (Fig. 1c–e). On the other hand, they
lack B- and T-cell markers, CD30, EMA, CD21,
CD23, CD35, CD1a, langerin, CD13, CD33,
MPO, cytokeratins, and HMB45. At the ultra-
structural level (Swerdlow et al. 2017; Pileri
et al. 2002), they show numerous lysosomes,
Birbeck granules, and junctions being absent.
Clonal IGH or TR rearrangements have been
recorded in a few cases that probably represent
examples of transdifferentiation (Feldman et al.
2008). Some recent reports have pointed to the
occurrence of BRAF (V600E) mutation in histio-
cytic sarcoma (Go et al. 2014; Idbaih et al. 2014;
Facchetti et al. 2017), with dramatic response to
vemurafenib in one instance (Idbaih et al. 2014).
In one of these reports, the prevalence of the
mutation in histiocytic sarcoma (62.5%) was
even higher than that recorded in LCH (ranging
from 25% to 60%, depending on the series),
although it did not affect the clinical course of
the disease (Go et al. 2014; Roden et al. 2014;
Haroche et al. 2012; Sahm et al. 2012).

The clinical behavior of systemic forms is
aggressive with a few patients alive at 5 years in
spite of the chemotherapy (CHOP, ICE, or
ABVD) used (Dalia et al. 2014a, b). Tumors pre-
senting as localized masses seem to have a better
outcome following resection associated or not
with adjuvant radio- and/or chemotherapy
(Swerdlow et al. 2017; Dalia et al. 2014a, b; Pileri
et al. 2002). Because of limited experience, there
is no treatment of choice (Dalia et al. 2014a, b;
Pileri et al. 2002).

ALK-Positive Histiocytosis
In 2008, Chan et al. reported on a previously
uncharacterized form of histiocytosis presenting
in early infancy and showing ALK protein expres-
sion (Chan et al. 2008). The patients presented
with pallor, massive hepatosplenomegaly, ane-
mia, and thrombocytopenia. Liver biopsy
revealed infiltration of the sinusoids by large
histiocytes with markedly folded nuclei, fine
chromatin, small nucleoli, and voluminous
lightly eosinophilic cytoplasm that sometimes
was vacuolated or contained phagocytized
blood cells. One patient developed cutaneous
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Histiocytic Neoplasma, Fig. 1 (a) Histiocytic sarcoma.
Neoplastic cells display a centroblastic-like appearance. In
contrast with true centroblasts, they have a larger rim of
cytoplasm (hematoxylin and eosin, x200). (b) Histiocytic

sarcoma. Another case provided with fusiform cells
(hematoxylin and eosin, x200). (c) Histiocytic sarcoma.
Neoplastic cells express CD68 (immunoalkaline phospha-
tase technique; Gill’s hematoxylin nuclear counterstain;
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infiltrates that morphologically resembled juve-
nile xanthogranuloma. The histiocytes stained
for histiocytic markers (CD68, CD163, lyso-
zyme), S100 protein, ALK (membranous and
cytoplasmic pattern), and dendritic cell markers
(fascin, factor XIIIa), but not CD1a and langerin.
One case successfully analyzed by molecular
techniques revealed TPM3-ALK fusion.

Tumors Derived from Langerhans Cells

Langerhans cells (LC) are BM-derived special-
ized dendritic cells located in mucosa sites/skin
that upon activation become specialized for anti-
gen presentation to T-lymphocytes and then
migrate to the lymph node through lymphatics
(Swerdlow et al. 2017; Dalia et al. 2014a, b;
Badalian-Very et al. 2012; Kairouz et al. 2007).

Langerhans Cell Histiocytosis
Langerhans cell histiocytosis (LCH) is a clonal
neoplastic proliferation of Langerhans-type cells
(Swerdlow et al. 2017; Dalia et al. 2014a, b). It
was variably termed in the past, this reflecting the
histogenetic uncertainties that occurred for
decades. It has an incidence of five new cases per
1,000,000 people per year and shows a strong
predilection for male children (Swerdlow et al.
2017; Dalia et al. 2014a, b). The tumor can present
in the form of a solitary lesion, of multiple lesions
within the same anatomic system or as a multi-
systemic disease (Swerdlow et al. 2017; Dalia

et al. 2014a, b; Pileri et al. 2002; Facchetti et al.
2017). A unifocal lesion more often affects older
children or adults and does occur at the bone level
by producing osteolysis or, less frequently, in the
lymph node. Multifocal, unisystemic disease
affects young children, the skull and mandibula
being the commonest localizations. Cranial
involvement can cause diabetes insipidus. Finally,
multifocal, multisystemic LCH is observed in
infants, showing an aggressive presentation (with
fever, cytopenias, hepatosplenomegaly, skin and
bone lesions) and poor prognosis. Pulmonary
LCH is a polyclonal condition that is observed in
heavy smokers and is felt to be reactive in nature
(Beasley 2010; Juvet et al. 2010) as might be LCH
foci at times found within the context of lympho-
mas and sarcomas (Benharroch et al. 2010). Such
concept that is widely accepted in the literature has
recently been challenged by the detection of
homologous BRAF mutations in multiple foci of
pulmonary LCH, a finding that instead suggests the
clonal origin of the process at least in part of the
cases (Roden et al. 2014; Yousem et al. 2013).
Finally, LCH cases associated with lymphoblastic
lymphoma/leukemia or peripheral B- or T-cell lym-
phoma and bearing the same IGH or TR
rearrangement likely represent examples of trans-
differentiation (Feldman et al. 2008; Dalia et al.
2014a, b).

Morphologically, neoplastic cells measure
about 15 mm across and have an oval, grooved,
folded, indented, or lobulated nucleus, fine chro-
matin, inconspicuous nucleoli, thin nuclear

��

Histiocytic Neoplasma, Fig. 1 (continued) PG-M1
monoclonal antibody; x200). (d) Histiocytic sarcoma.
Neoplastic cells express CD163 (immunoperoxidase tech-
nique; Gill’s hematoxylin nuclear counterstain; x200). (e)
Histiocytic sarcoma. Neoplastic cells express lysozyme
(immunoalkaline phosphatase technique; Gill’s hematoxy-
lin nuclear counterstain; x400). (f) Langerhans cell
histiocytosis. Neoplastic cells show a bland morphology
with infolded, coffee bean-shaped nuclei and a large rim of
acidophilic cytoplasm (hematoxylin and eosin; x400). (g)
Langerhans cell histiocytosis. Variable amounts
of eosinophils, neutrophils, histiocytes, and small lympho-
cytes in the microenvironment (hematoxylin and eosin;
x200). (h) Langerhans cell histiocytosis. Neoplastic cells

are strongly S-100 positive (immunoalkaline phosphatase
technique; Gill’s hematoxylin nuclear counterstain; x200).
(i) Langerhans cell histiocytosis. Neoplastic cells express
CD1a (immunoalkaline phosphatase technique; Gill’s
hematoxylin nuclear counterstain; x200). (j) Langerhans
cell histiocytosis. Langerin staining (immunoalkaline
phosphatase technique; Gill’s hematoxylin nuclear coun-
terstain; x200). (k) Langerhans cell sarcoma. Neoplastic
cell shows overt cytological atypia and giant cells
(hematoxylin and eosin; x200). (l) Interdigitating dendritic
cell sarcoma. Neoplastic cells grow in bundles
(hematoxylin and eosin, x200). Inset: positivity for protein
S-100 (immunoalkaline phosphatase technique; Gill’s
hematoxylin nuclear counterstain; x400)
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membrane, and a rather large rim of acidophilic
cytoplasm, devoid of projections (Fig. 1f). Cyto-
logical atypia is usually minimal. Mitotic figures
vary in number. Within this context, there are
variable amounts of eosinophils, neutrophils,
histiocytes, and small lymphocytes (Fig. 1g).
Multinucleated giant cells can occur.
Langerhans cells generally predominate with
the exception of advanced stages of the disease
that are characterized by prominent fibrosis.
When lymph nodes and liver are involved, the
process reveals a predominantly intrasinusoidal
diffusion. In the spleen, it gives rise to nodular
infiltrates.

Immunohistochemistry shows expression of
CD1a, langerin, protein S-100, CD68, HLA-DR,
and partly CD45 and lysozyme (Swerdlow et al.
2017; Dalia et al. 2014a, b; Pileri et al. 2002;
Facchetti et al. 2017) (Fig. 1h–j). Electron micros-
copy reveals typical Birbeck granules. Clonality is
demonstrated by the HUMARA test. During the
last few years, several reports have highlighted the
occurrence of the BRAF V600E or V600D muta-
tion in a variable proportion of LCH cases
(Go et al. 2014; Donadieu et al. 2012; Sahm
et al. 2012; Juvet et al. 2010; Kansal et al. 2013)
and subsequently in histiocytic and dendritic cell
disorders other than LCH (Go et al. 2014). This
finding can represent the rationale for the usage of
vemurafenib in such setting (Donadieu
et al. 2012).

The clinical outcome varies according to the
stage (Swerdlow et al. 2017; Dalia et al. 2014a,
b; Donadieu et al. 2012). Patients with unifocal
disease have up to 99% survival, while those
with multisystemic presentation more often die
of LCH (Swerdlow et al. 2017; Dalia et al.
2014a, b; Donadieu et al. 2012). Therapy is
limited to excision or radiation in patients with
unifocal, unisystemic disease not affecting the
CNS, liver, or spleen (Swerdlow et al. 2017;
Dalia et al. 2014a, b; Donadieu et al. 2012). In
cases with a single system involvement but
multifocal lesions not affecting critical organs,
corticosteroids are commonly used at least in
the early phases of the disease (Dalia et al.
2014a, b; Donadieu et al. 2012). In subjects
with LCH limited to the skin, topic nitrogen

mustard, PUVA phototherapy, imiquimod,
excimer laser, and radiotherapy represent fur-
ther options (Dalia et al. 2014a, b). In all the
remaining patients, systemic chemotherapy is
applied according to the recommendations of
the Histiocyte Society (Swerdlow et al. 2017;
Donadieu et al. 2012).

Langerhans Cell Sarcoma
Langerhans cell sarcoma (LCS) is a rare high-
grade tumor characterized by overt cytological
malignancy and poor survival (Swerdlow et al.
2017; Dalia et al. 2014a, b; Pileri et al. 2002;
Facchetti et al. 2017). It more often occurs in
middle-aged women with multi-organ involve-
ment (Swerdlow et al. 2017; Dalia et al. 2014a,
b; Pileri et al. 2002). The skin, underlying soft
tissue, and bone are the most commonly affected
sites, followed by lymph nodes, liver, and spleen
(Swerdlow et al. 2017; Dalia et al. 2014a, b;
Pileri et al. 2002). While phenotype and ultra-
structural features of LCS are the same as those
of LCH, cell morphology is indeed different
(Swerdlow et al. 2017; Dalia et al. 2014a, b;
Pileri et al. 2002; Facchetti et al. 2017). In fact,
the neoplastic population shows frank cytologi-
cal atypia, prominent polymorphism, and abun-
dant mitotic figures (Fig. 1k). Only a few
elements reveal grooves. Multinucleated, giant
cells are easily encountered. Eosinophils are
scanty. Molecular biology studies are anecdotal.
Chen et al. first reported on the occurrence of the
BRAF E600V mutation in LCS as well as on the
onset of the tumor in patients with a previous
history of chronic lymphocytic leukemia, a find-
ing suggesting transdifferentiation (Chen et al.
2013), an event that is also supported by other
publications (Shao et al. 2011; Ratei et al. 2010).
However, most information came from single
case reports or very small series, thus hampering
the knowledge of LCS both at the bio-
pathological and clinical level. In general, the
clinical behavior is aggressive with poor
response to therapy and more than 50% mortality
at 1 year. No established therapeutic schedule
does exist, most cases being treated as aggressive
lymphomas (Swerdlow et al. 2017; Dalia et al.
2014a, b; Pileri et al. 2002).

Histiocytic Neoplasma 219

H



Interdigitating Dendritic Cell Sarcoma

The interdigitating cell (IDC) is derived from LC
that travels to the lymph node where it acquires a
paracortical/T-zone location (Swerdlow et al.
2017; Dalia et al. 2014a, b; Ohtake and
Yamakawa 2013). It acts by presenting antigens
to T-lymphocytes and regulating cellular immune
response (Swerdlow et al. 2017; Dalia et al.
2014a, b; Ohtake and Yamakawa 2013).

Interdigitating dendritic cell sarcoma (IDCS) is a
very rare condition that so far has been mainly the
object of case reports (Swerdlow et al. 2017; Dalia
et al. 2014a, b; Pileri et al. 2002; Ohtake and
Yamakawa 2013; Facchetti et al. 2017). Two Sur-
veillance, Epidemiology, and End Result studies
identified about 120 cases in the literature (Perkins
and Shinohara 2013; Saygin et al. 2013). It occurs
more frequently in adults with a slight male predom-
inance (Swerdlow et al. 2017; Dalia et al. 2014a, b;
Takahashi and Nakamura 2013). Association with
B- and T-cell lymphomas as well as with schizo-
phrenia and tumors of the skin, liver, stomach,
colon, breast, and brain has been recorded
(Swerdlow et al. 2017; Dalia et al. 2014a, b; Pileri
et al. 2002). Solitary lymph node involvement is
most common, although extranodal localization in
the skin and soft tissue has been reported (Swerdlow
et al. 2017; Dalia et al. 2014a, b; Pileri et al. 2002).
Patients more often present with a solitary asymp-
tomatic mass but can at times reveal disseminated
disease with systemic symptoms (Swerdlow et al.
2017; Dalia et al. 2014a, b; Pileri et al. 2002).

Morphologically (Swerdlow et al. 2017; Pileri
et al. 2002; Ohtake and Yamakawa 2013;
Facchetti et al. 2017) (Fig. 1l), IDCS usually
forms fascicles with a storiform- or meningioma-
like pattern that substitutes the paracortex, sparing
normal follicles in the lymph node. Neoplastic
cells may be either elongated or ovoid with dis-
persed chromatin and small-large distinct nucle-
oli. Cellular atypia is variable. The number of
mitotic figures is moderate. Necrosis is usually
absent. Numerous reactive lymphocytes can be
admixed. The histological features may be indis-
tinguishable from those of follicular dendritic cell
sarcoma. Under these circumstances, the differen-
tial diagnosis is based on immunohistochemistry

that displays positivities for protein S-100,
vimentin, fascin, and variably CD68, CD45,
CD4, and lysozyme. B- and T-cell markers as
well as CD1a, langerin, CD21, CD23, CD35,
CD30, EMA, CD34, MPO, and cytokeratins are
negative (Swerdlow et al. 2017; Dalia et al. 2014a,
b; Pileri et al. 2002; Facchetti et al. 2017) (Fig. 1l,
inset). Electron microscopy reveals complex
interdigitating processes in the absence of Birbeck
granules and desmosomes (Swerdlow et al. 2017;
Pileri et al. 2002). IGH or TR are in germ-line
configuration with the exception of cases with a
previous or concomitant B- or T-cell lymphoma, a
finding strongly suggesting transdifferentiation
(Chen et al. 2013; Shao et al. 2011; Dalia et al.
2014a, b; Ohtake and Yamakawa 2013). CGH
studies have revealed some similarities with
LCH (O’Malley et al. 2014). Weiss et al. carried
a gene expression profiling analysis from a
formalin-fixed, paraffin-embedded tissue sample
and found overexpression of SPARC and HSP90
and the corresponding products that may repre-
sent the target for ad hoc therapies (Weiss
et al. 2010).

The clinical course seems aggressive with
about 50% of the patients dying of their disease
(Swerdlow et al. 2017; Dalia et al. 2014a, b; Pileri
et al. 2002). Only in cases with a solitary mass,
surgery and/or radiotherapy can represent the first
line of therapy (Swerdlow et al. 2017; Dalia et al.
2014a, b). In all patients with disseminated IDCS,
chemotherapy is warranted. However, no consen-
sus does exist as to the standard of care as well as
to the role of autologous BM transplantation
(Dalia et al. 2014a; Dalia et al. 2014b).

Follicular Dendritic Cell Sarcoma

Follicular dendritic cell sarcoma (FDCS) is a rare
neoplasm consisting of elements with the mor-
phologic and phenotypic characteristics of FDCs
(Swerdlow et al. 2017; Feldman et al. 2008;
Dalia et al. 2014a, b; Perkins and Shinohara
2013; Saygin et al. 2013; Ohtake and Yamakawa
2013; Facchetti et al. 2017). The latter are stromal-
derived cells normally found in the germinal cen-
ters of lymph nodes as well as the extranodal
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ectopic lymphoid tissue (e.g., BM lymphoid nod-
ules) (Swerdlow et al. 2017; Rezk et al. 2013). Via
the formation of immune complexes, FDCs
expose antigens to B cells playing a pivotal role
for their proliferation and maturation, along with
T-lymphocytes (Swerdlow et al. 2017; Rezk et al.
2013). Although FDCs are not derived from BM
progenitors, being mesenchymal in nature, they
express antigens related to BM stroma and can be
clonally related to follicular lymphoma, possibly
through a transdifferentiation process (Dalia et al.
2014a, b).

FDCS occurs at any age, although an adult
predominance is observed (Swerdlow et al.
2017; Dalia et al. 2014a, b; Pileri et al. 2002).
There is no sex predilection except for the inflam-
matory pseudotumor-like variant (Swerdlow et al.
2017). The latter most commonly affects females
and is with a few exceptions associated with inte-
gration of EBV in a monoclonal episomal form,
the virus entering via the expression of its receptor
CD21 (Swerdlow et al. 2017; Dalia et al. 2014a, b;
Facchetti et al. 2017). Occasionally, FDCS
develops in the setting of Castleman disease
(CD) or is associated with schizophrenia, para-
neoplastic pemphigus, and myasthenia gravis
(Swerdlow et al. 2017; Dalia et al. 2014a, b; Pileri
et al. 2002; Facchetti et al. 2017). In case FDCS is
associated with or preceded by CD, it arises in
lymph nodes that usually harbor dysplastic FDC
(Dalia et al. 2014a, b). In particular, FDCs of CD
express epidermal growth factor receptor, which
may promote FDC persistence and facilitate the
onset of mutations that eventually result in FDCS
(Dalia et al. 2014a, b).

In half to two third of patients, the tumor pre-
sents as isolated lymphadenopathy (Swerdlow
et al. 2017; Dalia et al. 2014a, b; Pileri et al.
2002; Facchetti et al. 2017). Extranodal locations
(in the tonsil, oral cavity, soft tissue, skin, liver,
spleen, gastrointestinal tract, or mediastinum) can
also occur (Swerdlow et al. 2017; Dalia et al.
2014a, b; Pileri et al. 2002; Facchetti et al.
2017). The mass tends to grow slowly and is
painless unless it develops in the abdomen. Sys-
temic symptoms are not observed with the excep-
tion of the inflammatory pseudotumor-like variant
(Swerdlow et al. 2017).

At microscopic examination (Swerdlow et al.
2017; Dalia et al. 2014a, b; Pileri et al. 2002;
Ohtake and Yamakawa 2013; Facchetti et al.
2017), FDCS consists of spindled to ovoid cells,
forming fascicles, storiform arrays, whorls
(at times reminiscent of the 360� pattern observed
in meningioma), diffuse sheets, or vague nodules
(Fig. 2a). The neoplastic cells generally reveal
indistinct borders and a moderate amount of
eosinophilic cytoplasm. The nuclei are oval or
elongated, with finely dispersed chromatin, small
but distinct nucleoli, and a delicate nuclear mem-
brane. Nuclear pseudo-inclusions are common.
Multinucleated giant tumor cells are frequently
encountered. Significant cytological atypia is
found in some cases, which display higher mitotic
rates (>30 mitotic figures per 10 high-power
fields vs. 0–10 in the ordinary cases), atypical
mitoses, and coagulative necrosis (Fig. 2b). The
tumor is typically slightly infiltrated by small
lymphocytes (see below). Occasionally, neoplas-
tic cells are scattered singly in a background of
small lymphocytes, mimicking Hodgkin lym-
phoma. Rare cases may also show jigsaw
puzzle-like lobulation and perivascular spaces,
mimicking thymoma or carcinoma showing
thymus-like element (CASTLE) (Swerdlow et al.
2017). Finally yet importantly, morphologic vari-
ants of FDCS have recently been reported:
folliculotropic rich in B cells and angiomatoid,
respectively (Lorenzi et al. 2012; Facchetti et al.
2017).

The inflammatory pseudotumor-like variant
occurs exclusively as primary tumor in the liver
or spleen (Swerdlow et al. 2017). The neoplastic
spindled cells are dispersed within a prominent
lymphoplasmacytic infiltrate (Fig. 2c).

Necrosis and hemorrhage are often present.
The blood vessels frequently show fibrinoid
deposits in the walls.

On immunophenotyping (Swerdlow et al.
2017; Dalia et al. 2014a, b; Pileri et al. 2002;
Ohtake and Yamakawa 2013; Facchetti et al.
2017), neoplastic cells express CD21, CD23,
CD35, CXCL13 (Vermi et al. 2008), clusterin,
desmoplakin, vimentin, fascin, EGFR, HLA-DR,
and the antigens detected by the monoclonal anti-
bodies KIM4p and CNA.42 (Fig. 2d–f). Variably,
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Histiocytic Neoplasma, Fig. 2 (a) Follicular dendritic
cell sarcoma. The growth pattern is reminiscent of the one
observed in meningioma. Please, note the bland cytology
(Giemsa staining; x200). (b) Follicular dendritic cell

sarcoma. In an intra-abdominal mass measuring more
than 6 cm across and characterized by multiple foci of
necrosis, a frankly atypical population is seen
(hematoxylin and eosin; x400). (c) Follicular dendritic
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they turn positive for EMA, protein S-100, and
CD68 while exceptionally for CD20, CD45,
CD30, and cytokeratins. CD1a, lysozyme, MPO,
CD34, CD3, CD79a, and HMB45 are negative.
The Ki-67 marking ranges from 1% to 75%. The
admixed small lymphocytes show variable phe-
notype (B, T, or mixed).

Ultrastructurally, tumoral elements display
long processes connected by scattered desmo-
somes. No Birbeck granules are seen. IGH or TR
are in germ-line configuration unless the process
is the result of transdifferentiation (Feldman et al.
2008; Shao et al. 2011; Dalia et al. 2014a, b).
BRAF V600E mutation has at times been found
(Go et al. 2014; Facchetti et al. 2017).

Recently, three reports have shed new light on
the pathobiology of FDCS (Griffin et al. 2016;
Hartmann et al. 2016; Laginestra et al. 2017). A
targeted sequencing study revealed recurrent loss-
of-function of tumor suppressor genes involved in
the negative regulation of NF-kB (38%) and cell
cycle (31%) (Griffin et al. 2016), including
NFKBIA, CYLD, CDKN2A, and RB1. Focal
copy number gain at 9p24 causing overexpression
of CD274 (PD-L1) and PDCD1LG2 (PD-L2) was
noted in three cases, which represents a well-
known mechanism of immune evasion in cancer.
Another study based on microRNA (miRNA)
profiling of 31 FDCSs identified two subgroups
with high and low miRNA expression levels,
respectively (Hartmann et al. 2016). The former
appeared closer to fibroblasts and

myopericytomas, whereas the latter to FDCs
from CD. High miRNA-expressing group pre-
sented a tendency to a shorter overall survival
and more frequent podoplanin expression.
Laginestra et al. (2016) analyzed the trans-
criptome of 29 FDCSs and compared it with that
of other mesenchymal tumors (MTs), micro-
dissected CD FDCs, and normal fibroblasts. The
study demonstrated the transcriptional relation-
ship of FDCSs with nonmalignant FDCs and
their distinction from other MTs and fibroblasts.
Furthermore, it provided evidence of a peculiar
immunological microenvironment enriched in
TFH and TREG populations, with special refer-
ence to the inhibitory immune receptor PD-1 and
its ligands PD-L1 and PDL2.

The differential diagnosis of FDCS includes
B- and T-cell lymphomas, myeloid sarcoma,
melanoma, carcinomas, thymoma, blastic plasma-
cytoid dendritic cell neoplasm, and LCH/LCS.
Rarely, peripheral nerve sheath tumors and malig-
nant fibrous histiocytoma are mistaken for FDCS.
Immunohistochemistry plays a basic role for the
differentiation of FDCS from these entities (Dalia
et al. 2014a, b).

The clinical behavior of FDCS is usually indo-
lent. Most patients are treated by surgical excision
followed or not by radiotherapy and/or chemo-
therapy (Swerdlow et al. 2017; Dalia et al.
2014a, b; Pileri et al. 2002; Facchetti et al.
2017). Local recurrences and metastases are
recorded in 50% and 25% of patients, respectively

��

Histiocytic Neoplasma, Fig. 2 (continued) cell sarcoma,
inflammatory pseudotumor-like variant. Neoplastic cells
are overwhelmed by inflammatory elements
(hematoxylin and eosin; x400) and carry EBV infection
(inset, EBER1/2 probes; in situ hybridization; x400). (d)
Follicular dendritic cell sarcoma. Neoplastic cells express
CD21 (immunoalkaline phosphatase technique; Gill’s
hematoxylin nuclear counterstain; x400). (e) Follicular
dendritic cell sarcoma. CD35 positivity (immunoalkaline
phosphatase technique; Gill’s hematoxylin nuclear coun-
terstain; x400). (f) Follicular dendritic cell sarcoma.
CXCL13 staining (immunoperoxidase technique; Gill’s
hematoxylin nuclear counterstain; x400). (g) Fibroblastic
reticulum cell tumor. Neoplastic cells have a fusiform
appearance (hematoxylin and eosin; x400). (h)

Fibroblastic reticulum cell tumor. Neoplastic cells express
smooth muscle actin (immunoalkaline phosphatase tech-
nique; Gill’s hematoxylin nuclear counterstain; x400). (i)
Indeterminate dendritic cell tumor. The population has a
Langerhans cell-like appearance (hematoxylin and eosin;
x400). (j) Indeterminate dendritic cell tumor. S100 staining
(immunoalkaline phosphatase technique; Gill’s hematoxy-
lin nuclear counterstain; x400). (k) Disseminated juvenile
xanthogranuloma. The growth consists of small cells, at
times slightly spindled, with bland appearance
(hematoxylin and eosin; x100). (l) Disseminated juvenile
xanthogranuloma. CD68 expression (immunoalkaline
phosphatase technique; Gill’s hematoxylin nuclear coun-
terstain; PG-M1 monoclonal antibody; x400)
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(Swerdlow et al. 2017; Dalia et al. 2014a, b; Pileri
et al. 2002). At least 10–20% of patients ulti-
mately die of FDCS (Swerdlow et al. 2017;
Dalia et al. 2014a, b; Pileri et al. 2002; Facchetti
et al. 2017). Cases showing significant cytological
atypia, extensive coagulative necrosis, high pro-
liferation, size greater than 6 cm, and intra-
abdominal location can run a rapidly fatal course
(Swerdlow et al. 2017; Dalia et al. 2014a; Dalia
et al. 2014b; Pileri et al. 2002; Facchetti et al.
2017). A lymphoma-like therapy is adopted in
the latter cases, although no reference protocol
does exist (Dalia et al. 2014a; b).

Other Rare Dendritic Cell Tumors

They may stem either from myeloid-derived den-
dritic cells (e.g., indeterminate dendritic cell
tumor) or from stroma-derived dendritic cells
(e.g., fibroblastic reticular cell tumor). Some den-
dritic cell neoplasms may remain unclassified
even following extensive analysis or show hybrid
features: these cases are tentatively termed “den-
dritic cell tumor, not otherwise specified”
(Swerdlow et al. 2017).

Fibroblastic Reticulum Cell Tumor
This is an exceptional condition probably
corresponding to what is reported as “cytokeratin-
positive interstitial dendritic cell tumor”
(Schuerfeld et al. 2003). Morphologically, fibro-
blastic reticulum cell tumor (FRCT) is
undistinguishable from IDCS and FDCS
(Swerdlow et al. 2017; Dalia et al. 2014a, b;
Suárez-Vilela et al. 2012) (Fig. 2g). Immunohis-
tochemistry, however, shows a distinctive profile
with variable expression of smooth muscle actin,
desmin, cytokeratin (in a dendritic pattern), factor
XIIIa, and CD68. CD1a, protein S-100, CD21,
CD23, CD35, desmoplakin, clusterin, and
langerin are absent (Swerdlow et al. 2017; Dalia
et al. 2014a, b; Suárez-Vilela et al. 2012) (Fig. 2h).
Electron microscopy reveals delicate cytoplasmic
extensions and features reminiscent of
myofibroblasts (Swerdlow et al. 2017; Dalia
et al. 2014a, b; Suárez-Vilela et al. 2012). Saygin
et al. pooled 19 cases: their analysis showed that

FRCT more often occurs in males aged 60 and
presents in the lymph node, although extranodal
locations can also be seen (Saygin et al. 2013).
The outcome is variable: localized disease can be
cured by surgery, while disseminated FRCT has a
poor prognosis despite chemotherapy (Dalia et al.
2014a, b; Saygin et al. 2013).

Indeterminate Dendritic Cell Tumor
Indeterminate dendritic cell tumor (IDCT) is an
extremely rare neoplasm. It stems from indeter-
minate cells, which are normally found in the
dermis and might represent a form of mature LC
(Dalia et al. 2014a, b). Actually, only case reports
are available: thus, no conclusions can be drawn
as to what the epidemiology of the tumor is
concerned. Association with nodular scabies, pit-
yriasis rosea, and indolent B-cell lymphomas has
been observed (Dalia et al. 2014a, b). IDCT is
characteristically located in the dermis by produc-
ing one or – more commonly – multiple general-
ized papules, nodules, or plaques. The tumor
consists of spindled or ovoid elements with the
same phenotypic profile as normal indeterminate
dendritic cells. The morphology resembles
the one of Langerhans cells (Swerdlow et al.
2017; Dalia et al. 2014a, b; Facchetti et al. 2017)
(Fig. 2i). However, neoplastic elements lack
Birbeck granules and langerin (Swerdlow et al.
2017; Dalia et al. 2014a, b; Facchetti et al. 2017).
At times, they can acquire spindle appearance. The
number of mitotic figures is variable. Multi-
nucleated giant cells may be seen, while eosino-
philic infiltrates are absent. Immunohistochemistry
shows expression of CD1a and protein S-100
(Swerdlow et al. 2017; Dalia et al. 2014a, b;
Facchetti et al. 2017) (Fig. 2j). The stains for B-
and T-cell markers, CD21, CD23, CD35, CD30,
and CD163 turn negative. CD45, CD68, lysozyme,
and CD4 are variable as is the Ki-67 marking
(Swerdlow et al. 2017; Dalia et al. 2014a, b;
Facchetti et al. 2017). Electron microscopy display
elongated processes in the absence of desmosomes
(Swerdlow et al. 2017; Dalia et al. 2014a, b).

The behavior is variable: from spontaneous
regression to rapid progression (Swerdlow et al.
2017; Dalia et al. 2014a, b). Association with
indolent B-cell lymphoma and myeloid leukemia
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has anecdotally been reported, which might
represent examples of transdifferentiation (Dalia
et al. 2014a, b).

Disseminated Juvenile
Xanthogranuloma

Disseminated juvenile xanthogranuloma (JXG) is
a condition characterized by deep, visceral lesions
similar to the one observed in dermal JXG
(Swerdlow et al. 2017; Dalia et al. 2014a, b). It
usually occurs in children (in 50% of cases during
the first year of life) (Swerdlow et al. 2017; Dalia
et al. 2014a, b).

Disseminated JXG may be associated
with neurofibromatosis type 1 (NF1) (Swerdlow
et al. 2017; Dalia et al. 2014a, b). Patients with
both disseminated JXG and NF1 have a slightly
increased risk to develop juvenile myelomonocytic
leukemia (Swerdlow et al. 2017).

The most commonly affected sites are the
skin and soft tissues, followed by mucosal sur-
faces, especially of the upper aerodigestive tract
(Swerdlow et al. 2017; Dalia et al. 2014a, b). The
central nervous system, dura, pituitary stalk, and
brain can be interested as well as the eye, liver,
lung, lymph node, and bone marrow (Swerdlow
et al. 2017; Dalia et al. 2014a, b).

Morphologically (Swerdlow et al. 2017; Dalia
et al. 2014a, b), JXG cells are small and oval,
sometimes slightly spindled with a bland round-
oval nucleus without grooves and pink cytoplasm
(Fig. 2k). Giant Touton cells are less common at
non-dermal sites. The cells become progressively
lipidized (xanthomatous). A mixed inflammatory
component is always detected.

Although JXG elements express a histiocytic
phenotype with positivities for CD14, CD68,
CD163, and Stabilin-1 (MS-1 antigen) (Fig. 2l),
the histogenesis of the disease is still a matter
of debate (Swerdlow et al. 2017; Dalia et al.
2014a, b). Factor XIIIa staining is common but
not universal, fascin stains the cell cytoplasm, and
S100 is variably positive in less than 20%. CD1a
and langerin are negative (Swerdlow et al. 2017;
Dalia et al. 2014a,b). IGH or TR are in germ-line
configuration. Evidence for clonality has been

detected in some instances (Swerdlow et al.
2017).

All clinical forms are benign, though multiple
lesions in brain, dura, or pituitary can cause local
consequences and even death (Swerdlow et al.
2017; Dalia et al. 2014a,b). Systemic forms that
involve liver and BM have been treated with
LCH-type therapy (Swerdlow et al. 2017; Dalia
et al. 2014a, b).

Erdheim-Chester Disease

Erdheim–Chester disease (ECD) is a clonal sys-
temic proliferation of histiocytes, commonly hav-
ing a foamy (xanthomatous) component, and
containing Touton giant cells (considered to be a
non–Langerhans cell histiocytosis). However, as
many as 20% of patients with ECD also have
Langerhans cell histiocytosis lesions, and infiltra-
tion by ECD and Langerhans cell histiocytosis
may be present within the same biopsies
(Swerdlow et al. 2017; Wilejto and Abla 2012).

ECD is a rare condition. To date, < 1000
cases have been reported. The mean patient
age at diagnosis is 55–60 years, but rare
pediatric cases have also been reported. The
male-to-female ratio is 3:1.

Virtually any organ or tissue can be infiltrated
by ECD. Skeletal involvement occurs in most if
not all cases. Cardiovascular involvement proba-
bly occurs in about 50% of patients but is likely
underdiagnosed. One third of patients have retro-
peritoneal involvement. CNS involvement, diabe-
tes insipidus, and/or exophthalmos occur in
20–30% of patients. CNS involvement may
occur due to tissue infiltration by histiocytes or
degenerative alterations typically affecting the
cerebellum, with involvement due to degenerative
alterations being much more difficult to treat.
Xanthelasma, generally involving the eyelids or
periorbital spaces, is the most common cutaneous
manifestation.

The clinical course of ECD depends on the
extent and distribution of the disease. Some
cases, with lesions limited to the bone, are asymp-
tomatic; others, with multisystemic disease, may
follow an aggressive, rapid clinical course.
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Morphologically and phenotypically, ECD is
indeed similar to JDX. However, fibrosis is pre-
sent in most cases and is sometimes abundant.

In several cases, clonality has been identified
by classic cytogenetics and other techniques.
Activating mutations in MAPK pathway genes,
most notably BRAFV600E (reported in> 50% of
cases), as well as NRAS mutation (recorded in
�4% of cases), can be detected in ECD (Allen
and Parsons 2015; Haroche et al. 2012). Recurrent
mutations in the PI3KCA pathway gene have also
been described (in �11% of cases) (Allen and
Parsons 2015).

ECD is a chronic disease. The disease outcome
correlates with sites of involvement; patients with
CNS disease or multisystemic disease have a
worse outcome (Swerdlow et al. 2017). Disease
activity is assessed by clinical examination, imag-
ing, and C reactive protein values, but no disease
activity score has been established. Vemurafenib,
an inhibitor of BRAF that is approved for treating
patients with metastatic melanoma and BRAF
V600 mutations, has recently been used, with
promising results (Cohen-Aubart et al. 2014;
Campochiaro et al. 2015).
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Synonyms

AIDS-related lymphomas; HIV-related lympho-
mas; Lymphomas associated with HIV infection

Definition

Lymphomas represent the most frequent malig-
nancy among people infected with human immu-
nodeficiency virus (HIV). Characteristically these
lymphomas have high-grade malignancy and are
in advanced stage, with extranodal involvement
(Swerdlow et al. 2008). The most common lym-
phomas arising in the presence of HIV-associated
immunosuppression include Burkitt lymphoma
(BL) and diffuse large B-cell lymphoma
(DLBCL). Classical Hodgkin lymphoma (cHL)
is also increased in the setting of HIV, but it less
frequent than BL and DLBCL. Additional lym-
phomas occurring in HIV-infected patients
include primary effusion lymphoma (PEL) and
its solid variants, lymphoma associated with
Kaposi sarcoma herpesvirus (KSHV)-related
multicentric Castleman disease (MCD), and
plasmablastic lymphoma (PBL) of the oral cavity
type (Table 1) (Carbone et al. 2016; Dolcetti et al.
2016; Said et al. 2017; Swerdlow et al. 2008;
Yarchoan & Uldrick 2018). These three types of
lymphomas rarely occur in immunocompetent
patients and are more specific to HIV infection
(Gloghini et al. 2013). Among HIV-associated
lymphomas, the relative frequencies of the vari-
ous histotypes are 50% for DLBCL, 40% for BL,

and 10% for all other histotypes. Among the latter,
both PEL and PBL account for 3% each.

Before highly active antiretroviral therapy
(HAART), of the different histological types of
lymphoma, three were AIDS-defining malignan-
cies, by the definition of the Centers for Disease
Control: DLBCL with immunoblastic features,
primary central nervous system lymphoma
(PCNSL), and BL (Table 2). The terminology

HIV-AssociatedLymphoidDisorders, Table1 Catego-
ries of HIV-associated lymphoproliferative disorders

EBV-associated B-cell lymphoproliferative disorders in
HIV setting

Burkitt lymphoma-plasmacytoid

Primary central nervous system lymphoma

Diffuse large B-cell lymphoma, NOS,
immunoblastic – plasmacytoid

Classical Hodgkin lymphoma

KSHV-associated PEL and its solid variant

Plasmablastic lymphoma of the oral cavity type

Other histotypes (rare)

Polymorphic B-cell lymphoma (PTLD-like)

KSHV-associated lymphoproliferative disorders in HIV
setting

KSHV-associated PEL and its solid variant

Classic PEL – in the absence of tumor masses

Solid PEL with serous effusion

Solid PEL without serous effusion

MCD-associated large cell lymphoma

MCD

Abbreviations. EBV Epstein-Barr virus, KSHV Kaposi
sarcoma-associated herpesvirus, MCD multicentric
Castleman disease, PEL primary effusion lymphoma,
PTLD posttransplant lymphoproliferative disorder

HIV-Associated Lymphoid Disorders, Table 2 HIV-
associated lymphomas: AIDS-defining and non-AIDS-
defining

AIDS-defining lymphomas (since 1992)

Lymphoma of the brain

Other non-Hodgkin lymphomas of B-cell or unknown
immunophenotype

Burkitt lymphoma and diffuse large B-cell
lymphoma

Primary effusion lymphoma and its solid variant

Non-AIDS-defining lymphomas (current data)

Classical Hodgkin lymphoma
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for lymphomas has changed since then. In partic-
ular, DLBCLs have been subdivided in the ger-
minal center subgroup or activated B-cell
subgroup. Both subgroups can be considered
AIDS-defining conditions.

Clinical Features

• Incidence
Upon the introduction of HAART, the inci-
dence of lymphomas declined but not as dra-
matically as KS. The incidence of lymphomas
declined by 77% in the post-HAART era
(1996–2007) as compared to the pre-HAART
era (1984–1995). HAART was particularly
effective at reducing the incidence of PCNSL
and immunoblastic DLBCL, but it appeared to
have less impact on the incidence of BL. Since
the introduction of combination antiretroviral
therapy (cART), a number of changes have
taken place in the spectrum of cancer affecting
HIV-infected individuals. However, lym-
phoma is still the most frequent neoplastic
cause of death among HIV-infected individ-
uals. The incidence of lymphomas initially
fell in the cART era but has now stabilized.
People infected with HIV display a 60–200-
fold and 8–10-fold higher relative risk of
developing non-Hodgkin lymphoma (NHL)
and cHL, respectively, compared with HIV-
uninfected people. However, the incidence of
DLBCL and PCNSL has decreased, while that
of BL and cHL has increased (Shiels et al.
2013; Simard et al. 2011).

Although the incidence of HIV-associated
DLBCL declined after the introduction of
HAART and cART, DLBCL remains the
main type of cancer in HIV-infected people.
The incidence of other HIV-associated lym-
phomas such as BL, PEL, and PBL of the
oral cavity type still remains high. At the pre-
sent HIV-infected individuals continue to pre-
sent virus-associated NHL (Carbone and
Gloghini 2018; Yarchoan and Uldrick 2018)
(Table 3) and are at a 23-fold increased risk
compared to the general population (Shiels
et al. 2013; Simard et al. 2011).

Of note, in the cART era, people with HIV
seem to be at greater risk of cHL than those
who do not have HIV infection. Patients with
HIV with modest immunocompromised sys-
tems, owing to the improvement in CD4 counts
associated with cART, are at higher risk of
developing the nodular sclerosis subtype of
classic HL (cHL). It has been postulated that
with an increase of the CD4+ T-cell population
as a result of cART therapy, the appropriate
cellular milieu of cHL surrounding the Reed-
Sternberg (RS) cells might be available to sup-
port tumor development. In patients with HIV
with improved immunity, CD4+ T cells pro-
vide adequate antiapoptotic pathways and
mechanisms of immune evasion for tumor
cells, which enable the expansion and mainte-
nance of full expression of concomitant dis-
ease, as occurs in cHL among people without
AIDS. Alternatively, cHL can arise as part of
an immune reconstitution syndrome. Hypo-
thetically, the RS cell might already be present
in severe immunosuppressed patients, and par-
tial restoration of the immune system may
enable recruitment of surrounding immune
cells and hence the manifestation of these
tumors. Immunosuppression and poor viral
control can increase cHL risk, specifically

HIV-Associated Lymphoid Disorders,
Table 3 Lymphoid proliferations in people with
HIV/AIDS carry infection by other viral agents

HIV EBV KSHV

Hodgkin lymphoma + + �
Burkitt lymphoma-
plasmacytoid

+ �/+ �

DLBCL-IBL plasmacytoid + + �
PEL and its solid variants + + +

PBL of the oral cavity type + +/� �
MCD-associated LBCL + � +

MCD + � +

Abbreviations: DLBCL diffuse large B-cell lymphoma,
EBV Epstein-Barr virus, HIV human immunodeficiency
virus, KSHV Kaposi sarcoma-associated herpesvirus, IBL
immunoblastic lymphoma, PEL primary effusion lym-
phoma, MCD multicentric Castleman disease, PBL
plasmablastic lymphoma, LBCL large B-cell lymphoma
+, positive in 100% of cases;�, negative in 100% of cases;
�/+, positive in less than 50% of cases; +/�, positive in
more than 50% of cases
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during the immune reconstitution interval
immediately after the initiation of cART
(IARC monograph 2012; Carbone et al. 2014).

• Age
Young and middle-aged people are affected.
Age of lymphoma occurrence is dependent on
the age of HIV infection. In comparison to
patients naive to cART, patients on cART at
cHL diagnosis were older, had less
B symptoms, and better bone marrow reserve.

• Sex
There is an apparently lower risk of lympho-
mas in women than men.

• Site
Lymphomas that develop in HIV-infected
patients are predominantly aggressive nodal
and extranodal B-cell malignancies. These
lymphomas display a marked propensity to
involve the gastrointestinal tract, central ner-
vous system (less frequent after HAART), liver
and bone marrow, and perinodal soft tissue.

At diagnosis, most patients with HIV-
associated cHL present with B symptoms and
advanced stages of disease with involvement
of extranodal sites, including the bone marrow,
liver, and spleen.

• Treatment
The combination of cART and chemotherapy
treatment has resulted in a remarkable prolon-
gation of long-term, disease-free survival and
overall survival among HIV-infected patients
with lymphoma. However, there is a need for
further improvement and wider dissemination
of the best treatment protocols because the
survival in these patients still lags behind that
of patients with lymphoma who are not
infected with HIV.

For patients with HIVand B-cell NHL, solid
evidence points to the safety and efficacy of
combined treatment including rituximab plus
chemotherapy (R-CT), in agreement with
corresponding findings in NHL in the general
population. Immunotherapy and/or standard-
intensive chemotherapy is now feasible in
patients receiving cART and supportive care
that includes hematopoietic growth factors
(such as granulocyte colony-stimulating factor
[G-CSF]) and prophylaxis for opportunistic

infection (Carbone et al. 2014; Dunleavy and
Wilson 2012).

HIV-associated cHL shows unusually
aggressive clinical behavior, which mandates
the use of specific therapeutic strategies. The
combination of cART with better supportive
therapy (such as G-CSF use and prophylaxis
of major opportunistic infections) has made
standard ABVD (doxorubicin, bleomycin, vin-
blastine, dacarbazine) and intensive chemo-
therapy regimens feasible also in patients
with HIV-associated cHL (Carbone
et al. 2014).

• Outcome
The outcome of HIV-associated lymphomas
including NHL and cHL has dramatically
improved since the introduction of cART and
survival is now approaching that of HIV-
uninfected patients.

Macroscopy

Most lymphomas present with tumor masses and
large lymphadenopathies with necrosis.

Microscopy

BL. HIV-associated BL includes cases that
exhibit classic BL features, as well as cases that
show plasmacytoid differentiation or greater
nuclear polymorphism, which in the past was
referred to as atypical Burkitt or Burkitt-like lym-
phoma. Morphologically HIV-associated BL can
resemble those occurring in HIV-uninfected
patients. However, many HIV-associated BL
cases show plasmacytoid features that are charac-
terized by pleomorphism in nuclear size and
shape, abundant eccentric cytoplasm, and nuclei
with a centrally located prominent nucleolus
(Fig. 1). Interestingly, BL with plasmacytoid dif-
ferentiation is seen almost exclusively in patients
with HIV (Gloghini et al. 2013).

DLBCL. DLBCLs are morphologically and
clinically heterogeneous. The different morpho-
logical variants of DLBCL include the
centroblastic variant (composed of centroblasts

230 HIV-Associated Lymphoid Disorders



with multiple nucleoli), the immunoblastic variant
(composed of immunoblasts with a single, prom-
inent nucleolus) (Fig. 2), and the anaplastic vari-
ant (with large tumor cells having anaplastic
nucleus). In general, immunoblastic lymphoma
tends to occur in patients with more advanced
HIV disease compared with centroblastic lym-
phoma. Primary DLBCL of the central nervous
system associated with HIV infection usually
belongs to the immunoblastic type (Fig. 2).
In HIV-associated DLBCL with immunoblastic
features, tumor cells contain over 90% of
immunoblasts with plasmacytoid features
(Swerdlow et al. 2008).

cHL. Classic HL is currently the most common
type of non-AIDS-defining cancers. Three com-
mon histological subtypes of HIV-associated cHL
have been distinguished based on the characteris-
tics of the reactive infiltrate, and these include a
nodular sclerosis cHL, a mixed cellularity cHL,
and a lymphocyte depletion cHL. The pathologi-
cal spectrum of HIV-associated cHL differs from
that of cHL nonrelated to HIV. In particular, the
aggressive histological subtypes of cHL – mainly
mixed cellularity and lymphocyte depletion – pre-
dominate among HIV-associated cHL. As
observed in cHL in patients not infected by HIV,
the so-called RS cell is the diagnostic key for

HIV-Associated Lymphoid Disorders, Fig. 1 Burkitt
lymphoma with plasmacytoid differentiation involving
(a, b, e–l) lymph node, (c) extracapsular and (d) extranodal
tissues. (a–b) Tumor consists of a homogeneous prolifer-
ation of medium-sized cells displaying a cohesive pattern.
Tumor cells have round nuclei, multiple nucleoli, and
limited cytoplasm. (e–g) Tumor cells typically express
CD20 (membranous staining), CD10 (membranous
staining), and BCL6 (nuclear staining). (h) EBVis detected
in almost all tumor cells as demonstrated by EBER in situ

hybridization. (i) The tumor cells carry rearrangement of
MYC as detected by a double-staining chromogenic in situ
hybridization assay. (l) Proliferation rate is close to 100%
as shown by MIB1 immunohistochemistry. (a, c, d)
Hematoxylin-eosin stain. (b) Giemsa stain. (e–g, l) Immu-
nohistochemistry, hematoxylin counterstain. (h, i) Bright
field in situ hybridization, hematoxylin counterstain.
Abbreviations: EBER Epstein-Barr RNA, EBV Epstein-
Barr virus
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assessing this lymphoma owing to its typical mor-
phology, a giant cell with binucleation or multi-
nucleation and huge nucleoli (Fig. 3) (Carbone
et al. 2014).

Immunophenotype

BL. HIV-associated Burkitt lymphoma variants
have a homogeneous immunophenotype, with
expression of CD20, CD10, BCL6, absence of
BCL2, and a proliferation rate close to 100%
(Fig. 1).

DLBCL. DLBCL with plasmacytoid features
display a plasma cell differentiation-related phe-
notype while retaining features of the
immunoblastic stage of B-cell development. Spe-
cifically, plasma cell surface markers, such as
CD138, are upregulated, whereas markers of

mature B cells, such as CD20 and CD45, are
usually downregulated. Similarly, transcription
factors associated with B cells in general (such
as PAX5 and BCL6) are downregulated, and the
fact that the transcriptional program has trans-
itioned to that of plasma cells can be demonstrated
by the expression of PRDM1(also known as
BLIMP1), XBP1, and IRF4 proteins. The prog-
nostic implications of such immunophenotype is
still unclear

cHL. Phenotypically, RS cells of cHL are con-
sistently positive for CD30, CD15, CD40 (Fig. 3),
and IRF4.

Molecular Features

BL.Almost all HIV-associated BL cases contain a
MYC rearrangement (Fig. 1). Translocation of

HIV-Associated Lymphoid Disorders, Fig. 2 HIV-
associated diffuse large B-cell lymphoma with
immunoblastic-plasmacytoid features. These lymphomas
can be either (a–c) systemic or (d, e) primary central
nervous system lymphomas. (a-b) Tumor cells contain
abundant plasmacytoid cytoplasm and round, oval, or
ovoid nuclei with prominent nucleoli. (d) In primary

diffuse large B-cell lymphoma of the central nervous sys-
tem, tumor cells are present in the perivascular space. (c, e)
EBV is detected in almost all tumor cells as demonstrated
by EBER in situ hybridization. (a, b, d) Hematoxylin-eosin
stain. (c, e) Bright field in situ hybridization, hematoxylin
counterstain. Abbreviations: EBER Epstein-Barr RNA,
EBV Epstein-Barr virus
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MYC into one of the immunoglobulin (Ig) loci
occurs in all BL. The most common translocation
is t(8;14)(q24;q32), which involves the MYC and
Ig heavy chain genes, but in 10% of the cases, it
can involve MYC and one of the Ig light chain
genes. Many BL cases also contain mutations in
TP53, and some tumors have mutations in RAS

and/or BCL6 genes. EBV is present in about
50–70% of BL cases (Fig. 1), especially in the
plasmacytoid variant, with a restricted expression
pattern of latent genes (EBNA1 only), although
heterogeneous expression of EBNA3 and LMP1
in a small proportion of cases has also been
reported (IARC monograph 2012). In addition,

HIV-Associated Lymphoid Disorders, Fig. 3 (a, c)
Involvement of lymph node and (b) bone marrow by
HIV-associated classic Hodgkin lymphoma (cHL) of the
lymphocyte depletion subtype. (a, b, c) The background is
rich in fibrohistiocytoid cells and is depleted of lympho-
cytes. Rare large Reed-Sternberg (RS) cells with multiple
nuclei and prominent nucleoli are present. (d–f) Lymph
node involved by cHL with several RS cells expressing the
typical phenotype with intense staining for (d) CD30,

(e) CD15, and (b) CD40. (g) RS cells are EBV-infected
as demonstrated by EBER in situ hybridization. (h) The
EBV carry a latency II phenotype as demonstrated by
latent membrane protein 1 expression. (a–c)
Hematoxylin-eosin stain. (d–f, h) Immunohistochemistry,
hematoxylin counterstain. (g) Bright field in situ hybridi-
zation, hematoxylin counterstain. Abbreviations: EBER
Epstein-Barr RNA, EBV Epstein-Barr virus
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studies of HIV-associated BL cases suggest that
microRNAs might be involved in the pathogene-
sis of at least some of the EBV-associated
lymphomas.

DLBCL. Gene-expression profiling studies
have identified at least two major molecular sub-
groups of DLBCL arising in HIV-uninfected
patients. They resemble either germinal center
B cells or activated B cells, establishing a putative
“cell of origin.” These DLBCL subgroups corre-
late with prognosis and may have relevance for
treatment. The role of molecular subgroups in
predicting outcome in HIV-associated DLBCL is
still uncertain. By contrast, IHC analysis of HIV-
associated DLBCL may predict a better overall
survival in the germinal center than in the post-
germinal center subgroup. Most (>90%) HIV-
associated DLBCL contain somatic hyper-
mutations in the immunoglobulin genes. In addi-
tion, approximately two-thirds of these tumors
have BCL6 mutations, and about 50% of cases
have aberrant somatic hypermutations in other
proto-oncogenes such as PIM1, PAX5, RHOH,
and MYC, all of which may contribute to
lymphomagenesis. Structural alterations (gene
rearrangements or point mutations) involving
oncogenes and tumor suppressor genes can
occur, most frequently involving MYC and
BCL6. HIV-associated DLBCL are closely linked
to EBV infection (Fig. 2). In EBV-associated

DLBCL, immunoblastic tumor cells express
EBV-encoded LMP1 (indicating a type II latency
pattern). A subset of DLBCL has a type III latency
pattern as proved by the additional expression of
the EBNA2 protein. HIV-associated DLBCL is
highly angiogenic with markedly higher blood
vessel density than sporadic DLBCL cases.
Preclinical studies are currently underway to
examine the role of EBV in angiogenesis and to
test agents that target antiangiogenic processes in
these HIV-associated lymphomas (IARC mono-
graph 2012).

cHL. In HIV-infected patients, nearly all cases
of cHL are associated with EBV infection and
express a type II latency (Fig. 2). HIV-associated
cHL displays biological peculiarities when com-
pared with cHL of patients not infected by HIV. In
particular, tumor tissue is characterized by an
unusually large proportion of RS cells infected
by EBV. Moreover, the fact that LMP1 is
expressed in virtually all HIV-associated cHL
cases suggests that EBV has an etiological role
in their pathogenesis (IARC monograph 2012).

Differential Diagnosis

INT. In HIV setting unclassifiable lymphomas
with features intermediate between DLBCL and
BL may occur (Fig. 4). These lymphomas, which

HIV-Associated Lymphoid Disorders, Fig. 4 Unclassi-
fiable lymphomas with features intermediate between
diffuse large B-cell lymphoma and Burkitt lymphoma
(at low and high magnification). Neoplastic cells show a

microimmunoblastic morphology. They are medium-sized
and show clear nucleus containing a large nucleolus. (a, b)
Hematoxylin-eosin stain
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have been reported in Africa and inWestern coun-
tries, have also been observed in HIV-uninfected
people (Swerdlow et al. 2008).
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Synonyms

Classical Hodgkin disease

Definition

Classical Hodgkin lymphoma is a clonal
lymphoproliferative disorder of B-cell origin
(Kuppers 2009) composed by a relatively small
number of malignant cells occurring in a reactive
benign inflammatory background.

Clinical Features

• Epidemiology
CHL accounts for approximately 0.6%of all new
cancer cases and 15–30% of all malignant lym-
phomas (Nakatsuka and Aozasa 2006). The inci-
dence of CHL is higher in industrialized nations
than in developing countries. CHL shows a
bimodal age of distribution, with a peak in
young adult (between 15 and 35 years old) and
a second peak in late life after 55 years old. CHL
represents the most common subtype of malig-
nant lymphoma in young people in the Western
world. CHL is rare in children and exceptional
before 3 years old. Male/female ratio is 1.5:1 in
children and older adults and 1:1 in younger
adult patients. The disease is more frequent in
white than hispanic or black people. The inci-
dence is also higher in higher socioeconomic
population. The distribution of histologic sub-
types varies with age.

Persons with previous infectious mononu-
cleosis or immunodeficiency such as HIV have
a high risk for developing CHL, currently
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associated with EBV (Flavell and Murray
2000). HIV infection is associated with 6–20
fold increase in risk of developing CHL
(Biggar et al. 2006). Increased incidence of
Hodgkin’s disease after allogeneic bone mar-
row transplantation has been reported (Garnier
et al. 1996). Familial cases have been
described, in particular in identical twins
(Mack et al. 1995). Polymorphism on
6p21.32 has been associated with the risk of
developing CHL nodular sclerosis (Cozen
et al. 2012).

• Location
CHL is a nodal disease in more than 90% of
cases (Harris 1999). The most frequent site is
the cervical lymph node, followed by axillary
and inguinal lymph nodes. Mediastinal involve-
ment is common. Retroperitoneal lymphadenop-
athy and splenic involvement are frequent. Bone
marrow is involved in only 5% of patients at
diagnosis but may occur more frequently in
advanced disease. Liver involvement can also
be observed more frequently in advanced stage.
Any site of the body can be involved in the
evolution of the disease, exceptionally at the
onset of the disease. Mucosa-associated lym-
phoid tissue and gastrointestinal tract are very
rarely involved. Anecdotal cases of skin involve-
ment or central nervous system disease have
been reported.

• Symptoms
Itmay be asymptomatic, especially with isolated
mediastinal disease. The symptoms are related
to site of organ involvement. B symptoms
consisting of fever, night sweats, and weight
loss are present in approximately 30–40% of
patients, more frequently in advanced stages.
Generalized pruritis and pain in involved
lymph nodes subsequently alcohol ingestion
are very rare symptoms. Hypereosinophilia can
be observed in few cases.

The anatomical distribution of the disease
and the clinical presentation vary according to
the histological subtype (see below).

• Treatment and Evolution
Classical HL is a highly curable disease with
about 90% of cured patients. At diagnosis, the
realization of positron emission tomography

(PET) to optimize the staging of the disease is
currently mandatory. At the PET era, bone mar-
row biopsy could be withdrawn. This staging
allows the definition of early and disseminated
stageswhich is important for treatment decisions.
Important prognostic factors should be defined
for early stage to decide the number of cycles of
ABVD regimen (Adriamycin, Bleomycin, Vin-
blastine, Dacarbazine) and the dose of radiother-
apy. These factors are the age at diagnosis, the
number of involved nodal areas, the presence of
a mediastinal bulky disease, and the erythrocyte
sedimentation rate. These prognostic factors
allow the stratification of patients with favorable
and unfavorable early stages. The lymphoma
study association (LYSA) recommends three
cycles of ABVD followed by an involved field
(IF) radiotherapy of 20 Gy for favorable disease.
For unfavorable early stages, four cycles of
ABVD with 30 Gy IF radiotherapy are
recommended. The 5-year progression-free sur-
vival is 93% and 88% for, respectively, favorable
and unfavorable early stages (Behringer et al.
2016; von Tresckow et al. 2012). The reduction
of RT field size is currently under investigation
with the realization of nodal field to reduce the
long-term secondary effect of radiotherapy
(Raemaekers et al. 2014). For disseminated dis-
eases characterized by Ann Arbor stages III and
IV, treatment is mainly based on chemotherapy.
With ABVD regimen, 5- and 10-year PFS rate
are 68% and 69%, respectively. More intensive
regimens were developed such as escalated
BEACOPP regimen (6 cycles) (Bleomycin,
Etoposide, Adriamycin, Cyclophosphamide,
Vincristine, and Procarbazine) to improve the
results with ABVD regimen (Viviani et al.
2011). In addition, patients with a stage II disease
with B- symptoms and the presence of risk fac-
tors (bulky disease or an extranodal involve-
ment) are currently treated as advanced stages
without radiotherapy. The evaluation of the
response by PET during treatment is important
for adapting therapy. A PET is currently
performed after two cycles of chemotherapy.
For early stages, for patients with a positive
PETafter two cycles of ABVD, a more intensive
treatment with escalated BEACOPP (2 cycles)
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could be proposed before radiotherapy
(Raemaekers 2015). For advanced stages treated
by escalated BEACOPP, a negative TEP
according to international response criteria
using Deauville scale after two cycles could
allow the realization of less intensive chemother-
apy such as ABVD regimen (Casasnovas et al.
2019). Despite the efficacy of first-line therapy,
10% of localized and 20% of disseminated dis-
eases relapse. At relapse, the main prognostic
factors are the presence of a refractory disease,
an early relapse before 12 months since the end
of first-line treatment, and a stage III–IV. For
relapsed patients, salvage regimens are proposed
followed by high-dose chemotherapy (HDT) and
autologous stem cell transplantation (ASCT).
For relapses after HDT + ASCT, about 34% of
patients were in complete response with an anti-
CD30monoclonal antibody drug conjugate to an
anti-microtubule agent (brentuximab vedotin,
BV) (Younes et al. 2012). This target therapy is
now used in consolidation treatment after HDT +
ASCT for some specific clinical situations.
Regarding the important role of the microenvi-
ronment in HL pathogenesis, new therapies were
developed to target the exhaustion of immune
response from HRS cells (Hodgkin Reed Stern-
berg cells). Two anti-PD1 monoclonal anti-
bodies, nivolumab and pembrolizumab, were
developed for HL patients who relapsed after
HDT + ASCT and BV. For these refractory
patients, these checkpoint inhibitors allow 80%
of objective responses rates ORR (Ansell
et al. 2015).

TreatingHL in elderly patients remains also a
therapeutic challenge. These patients represent
20% of all HL. As compared with younger
patients, they presentea more aggressive dis-
ease. Toxicities with current treatments such as
ABVD regimen are frequent with about 5–9%
of toxic deaths. The 5-year PFS and OS rates
with ABVD are 50% and 60%, respectively.
Finally, long-term toxicities are a major concern
in cured HL patients with an excess of cardio-
vascular diseases, secondary and infectious
events as compared to general population.
A specific follow-up of HL survivors should
be performed to prevent or early detect the

occurrence of these long-term side effects. Spe-
cific programs should be developed to support
HL survivors and improve their quality of life.

Macroscopy

Lymph nodes are enlarged with a fish-flesh tumor
on cut section. In scleronodular variant, macro-
scopic examination shows sometimes a nodularity
with nodule circumscribed by dense fibrosis. In
spleen involvement When spleen is involved
scattered nodules with fibrosis can be observed.
Necrosis can be observed.

Microscopy

Tumor Cell Cytology
Reed-Sternberg cells (RSC) are large with abun-
dant, slightly basophilic or amphophilic cyto-
plasm and at least two nuclei or lobes (Fig. 1).
Nuclear membranes are thick and often irregular;
chromatin is pale and there is usually one promi-
nent eosinophilic nucleolus surrounded by a peri-
nucleolar clearing or halo. Mononuclear variant
are called Hodgkin cells (HC). Formalin fixation
may produce a retraction artifact around the HC
and RSC to produce a lacunar cell appearance.
The lacunar cell correspond to a multilobulated
cell with smaller nucleoli than classic RSC and
appear retracted with thin strands of cytoplasm
extending the edges of cell membrane imparting
lacunar spaces. Lacunar cells are associated with
NS subtype (Fig. 1). Mummified cells correspond
to degenerated RSC or HC with hyperchromatic
chromatin and condensed stained cytoplasm with
loss of cellular detail (Fig. 1).

Inflammatory Background
The inflammatory background (Fig. 2) is
composed of variable proportion of small
lymphocytes (B and T), eosinophils, neutrophils,
histiocytes, and plasma cells (Swerdlow 2016).
The number of each cell type varies according to
histological variant. An important granuloma-
tous background, sometimes sarcoidosis-like,
can be observed and should not miss the
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Hodgkin Lymphoma, Classical, Fig. 1 Classical Hodg-
kin lymphoma: tumoral cells (Growth �400). Reed-
Sternberg cells (RSC): large with abundant, slightly

basophilic or amphophilic cytoplasm and at least two
nuclei or lobes. Hodgkin cells (HC): mononuclear variant.
Lacunar cells (LC): formalin fixation produces a retraction
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diagnosis of CHL. Suppurative necrosis can be
observed.

Histological Subtype

Nodular Sclerosis Classic Hodgkin Lymphoma
(NSHL)
NSHL is the most common histological variant,
representing more than 70% of cases of CHL
(Swerdlow 2016). It is the most frequent type in
young patients and higher socioeconomic popula-
tion. It presents currently with cervical, supra-
clavicular, and mediastinal lymph nodes. Bulky

disease is seen in about half of cases. Clinical
presentation is often with B symptoms and with
stage II disease.

NSHL is characterized by a nodular pattern
with a fibrous thickening of the lymph node cap-
sule and thick fibrous bands around the nodules
(Fig. 3). The nodules are composed of a heteroge-
neous inflammatory background with variable
numbers of intermingled Hodgkin or Reed-
Sternberg cells that are circumscribed by bands
of collagen. At least one nodule must be
surrounded by the fibrous bands. EBV is detected
in 10–25% of cases.

��

Hodgkin Lymphoma, Classical, Fig. 1 (continued) arti-
fact around the HC and RSC to produce a lacunar cell
appearance. Mummified cells (MC): degenerated RSC or

HC with hyperchromatic chromatin and condensed stained
cytoplasm with loss of cellular detail

Hodgkin Lymphoma, Classical, Fig. 2 Classical Hodg-
kin lymphoma: inflammatory background. The inflamma-
tory background is composed of variable proportion of
small lymphocytes, eosinophils, neutrophils, histiocytes,

and plasma cells. The number of each cell type varies
according to histological variant. An important granulo-
matous background, sometimes sarcoidosis-like, can be
observed as well as suppurative necrosis
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Mixed Cellularity Classic Hodgkin Lymphoma
Mixed cellularity CHL (MCCHL) comprises
about 20–25% of CHL (Swerdlow 2016).
Peripheral lymph nodes are commonly involved,
and the spleen is involved in 30% of cases. The
lymph node architecture is effaced, although an
interfollicular pattern may be seen. MCCHL
may show a vaguely nodular pattern of growth
with classical RSC among a mixed inflammatory
background but without nodular sclerosing
fibrosis (Fig. 4). Nodular pattern is less pro-
nounced than in NSCHL. Sclerosis may be pre-
sent but not in the form of the circumscribing
broad bands of fibrous tissue that identifies
NSCHL. Background reactive cells are a mixture
of small lymphocytes, eosinophils, plasma cells,
and epithelioid histiocytes with sometimes

Hodgkin Lymphoma, Classical, Fig. 3 Classical Hodg-
kin lymphoma: nodular sclerosis subtype (NSHL). NSHL
is characterized by a nodular pattern with a fibrous thick-
ening of the lymph node capsule and thick fibrous bands
around the nodules (a–c, growth �15). The nodules are

composed of a heterogeneous inflammatory background
with variable numbers of intermingled Hodgkin or Reed-
Sternberg. At least one nodule must be surrounded by the
fibrous bands. The diagnosis can be difficult in small
microbiopsy (d)

Hodgkin Lymphoma, Classical, Fig. 4 Classical Hodg-
kin lymphoma: mixed cellularity subtype. The large atyp-
ical cells are admixed in a diffuse infiltrate of mixed
inflammatory cells: histiocytes, small lymphocytes, eosin-
ophils, and plasma cells with various proportion of each
component
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granulomatous reaction. EBV is associated in
75% of the cases.

Lymphocyte-Rich Classic Hodgkin Lymphoma
Lymphocyte-rich CHL represents about 5% of
CHL (Swerdlow 2016). It presents with certain
clinical and morphological similarity with
NLPHL, that can explain sometimes the difficul-
ties in differential diagnosis. The median age is
more similar to that NLPHL and higher than other
subtypes of CHL.Mediastinal involvement, bulky
disease, and B symptoms are uncommon. Most
cases presented with localized lymphadenopathy
with stage I or II. Multiple relapses seem to occur
less frequently than in NLPHL. Survival seems to
be better than in the other subtypes, more similar

to that observed in NLPHL. The architecture is
usually nodular, less frequently diffuse. The nod-
ules are composed of small B-cell lymphocytes
with sometimes small eccentrically located germi-
nal center (Fig. 5). The tumor cells predominate in
the small lymphocytes nodule. Eosinophils and
neutrophils are usually absent.

Lymphocyte-Depleted Classic Hodgkin
Lymphoma
Lymphocyte-depleted CHL is the rarest subtype of
CHL (<1% of cases) (Swerdlow 2016). Patients are
more older males with HIV infection. It presents
more frequently with stage II and B symptoms.
Histologically it is characterized by sheets of large
atypical cells with less inflammatory background

Hodgkin Lymphoma, Classical, Fig. 5 Classical Hodg-
kin lymphoma: lymphocyte rich and lymphocyte depleted.
Left (a, b) lymphocyte-rich subtype; the architecture is
usually nodular. The nodules are composed of small
B-cell lymphocytes PAX5+ and IgD+ with sometimes
small eccentrically located germinal center with some sim-
ilarity with NLPHL except the phenotype of the tumor

cells (CD30+). The tumor cells predominate in the small
lymphocytes nodule. Eosinophils and neutrophils are usu-
ally absent. Right (c, d) lymphocyte-depleted subtype;
histologically it is characterized by sheets of large atypical
cells with less inflammatory background and a diffuse
fibrosis. The cells can be more pleomorphic- or
anaplastic-like than in other subtype
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and a diffuse fibrosis (Fig. 5). The cells can be more
pleomorphic- or anaplastic-like than in other
subtypes.

In several cases, CHL remains unclassified,
especially with the use of small microbiopsy at
diagnosis. Interfollicular involvement of CHL can
occur. Relapse CHL retains usually the initial
histologic subtype. A diagnosis of CHL in extra-
nodal site should be done with caution. The
immunohistochemical study is mandatory in
every situation to confirm the diagnosis of CHL
suspected by morphology in any site.

Immunophenotype

The neoplastic cells lack CD45 and are character-
ized by CD30 and CD15 expression (Swerdlow
2008). CD15 and CD30 are typically expressed in

the cell membrane with accentuation in the Golgi
(Fig. 6). Staining of CD15 is frequently weaker than
CD30 and can be restricted to the Golgi giving a
dot-like staining. CD15 is also less frequently pos-
itive than CD30 and more partially expressed. The
B-cell origin of CHL is further supported by the
expression of B-cell-specific activator protein
PAX5/BSAP, with weaker staining in RSC than in
reactive B cells and inconstant and heterogeneous
expression of other B-cell marker as CD20�/+ and
CD79a�/+ and lack of other transcription factor
OCT-2 and Bob.1. Up to 20% of cases may stain
for CD20 but with heterogeneous and faint staining.
PAX5 is very helpful in the differential diagnosis
with other lymphoma with RS cell especially with
anaplastic large cell, T-cell lymphoma. IRF4/
MUM1 is consistently positive in CHL. Other
markers of RS cell are CD25, CD71, CD40, and
HLA-DR, but not very useful in routine practice.

Hodgkin Lymphoma, Classical, Fig. 6 Classical Hodg-
kin lymphoma: immunohistochemistry – the large Hodg-
kin or Reed-Sternberg tumoral cells express CD30, CD15

(frequently faint and focal), and PAX5 (more faint than
small B cell). The microenvironment is rich in CD3 T cells
with rosetting around the tumoral cells
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Atypical expression of cytotoxic or T-cell markers
can occur. EMA and ALK1 are negative.

CHL shows a EBV latency type II pattern of
viral gene expression (EBERS+, LMP1+,
EBNA1+, LMP2A+, EBNA2-) (Kapatai and
Murray 2007). Immunohistochemistry for latent
membrane protein 1 (LMP1) and nonradioactive
in situ hybridization for EBV-encoded early
RNAs (EBERS) are the methods of choice for
the detection of EBV in FFPE samples in routine
diagnosis (Isaacson et al. 1992). LMP1 and EBER
are expressed much more frequently in MCCHL
(about 75%) than in other subtypes. Children and
older patients are more likely to have EBV+ CHL.
As in healthy patient, EBERs-positive small
B cells can be observed in the inflammatory back-
ground of CHL, the so-called bystander
lymphocytes.

Immune checkpoint ligands, PD-L1 and
PD-L2, are expressed on the surface of malignant
cells in 65–100% of CHL (Savage and Steidl
2016) resulting from chromosome 9p24.1 abnor-
malities identified in 97% of CHL. PD1 are fre-
quent in the inflammatory background.

The inflammatory background lymphocytes of
CHL are predominantly CD4-positive T cells and
correspond to immunosuppressive regulatory
T cells. The nodular pattern in LRCHL is charac-
terized by nodule of small B cells.

Pathogenesis and Molecular Features

HRS cells show a deregulated activation of
numerous signaling pathways, which is mediated
by cellular interactions with the lymphoma micro-
environment and by genetic lesions (Kuppers
2012).

Postulated Cell of Origin
HRS cells are derived from mature B cells. Most
cases demonstrated hypermutated Ig genes con-
sistent with post-germinal center B-cell origin.
However despite a B-cell origin, the HRS cells
have lost most of the B-cell markers and show a
very unusual expression of many markers of other
hematopoietic cell lineages. The bi- or multi-
nucleated HRS cells most likely derive from the

mononuclear Hodgkin cells through a process of
incomplete cytokinesis (Rengstl et al. 2013).

Genetic Lesion and Molecular Pathogenesis
Hyperploidy and various cytogenetic abnormalities
are detected in nearly 100% of RS cells. Recurrent
genetic lesions inHRS cells often involvemembers
of the nuclear factor-kB (NF-kB) and JAK/STAT
pathways and genes involved in major histocom-
patibility complex expression. HRS cells show
strong constitutive activity of the transcription fac-
tor NF-kappaB (Steidl et al. 2010; Liu et al. 2014).
Many mutations and structural alterations in the
genes involved in these pathways leading to con-
stitutive activity, including chromosomal gains,
overexpression of pathway genes, and inactivating
mutations of tumor suppressor genes have been
described. Multiple mechanisms likely contribute
to this deregulated activation, including signaling
through particular receptors and genetic lesions.
Recently, receptor tyrosine kinase signaling has
been reported to play an important role in the
pathogenesis of HL. In particular, the surface
receptors mesenchymal-epithelial transition factor
(c-MET) (Neagu et al. 2015), tyrosine receptor
kinase A (TRKA), and discoidin domain receptor
tyrosine kinase 2(DDR2) are expressed and medi-
ate survival signaling in HRS cells through para-
crine signaling.

Importance of the Microenvironment
Although the malignant HRS cells gain a survival
advantage by deregulated transcription factor net-
works and genetic lesions altering intrinsic signal-
ing, the fully developed proliferation and
antiapoptotic phenotype of HRS cells are critically
dependent on their interaction with the microenvi-
ronment (Tudor et al. 2014). HL is particular and
unique among all cancers because malignant cells
are outnumbered by reactive cells in the tumor
microenvironment andmake up only approximately
1% of the tumor. Expression of a variety of cyto-
kines and chemokines by the HRS leads to an
abnormal immune response, perpetuated by addi-
tional factors secreted by reactive cells in the micro-
environment. The reactive cells in the
microenvironment produce specific cytokines and
chemokines that help to maintain and even to
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amplify the intense inflammatory reaction. The
malignant HRS manipulates the microenvironment,
permitting them to develop fully their malignant
phenotype and to evade host immune attack. The
attracted cells enhance the pro-survival and growth
stimulating signals for the tumor cells. To escape
from an effective antitumor response, tumor cells
avoid recognition by T and NK cells, by down-
regulating HLA molecules and modulating NK
and T-cell receptors. In addition, the tumor cells
produce immunosuppressive cytokines that inhibit
cytotoxic responses. In this process HRS cells are
reprogrammed to cells resembling undifferentiated
hematopoietic progenitor cells. HL is thus a unique
example to demonstrate the plasticity of human
lymphoid cells.

EBV
EBV infection is associated with CHL in about
40% of cases in Western countries and 90% in
African countries (Kapatai and Murray 2007).
The EBV infection is clonal and occurs probably
early in the pathogenesis, with a latency type II
(expression of EBNA1, LMP1, and LMP2a).
EBNA1 is important for episomal replication in
proliferating cells. LMP1 simulates CD40 receptor
B. LMP2a presents a cytoplasmic domain mimick-
ing signalization pathway of the BCR.

Major Molecular Features
The genomic landscape of Hodgkin lymphoma is
not extensively studied considering the low number
of tumor cells in a stroma-rich microenvironment
(Liu et al. 2014; Liang et al. 2019; Jardin et al.
2016). Ten to 20% of patients have a high mutation
burden, which in cancers may indicate sensitivity to
immune checkpoint inhibitors. The most com-
monly mutated genes reported were TP53 (tumor
protein p53), B2M (béta-2 microglobulin), and
XPO1 (exportin 1). Components of JAK/STAT sig-
naling pathway are affected by frequent mutations
of SOCS1 (suppressor of cytokine signaling 1) and
STAT6 (signal transducer and activator of transcrip-
tion 6) as well as copy number gains of JAK2.
Involvement of nuclear factor-kB (NF-kB) path-
way compounds is represented by recurrent gains
of the locus containing the REL gene and mutations
in TNFAIP3 (tumor necrosis factor, alpha-induced

protein 3) and CARD11. Finally, genetic alterations
of PD-L1 and B2M suggested immune evasion as
mechanisms of oncogenesis in some patients.

Mutations in XPO1 and SOCS1 have also been
reported in primary mediastinal B-cell lymphoma
especially a recurrent hotspot mutation of XPO1
E571K. Emerging evidence suggests that the
mutant XPO1 E571K plays a role in carcinogen-
esis, and this variant is quantifiable in tumor and
plasma cell-free DNA of patients using highly
sensitive molecular biology techniques, such as
digital PCR and next-generation sequencing
(Jardin et al. 2016). The mutation can be detected
in plasma cell-free DNA, and patients with a
detectable XPO1 mutation at the end of treatment
seem to display a tendency toward shorter
progression-free survival, as compared to patients
with undetectable mutation. Therefore, it was pro-
posed that the XPO1 E571K variant may serve as
a minimal residual disease tool in this setting. In
addition patients with SOCS1 major mutations
seem to suffer from early relapse and significantly
shorter overall survival.

Differential Diagnosis

Hodgkin or Reed-Sternberg-Like Cells in
Reactive Lymphadenopathies or Non-
Hodgkin Lymphomas
Large atypical cells with morphologic and
immunophenotypic features resembling RSC can
be seen in the background of reactive lymphade-
nopathies as well as non-Hodgkin lymphomas or
non-hematopoietic tumor (Gomez-Gelvez and
Smith 2015). The presence of these cells is an
important diagnostic pitfall that must be recog-
nized by pathologists. A thorough evaluation of
the morphologic and immunophenotypic features
of these cells and the cellular milieu is crucial to
achieve the correct diagnosis. These cells are
commonly seen in high-grade lymphomas, rare
cases of low-grade B-cell and T-cell lymphomas.
Among low-grade B-cell lymphomas, RS-like
cells can be seen in chronic lymphocytic leuke-
mia/small lymphocytic lymphoma (CLL/SLL),
follicular lymphoma, mantle cell lymphoma, or
marginal zone lymphoma. Sometimes proof of
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clonal relationship between HRS cells and small
or large cell lymphoma is useful to distinguish
these cases from true composite non-Hodgkin
lymphoma and CHL. Both CD30 and CD15 can
also be expressed in a non-hematopoietic tumor.

In reactive condition, infectious mononucleosis
can be difficult to distinguish with Hodgkin lym-
phoma and affect usually teenagers and young
patients. However cases after 40–50 years old are
reported. In this condition the lymph node architec-
ture is partially preserved with extensive prolifera-
tion of immunoblast occasionally mononucleated or
polynucleated with prominent nucleoli resembling
Hodgkin or Reed-Sternberg cells and expressing
CD30 without CD15 and expressing B-cell
markers. The activated B cells are also EBVassoci-
ated expressing EBNA-2+, LMP1+, and EBERS+.
Some large immunoblastic cells are also of T-cell
phenotype. Most of the small lymphocytes in the
background are T cytotoxic CD8+ lymphocytes.

In chronic lymphocytic leukemia/small lym-
phocytic lymphoma (CLL/SLL), scattered
RS-like cells can be observed in the background
of neoplastic cells. They may express CD20 and
CD30 and are typically negative for CD15. How-
ever, in some cases, they may show expression of
CD30 and CD15 as well as EBV positive, making
them virtually indistinguishable from the true RS
cell of CHL. When RS-like cells are seen in the
context of CLL/SLL, this is commonly referred to
as CLL/SLL with HRS cells. These cases should
not be diagnosed as Hodgkin lymphoma. The
diagnosis of Hodgkin lymphoma (Richter syn-
drome) in the setting of CLL requires classical
RS cells in an appropriate background. But
CLL/SLL with scattered HRS cells may represent
precursor lesions for CHL (Xiao et al. 2016).

In follicular lymphoma, RS-like cells may be
seen between or within the neoplastic follicles and
can express CD30 (Son and Huh 2014). As
opposed to CLL/SLL cases, the RS-like cells
seen in follicular lymphomas are not associated
with Epstein-Barr virus infection.

In T-cell lymphomas, RS-like cells can be
observed especially in angioimmunoblastic
T-cell lymphoma but also in peripheral T-cell
lymphomas (Nicolae et al. 2013). The RS-like
cells demonstrate expression of CD30, CD20,

and occasionally CD15 and are commonly asso-
ciated with EBV.

NLPHL
The differential diagnosis with NLPHL can be
difficult, especially with lymphocyte-rich CHL
variant. The morphology and cytology can be
similar in both entity, but the immunohistochem-
istry is very helpful for the differential diagnosis.
Both show usually a nodular small B CD20+
lymphocyte-rich pattern. In contrast to CHL, the
lymphoma cells of NLPHL express CD20,
CD79a, CD45, and EMA, sometimes IgD, but
are usually negative for CD15, CD30, and EBV
(Savage et al. 2016). Nonneoplastic CD30+
immunoblasts can be observed in the peri-
follicular area that will be not misinterpreted as
Hodgkin cells.

Primary Mediastinal Large B-Cell Lymphoma
(PMBL)
It has long been recognized that there is distinct
clinical and pathologic overlap between PMBL
and NSCHL. Indeed a molecular gene expression
signature reminiscent of nodular sclerosis subtype
of CHL has been identified in PMBL (Savage
et al. 2003). Both PMBL and NSCHL commonly
present in young patients as localized, mediastinal
tumors. PMBL shows a diffuse growth pattern of
large cells with a pale or “clear” cytoplasm, some-
times RS-like, and variable degrees of sclerosis.
PMBL tumors often lack surface Ig, a feature that
also typifies the HRS cell. CD30 can be expressed
but is usually weak and inhomogeneous in con-
trast to the uniform and strong expression seen in
CHL or anaplastic large cell lymphoma. MAL
(lipid raft component) has been identified as
being differentially expressed in PMBL and
found in only few cases of NSCHL (Copie-
Bergman et al. 1999). PMBL malignant cells and
HRS cells also exhibit common genetic abnormal-
ities, including gains of chromosome 2p and 9p,
the latter being unique to these two diseases. In
addition to these striking clinical, immunologic,
and molecular similarities, there are rare reported
cases of composite or sequential NSCHL and
PMBL (Sarkozy et al. 2017; Traverse-Glehen
et al.2005a). However the differential diagnostic
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is often easy as, unlike HRS cells, PMBL tumor
cells retain several B-cell differentiation markers
(e.g., CD20, CD79a), and, histologically, they
appear more similar to other DLBCLs and usually
lack HRS cells. The brisk inflammatory back-
ground seen in CHL is usually absent in PMBL.
The case with difficulties in the differential diag-
nosis should be classified as mediastinal gray zone
lymphoma or unclassified large B-cell lymphoma
with intermediate feature between PMBL and
CHL (Sarkozy et al. 2019). This category has
been included in the 2008 WHO classification
as a provisional entity and has been approved
as an entity in the updated 2016 WHO
classification.

Mediastinal gray zone lymphoma shows
intermediate morphology and phenotype
between CHL and PMBL (Sarkozy et al. 2019;
Traverse-Glehen et al. 2005b): CHL-like with
tumoral cells resembling Hodgkin lymphoma
cells with less inflammatory background and
sheet of large cells or PMBL-like with larger
and more pleomorphic cells than in typical
PMBL and some cells resembling bi- or multi-
nucleated Reed-Sternberg cells. Cases with
CHL-like morphology had a strong and diffuse
CD30 and CD20 expression. They also
expressed one or several B-cell transcription fac-
tors (OCT2, BOB1, PAX5) (O’Malley et al.
2016). Cases with PMBL-like morphology are
CD30 positive usually with and high and
diffuse expression. CD30 weak cases occur but
with CD15 positive. CD20-negative cases had
an expression of CD79a or of B-cell transcrip-
tion factors with an expression of CD30
or CD15.

THRLBCL
T-cell/histiocyte-rich large B-cell lymphoma
(THRLBCL) represents a distinct subtype of dif-
fuse large B-cell lymphoma and is characterized
by the presence of scattered large neoplastic
B cells in a background of abundant T cells and
histiocytes (Tousseyn and De Wolf-Peeters
2011). The differential diagnosis of THRLBCL
from Hodgkin’s lymphoma is facilitated by the
integration of different immunophenotypic,
molecular, and clinical findings. Diagnostic

criteria for THRLBCL is a predominant diffuse
growth pattern without nodular dendritic cell
meshwork and scattered atypical large B cells
and a reactive population of small T cells with
histiocytes. THRLBCL may exhibit HRS-like
cells, closely mimicking diffuse variant of
lymphocyte-rich CHL or NLPHL. The charac-
terization of the reactive background, IgH gene
rearrangement studies by conventional PCR, and
clinical features are useful for the differential
diagnosis. The scattered large B cells in
THRLBCL can be distinguished from Hodgkin’s
lymphoma cells by the absence of CD30 and
CD15 with a B-cell phenotype CD20+, PAX5+,
and CD79a+.

Anaplastic Large Cell Lymphoma (ALCL)
CHL and ALCL share many common features
such as CD30 expression and loss of B- and
T-cell markers, and the distinction can be difficult
especially in ALCL ALK-. The distinction is of
major importance since, in contrast to ALCL,
CHL can be cured in more than 90% of cases.
The expression of PAX5 in HRSC and the expres-
sion of cytotoxic markers (granzyme, perforin, or
Tia1) on anaplastic cells can help in the differen-
tial diagnosis (Doring et al. 2014). However rare
cases of CHL can express cytotoxic molecules in
tumor cells, and PAX5-negative HRSC can be
observed. For difficult cases molecular study for
clonality is helpful for the differential diagnosis.

EBV+ Lymphoproliferative Disorders and
EBV+ DLBCL
EBV-associated lymphoproliferative disorder or
EBV-associated lymphoma frequently presents
scattered HRS-like cells. In those cases RS cells
express pan-B-cell marker with variable expres-
sion of CD30 and negativity of CD15.

Composite Lymphoma
Composite lymphomas are defined as two
unrelated lymphomas occurring at the same
time within the same tissue. The incidence of
these tumors is low. Of all possible combinations
between lymphomas, concurrent CHL and non-
Hodgkin lymphoma may occur and may be
genetically related. More commonly composite
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lymphoma of CHL can occur with follicular
lymphoma, marginal zone lymphoma, and man-
tle cell lymphoma and less frequently peripheral
T-cell lymphoma. Sometimes, the two compo-
nents of CHL and NHL are clonally related and
suggest a shared origin from a common B-cell
precursor.
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Frankfurt/Main, Frankfurt/Main, Germany

Synonyms

Nodular paragranuloma

Definition

Nodular lymphocyte-predominant Hodgkin
lymphoma (NLPHL) is a subtype of Hodgkin
lymphoma (HL) with distinct clinical, mor-
phological, immunophenotypical, and molecular
features.

Clinical Features

• Incidence
HL has an incidence of 3:100,000 (Küppers
et al. 2012). NLPHL constitutes between 5%
and 16% of all HL cases (Saarinen et al. 2013),
depending on locoregional differences.
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• Age
NLPHL affects patients of a broad age range.
This includes pediatric patients from the age of
approximately 5 years up to elderly patients
around 80 years (Anagnostopoulos et al.
2000; Shankar et al. 2015). The median age is
40 years.

• Sex
NLPHL shows an important predominance of
the male gender with around 75% of patients
being males (Anagnostopoulos et al. 2000).
Male patients have a sixfold increased risk of
relapse (Hartmann et al. 2013b).

• Site
NLPHL affects primarily lymph nodes. Most
frequently axillary, cervical, and inguinal
lymph nodes are affected. Patients with
advanced stages usually show involvement
of the liver and spleen. The bone marrow
may likewise be affected in advanced stages.
In relapsed patients, NLPHL can also present
with infiltrates in unusual extranodal locations
like, e.g., the lung.

• Treatment
Until recently, the treatment of NLPHL did not
relevantly differ from classical HL. Involved
field radiotherapy had the lowest risk of toxic
effects in early stages of NLPHL (Eichenauer
et al. 2015). In pediatric patients with stage I,
some centers prefer a watch and wait strategy, as
it was shown that only around 50% of the
patients develop relapses without treatment
when the lymphoma infiltrated lymph node
was completely excised (Mauz-Korholz et al.
2007). In recent years, as targeted therapies
have become available, treatment of NLPHL
differs increasingly from classical HL since the
tumor cells of NLPHL, the LP cells, are positive
for CD20, have a preserved B-cell receptor
(BCR) signaling, and lack CD30 expression.
Therefore targeting CD20 and the BCR path-
way seems promising in contrast to targeting
CD30, which is usually not expressed in the
LP cells. However, patients treated exclusively
with rituximab presented a higher rate of
relapses when compared with patients treated
by radiotherapy (Eichenauer et al. 2011).

Therefore combined modality approaches
should be considered at least in patients with
advanced disease (Shankar et al. 2017). As LP
cells are mainly negative for PD-L1 (Chen et al.
2013), from an academic standpoint, checkpoint
inhibitors are not likely to be effective in this
patient population. However, clinical trials eval-
uating these novel drugs are so far missing.

• Outcome
NLPHL is diagnosed in a localized stage in
most patients and has an excellent prognosis.
The overall survival in these localized stages is
around 99% (Eichenauer et al. 2015) and is
even better than in classical HL. However,
NLPHL patients more frequently develop late
relapses, which can occur even after 20 years
(Al-Mansour et al. 2010; Biasoli et al. 2010).
Usually, these can still very well be treated.
However, a certain number of patients develop
a transformation into a diffuse large B-cell
lymphoma (DLBCL) in the relapse situation,
which requires more aggressive treatment.
Some patients are already initially diagnosed
with a composite lymphoma of NLPHL and
clonally related DLBCL (Hartmann et al.
2014b), which is particularly the case in
patients with longer standing disease or with
intraabdominal masses.

Macroscopy

Lymph nodes affected by NLPHL are usually
markedly enlarged with sizes ranging around
5 cm. This is probably related to the slowly
growing nature of NLPHL. The cut surface is
gray tan, and often already macroscopically a
nodular aspect is observed.

Microscopy

Generally, lymph nodes involved by NLPHL
present an abundant microenvironment with only
few LP cells, which usually represent less than 1%
of the infiltrate (Küppers 2009). LP cells are rela-
tively large cells with a high nuclear-cytoplasmic
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ratio and lobulated nuclei, which often resemble
popcorn and are therefore sometimes also called
popcorn cells (Fig. 1). In 2003, six different his-
topathological NLPHL growth patterns were
described by Fan et al. (2003) (Fig. 2). These
patterns include two variants (A and B) with
nodular infiltrates composed mainly of small

reactive B cells which contain scattered tumor
cells. The other patterns (C–E) are characterized
by a T-cell-rich background which can contain
variable amounts of histiocytes (pattern E).
Whereas in patterns C and D, the nodular structure
is preserved, pattern E frequently has extensive
areas with a purely diffuse infiltrate and a high
histiocyte content and can therefore easily be con-
fused with T-cell-/histiocyte-rich large B-cell lym-
phoma, particularly in fine needle biopsies.
Finally, pattern F shows LP cells in a diffuse B-
cell-rich background. Whereas these different
patterns are difficult to recognize in HE staining,
they become visible in the CD20 immunohisto-
chemical staining which both highlights the neo-
plastic LP cells and reactive bystander B cells.
Atypical patterns C–F more frequently present
with an advanced stage and are at higher risk
to develop a relapse (Hartmann et al. 2013b).
NLPHL cases with pattern E according to Fan
et al. (2003) usually have clinical features indis-
tinguishable from T-cell-/histiocyte-rich large
B-cell lymphoma (THRLBCL) (Hartmann et al.
2013a).

Hodgkin Lymphoma, Nodular Lymphocyte Predom-
inant, Fig. 1 LP cells of NLPHL are highlighted by
arrows (HE staining, 400x)

Hodgkin Lymphoma, Nodular Lymphocyte Predom-
inant, Fig. 2 Six different NLPHL growth patterns
as described by Fan et al. (2003). (a) Classical, B-cell-
rich nodular pattern. (b) Serpiginous-interconnected

pattern. (c) Prominent extranodular LP cells. (d) T-cell-
rich nodular pattern. (e) Diffuse THRLBCL-like pattern.
(f) Diffuse moth-eaten B-cell-rich pattern. CD20
immunostaining, 40x
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Immunophenotype

LP cells have an immunophenotype comparable
to germinal center (GC) B cells and express
CD20, CD79a, CD19, PAX5, OCT2, and BCL6
(Küppers 2009). In contrast to GC B cells, they
are usually negative for CD10 and weakly express
BCL2 andMUM1. Approximately 1/3 of NLPHL
shows IgD expression in the LP cells; these are
particularly young male patients (Prakash et al.
2006). Apart from IgD expression in a subset
of NLPHL and the usually observed absence of
CD10 expression, there is no marker, which
clearly differentiates between LP cells and reac-
tive GC B cells. In contrast to Hodgkin-Reed-
Sternberg cells of classical HL, LP cells are
negative for CD30, CD15, and EBV in the vast
majority of cases (Anagnostopoulos et al. 2000;
Hartmann et al. 2014a; Huppmann et al. 2014).
When double stainings are applied, it also
becomes clear that CD30- and CD15-positive
and EBV-infected cells do not represent the
neoplastic population in most cases with positive
cells (Hartmann et al. 2014a). However, there
are cases which express CD30 or CD15 in the
LP cells, and these cases are more frequently
found among NLPHL with transformation into
aggressive B-cell lymphoma (Hartmann et al.
2014b). Also very rare cases with EBV-infected
LP cells exist (Anagnostopoulos et al. 2000;
Huppmann et al. 2014). LP cells can be positive

for HIGD1A, BAG6, FAT10, CXCL13, and ICOS
in a subset of NLPHL cases (Hartmann et al.
2013a). Apart from ICOS and CXCL13, these
markers are also expressed by germinal center
(GC) B cells.

Despite the fact that there is no clearly discrim-
inative marker between LP cells and GC B cells,
OCT2 beautifully highlights the LP cells in
the background of OCT2-weakly positive mantle
zone B cells (Fig. 3). However, to make the diag-
nosis of NLPHL, an integration of immunohisto-
chemical and morphologic parameters is required.
This also extends to the presence of rosetting
T cells around the neoplastic LP cells. Rosetting
T cells are most frequently found in the nodular
patterns (A and B according to Fan et al. (2003))
but can also occur in all other patterns at a lower
frequency. Particularly in fine needle biopsies,
the presence of rosetting T cells can help to delin-
eate NLPHL from reactive conditions. Rosetting
T cells are positive for CD3 and PD1 and can
be positive for CXCL13, ICOS, and MUM1.
A subpopulation of follicular T helper cells
rosetting around LP cells if furthermore CD57-
positive (Sattarzadeh et al. 2015), which is typical
for NLPHL. In the cases with typical nodular
NLPHL infiltrates, rosetting T cells are much
more frequently observed than in NLPHL cases
with atypical growth patterns and particularly
the cases with T-cell-/histiocyte-rich large B-cell
lymphoma-like areas (Churchill et al. 2010;

Hodgkin Lymphoma, Nodular Lymphocyte Predom-
inant, Fig. 3 Typical NLPHL growth pattern in Oct2
staining, highlighting the LP cells by a strong nuclear and

weak cytoplasmic staining and showing a weaker nuclear
staining in all reactive B cells. (a) 50x, (b) 300x
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Hartmann et al. 2013a). In the microenvironment
of NLPHL, furthermore, a double-positive
CD4+CD8+ T-cell population has been identified,
which can help in establishing the diagnosis
of NLPHL when flow cytometry is applied
(Rahemtullah et al. 2006, 2008).

Molecular Features

The LP cells of NLPHL show mutated immuno-
globulin genes with an intraclonal diversity of
mutations, known as ongoing somatic hyper-
mutation (Braeuninger et al. 1997). This indicates
that they derive from GC B cells. BCL6 is proba-
bly the most important deregulated gene in
NLPHL, which acts as an oncogene. LP cells are
strongly BCL6-positive in all NLPHL cases
(Carbone et al. 1998; Hartmann et al. 2014b). In
approximately 1/3 of NLPHL cases, the LP cells
present translocations affecting the BCL6 locus
(Wlodarska et al. 2003). The translocation part-
ners include immunoglobulin (IG) and non-IG
genes (Renné et al. 2005). Further cases present
genomic gains of the BCL6 locus (Bakhirev et al.
2014). Moreover, like in classical HL, genomic
gains of the REL locus have been found in LP
cells, which, however, correlated only in few
cases with nuclear REL protein expression
(Hartmann et al. 2015a). Somatic mutations of
PIM1, RhoH/TTF, MYC, PAX5, SOCS1, DUSP2,
JUNB, and SGK1 have been observed in the LP
cells (Hartmann et al. 2016; Liso et al. 2006;
Mottok et al. 2007). PIM1, RhoH/TTF, MYC,
PAX5, and SOCS1 were shown to be targets
of aberrant somatic hypermutation in LP cells.
For SOCS1 even an intraclonal diversity of indi-
vidual mutations with a stepwise accumulation of
mutations was observed in line with ongoing
somatic hypermutation in LP cells. In contrast,
mutations of DUSP2, JUNB, and SGK1 occurred
only in part in RGYW motifs, but these were
not significantly enriched, indicating that other
mechanisms apart from aberrant somatic hyper-
mutation contribute to the mutational landscape of
LP cells. Application of a specific SGK1 inhibitor
could induce a high rate of apoptotic cells in the
NLPHL cell line DEV, which strongly expresses

SGK1 (Hartmann et al. 2016). It was furthermore
observed that chromothripsis can occur in the
transformation into DLBCL (Hartmann et al.
2016). Related to the defects in the SOCS1 gene,
LP cells have an active JAK-STAT signaling. Fur-
thermore, NF-kappaB signaling is constitutively
active in LP cells (Brune et al. 2008).

Familial cases of NLPHL have been described.
In one Finnish series, these could be correlated to
germline NPAT mutations (Saarinen et al. 2011).

Differential Diagnosis

Various differential diagnoses to NLPHL exist.
The first and most important as well as most
difficult differential diagnosis to the histopatho-
logical NLPHL variants C–E is THRLBCL. Since
the immunophenotype of the LP cells in NLPHL
is usually identical to the one observed in
the tumor cells of THRLBCL, the diagnosis
of NLPHL and THRLBCL depends very much
on the composition and distribution of microenvi-
ronmental cells, in particular reactive B cells,
T cells, and histiocytes/epithelioid cells. Whereas
in NLPHL pattern E, according to Fan et al.
(2003), the criterium for the diagnosis of
NLPHL is the presence of at least one typical
NLPHL nodule, the immunophenotype of
the tumor cells and the microenvironment, which
is rich in histiocyte and epithelioid cells, can be
indistinguishable from THRLBCL. In contrast, in
the NLPHL variants C and D according to Fan
et al. (2003), the microenvironment is dominated
by T cells with variable amounts of B cells, small
numbers of histiocytes, and usually some retained
nodularity. Thus, these NLPHL variants can
usually be well differentiated from THRLBCL,
although the immunophenotype of the tumor
cells may be identical.

Another differential diagnosis to NLPHL
represents classical HL with a preserved B-cell
phenotype. Many of these cases show EBV-
infected tumor cells, and thus NLPHL can be
excluded. In cases which do not show one of the
typical Fan growth patterns (Fan et al. 2003) and
which do not present an immunophenotype typi-
cal for NLPHL, classical HL as differential
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diagnosis to NLPHL must be excluded. Whereas
in NLPHL LP cells can sometimes show a posi-
tivity for either CD30 or CD15, in Hodgkin-Reed-
Sternberg (HRS), cells in classical HL are fre-
quently positive for both CD30 and CD15. In
CD20-positive classical HL cases, CD20 is fre-
quently only weakly and variably expressed by
the HRS cells, and other B-cell markers are
lacking. LP cells in NLPHL sometimes present
a slightly downregulated CD20 (and can even be
CD20-negative in relapses after rituximab ther-
apy), but other B-cell markers usually remain
expressed (Tedoldi et al. 2007). OCT2 and
BOB.1 are usually strongly and homogeneously
expressed in the LP cells, whereas the majority of
classical HL cases show absence or a weak and
heterogeneous labeling of HRS cells by OCT2
and BOB.1 (Stein et al. 2001). Another transcrip-
tion factor, which is usually expressed in LP cells
of NLPHL, but absent in HRS cells of classical
HL, is PU.1 (Torlakovic et al. 2001). PU.1 regu-
lates the expression of immunoglobulin and other
genes that are important for B-cell development.
Consistently, IgD expression and a preferential
kappa light chain restriction can be observed
in the LP cells of NLPHL, but not in the HRS
cells of classical HL (Prakash et al. 2006; Schmid
et al. 1991).

On the other hand, various types of peripheral
T-cell lymphomas presenting Hodgkin-like
B cells are a differential diagnosis to NLPHL
(Quintanilla-Martinez et al. 1999), particularly in
elderly patients. Hodgkin-like blastoid B cells
usually show a preserved B-cell phenotype,
but they most frequently are EBV-infected
(Nicolae et al. 2013). Whereas rosetting T cells
in NLPHL present a follicular T helper (TFH) cell
phenotype with expression of PD1, CD57, ICOS,
CXCL13, and sometimes MUM1 or BCL6, they
are almost always CD10-negative. In contrast,
a strong CD10 expression in rosetting T cells
is usually indicative of the presence of a follicular
T-cell lymphoma (Moroch et al. 2012). These
can show an NLPHL-like growth pattern, but
in most cases the Hodgkin-like blasts do not
show the typical popcorn-like morphology of LP
cells and are usually positive for EBV and both
CD30 and CD15 (Nicolae et al. 2013).

Furthermore, the NLPHL-like growth pattern can-
not be classified as one of the typical Fan patterns.

Progressive transformation of GC (PTGC) is
another differential diagnosis, which applies to
cases with initial involvement of a lymph node
by NLPHL. Early manifestations of NLPHL can
be associated with PTGC. Therefore, lymph
nodes with PTGC should be totally embedded
and carefully studied. Sometimes evolving
NLPHL is found in only one or two nodules,
whereas all other nodules correspond to typical
PTGC nodules. PTGC also follows a constant
mechanism which creates typical morphologic
patterns, allowing a differentiation from early
NLPHL (Hartmann et al. 2015b). Another helpful
feature is the presence of rosetting T cells in
NLPHL, which do not occur in PTGC. However,
double-positive CD4+CD8+ T cells, which
are observed in NLPHL, also occur in PTGC
(Rahemtullah et al. 2008).
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Hydroa-Vacciniforme-Like
Lymphoproliferative Disorder
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Synonyms

Angiocentric cutaneous T-cell lymphoma of
childhood; Edematous scarring vasculitic
panniculitis; Hydroa-like cutaneous T-cell lym-
phoma; Severe hydroa vacciniforme

Definition

Hydroa vacciniforme (HV)-like lymphoproli-
ferative disorder (HV-like LPD) is a chronic
EBV-positive cutaneous T-cell lymphoproli-
ferative disorder of childhood, associated
with the risk of developing systemic
lymphoma. HV-like LPD is a polyclonal or
(most often) monoclonal disorder of T-cells
and/or NK cells, regardless of the presence or
absence of systemic symptoms and the
severity of the skin lesions. Classic HV, severe
HV, and HV-like cutaneous T-cell lymphoma
constitute a continuous spectrum of EBV-
associated HV-like LPD (Quintanilla-Martinezz
et al. 2013, 2017).

Clinical Features

• Incidence
HV-like LPD is rare and occurs mainly in chil-
dren and adolescents from Latin America and
East Asia. It is rare in adults. There is a seasonal
increased occurrence during the summer
(Quintanilla-Martinezz et al. 2013).

• Age
The median age of the time of diagnosis is
8 years (range: 1–15 years) (Quintanilla-
Martinezz et al. 2013.

• Sex
The male to female ratio is slightly elevated
(2.3,1) (Quintanilla-Martinezz et al. 2013).

• Site
Although lesions most commonly involved
face, dorsal surface of the hands, and earlobes,
skin lesions are not exclusively limited to sun-
exposed areas. Half of the patients presented
with disseminated dermatosis and systemic
symptoms, such as fever, wasting, lymphade-
nopathy, and hepatosplenomegaly. Twenty
percent of the patients also have hypersensitiv-
ity to mosquito bite, which usually associates
with a proliferation of EBV-infected NK cells
(Quintanilla-Martinezz et al. 2013).

• Treatment
Currently, no standard treatment has been
established. Chemotherapy and/or radiotherapy
have been shown to be of little or no benefit.
Immunomodulating therapies, such as pre-
donisolone, cyclosporine A, interferon alfa, chlo-
roquine, and thalidomide, have been shown to
result in temporary remission or improvement of
symptoms (Barrionuevo et al. 2002; Kimura
et al. 2012; Beltran et al. 2014). In indolent
cases, a conservative treatment is recommended,
whereas hematopoietic stem cell transplantation
has been introduced as a curative therapy inmore
advanced cases (Kimura et al. 2012).

• Outcome
The clinical course is variable, and some
patients are alive with recurrent skin lesions
for 9–13 years, while less than 50% of patients
died of organ failure or systemic lymphoma
including a nasal-type NK/T-cell lymphoma
and a peripheral T-cell lymphoma, NOS
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(Quintanilla-Martinezz et al. 2013). Some
patients present with a very indolent course,
with localized skin lesions in sun-exposed
areas and no systemic symptoms (classic HV)
(Iwatsuki et al. 2006). EBV-infected lympho-
cyte subsets, anti-EBV antibody titres, EBV
DNA load, T-cell clonality, the amount of
EBV-positive cells, and/or the density of the
infiltrate do not predict the outcome. Late
onset (onset age > 9 years) and EBV
reactivation are both related to more severe
phenotypes of the disease (Quintanilla-
Martinezz et al. 2013; Miyake et al. 2015).

Macroscopy

Skin lesions include edema, papules, blisters,
crusts, and ulcers, and heal as vacciniforme-like
scars (Barrionuevo et al. 2002). Multiple
vesiculopapules with umbilication and crust are
characteristics in addition to prominent swelling
of the face, lips, and eyelids (Fig. 1).

Microscopy

The lymphoid infiltrate is predominantly in the
dermis and sometimes extended deep into the
subcutaneous tissue (Figs. 2 and 3). The infiltrate
is mainly located around adnexa and blood ves-
sels, often with angiocentric/angiodestructive
features (Fig. 4) (Magana et al. 1998). The
intensity and atypia of the lymphocytes varies
from case to case. The neoplastic cells are
generally small to medium-sized, without
significant atypia (Fig. 5). The characteristic his-
tological feature of HV is an intraepidermal
spongiotic vesicle without epidermotropism,
whereas the overlying epidermis is frequently
ulcerated in severe case (Quintanilla-Martinezz
et al. 2013).

Immunophenotype

Most cases have a CD8-positive T-cell phenotype;
however, one third of the cases have a NK-cell

phenotype with double negative for CD4/CD8
and homogeneously CD56-positive. Rare cases
present a gd phenotype. The lymphoid cells,
regardless of cell-type derivation, are positive for
cytotoxic markers, such as granzyme B and TIA-1
(Fig. 6). LMP1 is negative by immunohistochem-
istry in the majority of cases but not all cases
reported (Iwatsuki et al. 2006; Quintanilla-
Martinezz et al. 2013).

Molecular Features

In situ hybridization for EBV-encoded small RNA
(EBER) is positive; however, the amount of
EBER-positive cells represents only a subpopula-
tion of the CD3-positive infiltrating cells. EBER-
positive cells concentrated mainly around the

Hydroa-Vacciniforme-Like Lymphoproliferative Dis-
order, Fig. 1 Hydroa-vacciniforme-like lymphoproli-
ferative disorder. Ulcerated subcutaneous nodule with a
hemorrhagic crust in the arm. The patient also shows
papulovesicular eruptions with hemorrhagic crust on the
face, earlobes and lower legs (courtesy of Prof. Miho
Maeda)
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blood vessels and adnexa in the dermis, in the
subcutaneous tissue, and in the basal epithelial
layer in cases with intraepidermal vesicles. Most
cases with T-cell phenotype have clonal
rearrangements of the TCR genes, while NK-cell
phenotype cases show a polyclonal rearrangement
of the TCR genes. EBV is monoclonal by terminal
repeat analysis (Iwatsuki et al. 2006; Kimura et al.
2012; Quintanilla-Martinezz et al. 2013).

Differential Diagnosis

Morphologically, HV-like LPD can mimic subcu-
taneous panniculitis-like T-cell lymphoma
(SPTCL), primary cutaneous gd T-cell lym-
phoma, or cutaneous involvement by an extra-
nodal NK/T-cell lymphoma of the nasal type.
Without clinical information, the differential diag-
noses with the latter might be impossible because
the morphology and phenotype of the neoplastic
cells are indistinguishable.

Hydroa-Vacciniforme-Like Lymphoproliferative Dis-
order, Fig. 2 Hydroa-vacciniforme-like lymphoproli-
ferative disorder. Skin biopsy from the left lower leg
lesion shows a dense lymphoid infiltrate from dermis to
hypodermis

Hydroa-Vacciniforme-Like Lymphoproliferative Dis-
order, Fig. 3 Hydroa-vacciniforme-like lymphoproli-
ferative disorder. Subcutaneous lymphoid infiltration is
nodular/angiocentric or panniculitis-like pattern

Hydroa-Vacciniforme-Like Lymphoproliferative Dis-
order, Fig. 4 Hydroa-vacciniforme-like lymphoproli-
ferative disorder. Dense lymphoid infiltrate surrounding
adnexa and blood vessels is observed in the dermis of the
ulcer edge

Hydroa-Vacciniforme-Like Lymphoproliferative Dis-
order, Fig. 5 Hydroa-vacciniforme-like lymphoproli-
ferative disorder. The infiltrate is composed of small to
medium-sized lymphocytes without marked atypia
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Hydroa-Vacciniforme-Like Lymphoproliferative Dis-
order, Fig. 6 Hydroa-vacciniforme-like lymphoproli-
ferative disorder. The neoplastic cells are positive for

CD3 (a), CD8 (b), and granzyme B (c). Most of lymphoid
cells are positive for EBV-encoded small RNA (EBER) by
in situ hybridization (d)
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Definition

Iatrogenic immunodeficiency-associated
lymphoproliferative disorders can be defined as
lymphoid proliferations, plasmacytic prolifera-
tions, or lymphomas that arise as a consequence
of iatrogenic immunosuppression. Such disor-
ders are divided into posttransplant
lymphoproliferative disorders (PTLD) arising
in patients treated with immunosuppressive ther-
apy for solid organ, bone marrow, or stem cell
transplant and other iatrogenic
immunodeficiency-associated lymphoproli-
ferative disorders arising in patients treated
with immunosuppressive drugs for autoimmune
disease or conditions other than transplant (Bagg
and Dunphy 2013; Gaulard et al. 2017;
Swerdlow et al. 2017; Tsao and Hsi 2007).
Immunosuppressive drugs reported as associ-
ated with lymphoproliferative disorders and

lymphomas include methotrexate and antitumor
necrosis factor alpha (anti-TNFa) therapy (e.g.,
infliximab, adalimumab, etanercept). These
lymphoproliferative disorders are less well
defined than PTLD.

Clinical Features

• Incidence
PTLD is rare with an overall frequency
of <2% in the posttransplant population.
In solid organ transplant recipients, the
frequency depends on the organ transplanted,
with kidney transplant recipients having a
frequency of PTLD <1% and up to 20%
in intestinal transplant recipients.
After stem cell allografts, the frequency is
approximately 1%.

The exact incidence of other iatrogenic
immunodeficiency-associated lymphoproli-
ferative disorders is unknown. The incidence
likely depends on the type of immunosuppres-
sive agent and the underlying disorder being
treated. Complicating determination of inci-
dence is the likely baseline increased risk of
lymphoma in patients with various autoim-
mune disorders.

• Age
All ages are affected. In solid organ or stem cell
transplant recipients who are children, the fre-
quency of developing PTLD is higher by
two to five-fold.
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• Sex
Both genders are affected.

• Site
In PTLD, involvement of lymph node, gastro-
intestinal tract, lungs, and liver is common. In
nondestructive PTLD, the tonsil and/or ade-
noid are frequently involved.

In other iatrogenic immunodeficiency-
associated lymphoproliferative disorders
related to methotrexate use, nearly half arise
in extranodal locations.

• Treatment
Treatment in PTLD is dependent on the sub-
classification of disease and extent
of involvement. Nondestructive PTLD or poly-
morphic PTLD may be treated with a decrease
in immunosuppressive therapy or anti-CD20
(rituximab) therapy alone while mono-
morphic PTLD is most often treated with
chemotherapy.

Some methotrexate-associated lymphopro-
liferative disorders regress after withdrawal of
methotrexate, while most require chemother-
apy. TNFa antagonist associated lymphoproli-
ferative disorders rarely regress after drug
discontinuation.

• Outcome
Outcome in PTLD is dependent on the subclas-
sification of disease and location and degree
of involvement. In general, monomorphic
PTLD has a worse prognosis than polymorphic
PTLD or nondestructive PTLD, although
exceptions occur and some nondestructive
PTLD (infectious mononucleosis-like) can be
fatal.

Macroscopy

PTLD is characterized by lymphadenopathy or
extranodal mass lesions. The cut surface of a
lymph node in early lesions of PTLD will
be unremarkable (similar to that of a reactive
lymph node), while that of a lymph node
with monomorphic PTLD can show characteristic
features of lymphoma (e.g., obliteration of the
hilus, fleshy homogenous cut surface, or bands
of fibrosis).

Microscopy

Posttransplant Lymphoproliferative Disorders
(PTLD)
PTLD is subclassified based on morphologic
and immunohistochemical features into the
following categories: nondestructive PTLD
(previously termed “early lesions”), polymorphic
PTLD, monomorphic PTLD, and classic Hodgkin
lymphoma PTLD (Figs. 1, 2, and 3). Nondestruc-
tive PTLD is characterized by mass-forming lym-
phoid proliferations with preservation of the nodal
or extranodal architecture and shows a pattern of
plasmacytic hyperplasia, florid follicular hyper-
plasia, or infectious mononucleosis-like features
(follicular hyperplasia with paracortical expan-
sion and numerous immunoblasts). In contrast,
polymorphic PTLD is characterized by
effacement of the normal lymph node architec-
ture or formation of destructive extranodal masses
by a polymorphous infiltrate composed of small
lymphocytes, intermediate-sized lymphocytes,
immunoblasts, and plasma cells. Polymorphic
PTLD may show areas of geographic necrosis.
By definition, the morphology of polymorphic
PTLD does not meet the criteria for a recognized
type of lymphoma described in immunocompe-
tent hosts. When the lymphoproliferative process
does meet the diagnostic criteria for a B-cell or
T/NK-cell lymphoma or plasma cell neoplasm as
described in an immunocompetent individual, this
is categorized as monomorphic PTLD with fur-
ther designation as the lymphoma or plasma cell
neoplasm it resembles. EBV-positive extranodal
marginal zone lymphoma of mucosa-associated
lymphoid tissue has recently been recognized as
a distinct type of monomorphic PTLD, usually
occurring late after transplant in a solitary cutane-
ous/subcutaneous location (Gibson et al. 2011).
With that exception, the remainder of the small
B cell lymphomas are not considered PTLD in
current classifications. Among monomorphic
B cell PTLD, cases are further classified as diffuse
large B cell lymphoma (DLBCL), Burkitt lym-
phoma, plasmacytoma, or, rarely, plasma cell
myeloma depending on the conventional criteria
fulfilled. Monomorphic T/NK-cell PTLD most
commonly fit conventional criteria for peripheral

262 Iatrogenic Immunodeficiency-Associated Lymphoproliferative Disorders



T cell lymphoma, not otherwise specified (PTCL,
NOS), or hepatosplenic Tcell lymphoma, and less
commonly other types of T/NK cell lymphomas.
Classic Hodgkin lymphoma PTLD fits the
morphologic and immunophenotypic criteria for
classic Hodgkin lymphoma as in an immunocom-
petent host and usually shows features of the
mixed cellularity type.

Other Iatrogenic Immunodeficiency-
Associated Lymphoproliferative Disorders
Methotrexate-associated lymphoproliferative dis-
orders are most commonly diffuse large B cell
lymphoma or classic Hodgkin lymphoma.
Less common are follicular lymphoma, Burkitt

lymphoma, extranodal marginal zone lymphoma
of mucosa-associated lymphoid tissue, or
peripheral T cell lymphoma. Polymorphic or
lymphoplasmacytic proliferations resembling
polymorphic PTLD comprise up to 20% of cases.

In one study evaluating 18 patients treated with
immunomodulatory agents (e.g., anti-TNFa, anti-
CD11a, anti-interleukin-2 receptor, or anti-
interleukin-1 receptor therapies) for a variety of
autoimmune disorders, cases ranged from atypical
lymphoid proliferations (7 cases) to overt lym-
phomas (Hasserjian et al. 2009). For patients
with Crohn disease treated with a TNFa inhibitor
in combination with immunomodulators, there is
an association with hepatosplenic T cell

Iatrogenic Immunodeficiency-Associated Lympho-
proliferative Disorders, Fig. 1 Non-destructive
PTLD (left panel). The upper left panel is an example of
florid follicular hyperplasia in an adenoid. There were
numerous secondary follicles with germinal centers. By
EBER in-situ hybridization, there were frequent EBV pos-
itive cells (not shown). The bottom left panel is an example
of plasmacytic hyperplasia in a lymph node from a
different patient. This high power view shows sheets of
plasma cells. The plasma cells were polytypic by

immunohistochemical stains for kappa and lambda light
chains. Polymorphic PTLD (right panel). This example
of polymorphic PTLD arising in a lymph node shows
effacement of the nodal architecture by a polymorphous
infiltrate of small T lymphocytes (highlighted by CD3
immunohistochemical stain), B lymphocytes of various
sizes (highlighted by CD20 immunohistochemical stain),
and plasma cells (highlighted by CD138 immunohisto-
chemical stain). This PTLD is EBV positive by EBER in
situ hybridization
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lymphoma (Deepak et al. 2013), although not all
studies have shown in increased risk. In these
cases, the hepatosplenic T cell lymphoma shows
the same features as that arising in immunocom-
petent individuals.

EBV-positive mucocutaneous ulcer is a
recently recognized entity occurring in patients
with iatrogenic immunosuppression or age-
related immune senescence (Dojcinov et al.
2010). EBV-positive mucocutaneous ulcers are
characterized by isolated sharply circumscribed
ulcers involving oropharyngeal mucosa, skin,
and gastrointestinal tract; the lymphoid infiltrate
shows a polymorphous background and scattered

Reed-Sternberg and Hodgkin-like cells (Fig. 4).
These lesions frequently show a self-limited,
indolent course.

Immunophenotype

Posttransplant Lymphoproliferative Disorders
(PTLD)
The majority of PTLD are composed pre-
dominantly of B cells and therefore stain with
B-cell markers such as CD19, CD20, Pax5,
and CD79a. Plasmacytic components of the
proliferations can be identified by CD138 and

Iatrogenic Immunodeficiency-Associated Lympho-
proliferative Disorders, Fig. 2 Monomorphic PTLD
(diffuse large B cell lymphoma) (left panel). This exam-
ple of monomorphic PTLD arising in a lymph node has the
morphology and immunophenotype of diffuse large B cell
lymphoma. There is effacement of the nodal architecture
by a diffuse infiltrate of intermediate to large sized atypical
lymphoid cells with vesicular chromatin and prominent
nucleoli. The atypical lymphoid cells are predominantly
B lymphocytes (highlighted by CD20 immunohistochem-
ical stain) with background T lymphocytes (highlighted by
CD3 immunohistochemical stain). This case has a non-

germinal center immunophenotype by the Hans criteria,
being negative for CD10 and BCL6 and positive for
MUM1 (shown). EBV is positive by EBER in situ hybrid-
ization. Classic Hodgkin lymphoma PTLD (right
panel): Features of classic Hodgkin lymphoma are present
including large atypical lymphoid cells (Reed-Sternberg
cells and variants) in a background of small lymphocytes,
eosinophils, and histiocytes. The Reed-Sternberg cells and
variants are positive for CD30 immunohistochemical stain,
CD15 immunohistochemical stain, and EBV (by EBER in
situ hybridization), but lack expression of CD20
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immunohistochemical stains for kappa and
lambda cytoplasmic light chains. Almost all
nondestructive PTLD and polymorphic PTLD
are positive for Epstein-Barr Virus (EBV), with
in situ hybridization for EBV RNA (EBER ISH)
a more sensitive method of detection than EBV
immunohistochemical staining. The immuno-
phenotype of monomorphic PTLD follows that
of the disorder arising in immunocompentent
hosts. Therefore, as in an immunocompetent
host, monomorphic B-cell PTLD with the
morphology of Burkitt lymphoma shows

positivity for B-cell markers as well as CD10
and BCL6, but lacking BCL2, and with a high
proliferative index by Ki-67 immunohistochem-
ical stain of nearly 100%. Monomorphic B-cell
PTLD with the morphology of DLBCL
includes both those with a germinal center
type and nongerminal center type
immunophenotype as defined by immunohisto-
chemical parameters in the Hans criteria. In
contrast to DLBCL arising in immunocompe-
tent hosts, such separation has not yet been
shown to have prognostic significance in the

Iatrogenic Immunodeficiency-Associated Lympho-
proliferative Disorders, Fig. 3 Monomorphic PTLD
(hepatosplenic T cell lymphoma) (left panel). The upper
left panel shows liver involvement with sinusoidal expan-
sion by an atypical lymphoid infiltrate composed of
medium sized cells with slightly dispersed nuclear chro-
matin and inconspicuous or small nucleoli. Low power
view is shown in in-set. The bottom left panel shows
involvement of the splenic red pulp, with expansion by
an atypical lymphoid infiltrate. Immunohistochemical
stains (not shown) demonstrated that the atypical lymphoid
infiltrate was composed of CD3 positive T cells with aber-
rant loss of the pan-T cell antigen CD5. Monomorphic

PTLD (plasma cell myeloma) (right panel). Monomor-
phic PTLD with the morphology of plasma cell myeloma
shares the same diagnostic features as plasma cell mye-
loma diagnosed in an immunocompetent individual.
Wright-Giemsa stained aspirate smears show multiple
enlarged atypical plasma cells with prominent nucleoli,
present in a background of normal hematopoiesis. On the
bone marrow trephine core, the increased plasma cells are
highlighted by CD138 immunohistochemical stain. In this
case, the plasma cells were kappa light chain restricted
(kappa immunohistochemical stain shown) with only rare
lambda light chain positive cells. EBV was negative by
EBER in situ hybridization.
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posttransplant setting. Approximately two-
thirds of monomorphic B-cell PTLD are posi-
tive for EBV by EBER-ISH, and there is an
association of a nongerminal center
immunophenotype with EBV positivity. EBV
status as a prognostic indicator or predictor of
treatment response has not been shown (Luskin
et al. 2015). In monomorphic B/plasma-cell
PTLD, a clonal B cell or plasma cell population
is identified by flow cytometric immunophe-
notyping in most cases. Polymorphic PTLD
may or may not have a clonal B cell population
by flow cytometry, whereas nearly all cases of
nondestructive lesions of PTLD show polytypic
B cells and plasma cells. Monomorphic T/NK-
cell PTLD share the same immunophenotype as
the T/NK-cell lymphoma arising in an immu-
nocompetent host it resembles and similarly the
same immunophenotypic criteria for classic

Hodgkin lymphoma as in an immunocompetent
host must be met to diagnose classical Hodgkin
lymphoma PTLD. Classic Hodgkin lymphoma
PTLD is usually EBV positive, while mono-
morphic T/NK-cell PTLD and monomorphic
PTLD resembling plasma cells neoplasms are
usually EBV negative.

Other Iatrogenic Immunodeficiency-
Associated Lymphoproliferative Disorders
Typically, in iatrogenic immunodeficiency-
associated lymphoproliferative disorders,
the immunophenotype of the lymphoma
resembles that of the lymphoma arising in an
immunocompetent individual. In the setting
of patients treated with immunomodulatory
agents (anti-TNFa and others), unusual
immunophenotypic features have been noted in
a subset (Hasserjian et al. 2009). There is an

Iatrogenic Immunodeficiency-Associated Lympho-
proliferative Disorders, Fig. 4 EBV positive mucocu-
taneous ulcer arising in oral mucosa (gum lesion). Images
from H&E stained sections demonstrate some of the char-
acteristic features of EBV positive mucocutaneous ulcer
including an ulcerated surface (top of left-sided H&E
image), and Reed-Sternberg-like and Hodgkin-like large

atypical lymphoid cells interspersed in a mixed inflamma-
tory background. CD3 immunohistochemical stain high-
lights T-lymphocytes concentrated in the base of the
ulcerative lesion. The large atypical lymphoid cells are
positive for B cell markers including Pax5, as well as
CD30. These large atypical lymphoid cells were also pos-
itive for EBV (not shown)
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association with EBV in methotrexate-
associated lymphoproliferative disorders (with
EBV positivity in about half the cases), and
there may be an association between EBV and
B-cell derived lymphomas/lymphoproliferative
disorders arising in patients treated with immu-
nomodulatory agents.

Molecular Features

By molecular studies, clonal immunoglobulin
heavy chain gene rearrangements or clonal T-cell
receptor (TCR) gene rearrangements are expected
to be seen in monomorphic B-cell PTLD and
monomorphic T-cell PTLD, respectively. Poly-
morphic PTLD is expected to demonstrate clon-
ally rearranged immunoglobulin genes, although
with less predominant clones than in monomor-
phic B-cell PTLD. Nondestructive lesions and
Hodgkin lymphoma type PTLD are likely to
show polyclonal populations by gene
rearrangement studies. Results of molecular stud-
ies need to be interpreted with caution and in the
context of morphologic and immunophenotypic
findings. For example, T cell clonality is not syn-
onymous with T-cell malignancy and a reactive
clonal Tcell response can be seen in B-cell PTLD.
A negative immunoglobulin heavy chain gene
rearrangement study does not exclude monomor-
phic B-cell PTLD as there is a significant
false-negative rate for this assay. Very small mono-
clonal B-cell populations can be seen in nonde-
structive PTLDs.

The genetic features of both PTLD and
other iatrogenic immunodeficiency-associated
lymphoproliferative disorders have yet to be
fully elucidated. Genetic changes reported in
PTLD include alterations in MYC and BCL6,
TP53 mutations, DNA hypermethylations, aber-
rant somatic hypermutation, and microsatellite
instability (Courville et al. 2016; Morscio et al.
2013). As in Burkitt lymphoma arising in immu-
nocompetent individuals, monomorphic B-cell
PTLD with Burkitt lymphoma morphology are
characterized by translocations involving MYC
and, most commonly, the immunoglobulin heavy
chain gene.

Differential Diagnosis

Posttransplant Lymphoproliferative Disorders
(PTLD)
The differential diagnosis for PTLD depends
on the morphology and immunophenotype, that
is, on the subclassification. For nondestructive
PTLD, the main differential is with lymphoid pro-
liferations with other known explanations or
other nonspecific chronic inflammatory pro-
cesses, such as chronic tonsillitis. Distinction
between monomorphic B cell PTLD and poly-
morphic PTLD is not well defined and can be
difficult, and the main distinction lies in the num-
ber of large, transformed cells. Differential diag-
noses for monomorphic B, T, and plasma cell
PTLD include those that would be considered
for the lymphoproliferative disorders they resem-
ble arising in the immunocompetent host. Classi-
cal Hodgkin lymphoma PTLD has the additional
differential of polymorphic PTLD with Reed-
Sternberg/Hodgkin-like cells lacking the diagnos-
tic immunophenotype of classic Hodgkin
lymphoma.

Other Iatrogenic Immunodeficiency-
Associated Lymphoproliferative Disorders
In a subset of cases, the differential lies between
a lymphoproliferative disorder and a frank
lymphoma. For most cases in which the diagnosis
of lymphoma is straightforward, the question
remains as to whether the lymphoma is directly
related to the iatrogenic immunosuppression, the
underlying autoimmune disorder, both, or neither
(that is, the lymphoma arose by an unrelated
mechanism). The distinction between these possi-
bilities cannot be made on a case-by-case basis.
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Lymphadenitis
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Synonyms

Histiocytic necrotizing lymphadenitis; Kikuchi
disease; Necrotizing lymphadenitis without gran-
ulocytic infiltration; Subacute necrotizing
lymphadenitis

Definition

Kikuchi-Fujimoto disease (KFD), first described
by M. Kikuchi and Y. Fujimoto and colleagues in
1972, is a rare cause of lymphadenopathy charac-
terized by lymphadenitis with histiocytic prolifer-
ation and abundant karyorrhectic debris (Kikuchi
1972; Fujimoto et al. 1972).

KFD most commonly affects young adults of
Asian descent with a female preponderance. How-
ever, the condition has been reported in both gen-
ders and in various ethnic backgrounds; it may
also affect children. KFD typically presents with
unilateral, frequently painful, cervical lymphade-
nopathy with an acute or subacute onset. Approx-
imately half of the patients report fever and night
sweats, often associated with upper respiratory

symptoms. Neutropenia, anemia, and atypical
lymphocytosis in peripheral blood are described
in up to 50% of cases. Extranodal involvement of
KFD is less common and includes cutaneous
lesions, most frequently erythematous papules,
plaques, and ulcers on the face or upper body
(Spies et al. 1999). The liver and spleen may
rarely be involved (Kuo 1995).

The etiology and pathogenesis of KFD remain
unclear. Various possible infectious causes,
including EBV, Yersinia, HHV6, HHV8, and par-
vovirus B19, have been extensively studied.
However, contrary data exist and a direct causal
relationship of any infectious agent to KFD has
yet to be established. Autoimmunity has also been
speculated as a cause for KFD: the disease shows
some overlapping histology with systemic lupus
erythematosus (SLE), and similar tubular reticular
ultrastructures by electron microscopy have been
found in the lymphocytes and histiocytes of KFD
patients and the endothelial cells of SLE patients.
This finding, along with the reports that some
KFD patients later develop SLE, suggests that
KFD may be a limited SLE-like autoimmune con-
dition. However, serologic tests for autoimmune
disorders in KFD patients at presentation are neg-
ative. In addition, whether these patients truly
have been correctly diagnosed as KFD, as
opposed to SLE, remains a matter of debate
(Hutchinson and Wang 2010; Bosch et al. 2004).

KFD is typically self-limited and follows
a benign course. Most patients recover without
any therapy in 1–4 months. In very rare cases,
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especially in immunosuppressed organ transplant
patients or young children, KFD has resulted in
multi-organ failure and may be fatal.

Clinical Features

• Incidence
KFD is rare; its incidence is unknown. It has
a worldwide distribution, with a higher preva-
lence among Japanese and other individuals of
Asian descent.

• Age
KFD most often affects adult patients younger
than 40 years, with a range of 19 months to 75
years and a median age of 25 years.

• Sex
A female preponderance in adults has been
reported in most series (M:F ratio, 1:2–1:4).
However, in children, boys appear to be more
frequently affected than girls (M:F ratio 1.4:1)
(Kim et al. 2014).

• Site
Cervical lymphadenopathy is the most com-
monly affected site (80–98% of cases). The
lymphadenopathy is unilateral and tender in
most cases, but is bilateral in about 25% of
cases. Generalized lymphadenopathy is rare,
occurring in 5–10% of adult cases. KFD may
involve the liver and spleen; hepatosple-
nomegaly has been reported in about 5% of
cases. Rare cases may present with involvement
of intra-abdominal lymph nodes and present with
abdominal pain mimicking acute appendicitis.

• Treatment
No specific therapy is required. Supportive
treatments to ameliorate symptoms, including
anti-inflammatory and analgesic agents, may
be indicated.

• Outcome
Most patients recover within 1–4 months of
symptom onset, without any specific therapy.
Approximately 3–5% of patients have been
reported to develop recurrence, although one
more recent report suggests a recurrence rate of
up to 15%. Very rare fatalities have been
reported in immunosuppressed patients and
very young children.

Gross Pathology

Lymph nodes involved by KFD are typically
enlarged, measuring 0.5–4 cm in diameter. Multi-
ple pale necrotic nodules may be observed
(Fig. 1).

Microscopic Pathology

The lymph node paracortex is remarkably for foci
of apoptosis and coagulative necrosis, comprised
of a mixture of karyorrhectic and eosinophilic
granular debris (Fig. 2). The amount of necrosis
varies greatly among cases and the large zones of
necrosis may distort the nodal architecture, but
neutrophilic or eosinophilic infiltrates are charac-
teristically absent and plasma cells are scarce to
absent. Admixed with the necrotic debris are lym-
phocytes, occasional immunoblasts, and numer-
ous histiocytes. The latter include crescentic
histiocytes, non-phagocytic cells with eccentric
sickle-shaped nuclei, as well as phagocytic histio-
cytes, manifesting as tingible body macrophages
and foamy histiocytes (Fig. 3). Thrombosed ves-
sels near the necrotic foci may be present, and
reactive germinal centers are present in most
cases.

Kikuchi-Fujimoto Lymphadenitis, Fig. 1 A gross
image of a bisected lymph node involved by KFD. Multi-
ple discrete, irregular pale necrotic foci are present
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Aggregates of plasmacytoid dendritic cells are
often found at the margins of necrotic foci. Two
main subsets of dendritic cells are recognized: the
“myeloid-type” dendritic cells (DC1 subset) that
present antigen and stimulate naive T cells and the
“monocyte-type” dendritic cells (DC2 subset) that
produce alpha-interferon and appear to have
a major role in antiviral immunity. Plasmacytoid
dendritic cells are of the DC2 type and are widely
distributed in lymphoid and non-lymphoid tis-
sues, although usually in such small numbers
that they are not evident on routine histologic

stains. They superficially resemble plasma cells
in that they have moderately abundant
amphophilic cytoplasm, but unlike plasma cells
their nuclei are not eccentric and the nucleus has
dispersed, rather than condensed chromatin
(Fig. 4).

Based on the histopathologic features, TT Kuo
in 1995 proposed three histologic subtypes
(or stages) of KFD (Kuo 1995). In the proliferative
subtype, there is expansion of the paracortex by
discrete or ill-defined aggregates of histiocytes,
plasmacytoid dendritic cells, and immunoblasts
admixed with varying numbers of small lympho-
cytes and apoptotic debris; geographic necrosis is
lacking in this disease subtype (Figs. 5 and 6).
The necrotizing subtype is characterized by
necrosis in addition to the histiocytic proliferation;
this subtype accounts for more than 50% of
reported KFD (Fig. 7). In the xanthomatous sub-
type, foamy histiocytes are predominant, with or
without accompanying necrosis (Fig. 8).
Neutrophils are conspicuously absent in all KFD
subtypes. These three subtypes are thought to
represent three evolving phases of KFD, with the
lesion presenting initially as the proliferative
phase of histiocytes, followed by the necrotizing
phase, and eventually ending with the
xanthomatous phase. However, this theory has not

Kikuchi-Fujimoto Lymphadenitis, Fig. 2 A low-power
image shows irregular, pale necrotic foci that distort the
lymph node architecture; scattered reactive follicles are
also present

Kikuchi-Fujimoto Lymphadenitis, Fig. 3 Histiocytes
in necrotizing nodules often have crescent-shaped nuclei
and contain phagocytosed apoptotic debris; the histiocytes
in KFD characteristically express cytoplasmic MPO (not
shown)

Kikuchi-Fujimoto Lymphadenitis, Fig. 4 Plasma-
cytoid dendritic cells often occur as nodules associated
with the immunoblastic proliferations in proliferative sub-
type KFD and also in the necrotizing subtype. These
appear as relatively compact aggregates of cells with
round nuclei resembling plasma cells, but with more vesic-
ular chromatin
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been vigorously tested by sequential biopsies of
KFD patients. Moreover, it is common to find
distinct histologic subtypes of the disease
manifesting concurrently within different nodules
in the same lymph node.

Immunophenotype

The histiocytes in KFD express typical histio-
cytic markers, including CD68, CD163,
lysozyme, and CD4. An unusual feature in KFD
(also shared with lupus lymphadenitis) is

the frequent expression by histiocytes of
myeloperoxidase (MPO). Some have proposed
that the histiocytes may express MPO to compen-
sate for the lack of granulocytic myeloperoxidase
in the nonsuppurative infiltrates of KFD, but this
is uncertain. Most lymphocytes are CD3-positive
T cells that are predominantly CD8 positive
(Fig. 9). The cytotoxic nature of the CD8+

T cells can be confirmed by expression of cyto-
toxic markers such as TIA-1, granzyme, and
perforin. Plasmacytoid dendritic cells can be read-
ily identified by CD123 immunostaining (Fig. 10)
but also express CD2, CD4, CD43, and CD68;

Kikuchi-Fujimoto Lymphadenitis, Fig. 5 Nodules of
the proliferative subtype of KFD are composed mostly of
immunoblasts, small lymphocytes, and histiocytes with
only sparse necrotic debris and appearance that could sug-
gest a high-grade lymphoma. Overt geographic necrosis is
absent

Kikuchi-Fujimoto Lymphadenitis, Fig. 6 High-power
view of a proliferative nodule shows the markedly acti-
vated and occasionally atypical-appearing immunoblasts

Kikuchi-Fujimoto Lymphadenitis, Fig. 7 In the necro-
tizing stage nodules, eosinophilic areas of necrosis are
present at the centers of the nodules, with surrounding
histiocytes and fewer immunoblasts

Kikuchi-Fujimoto Lymphadenitis, Fig. 8 In the
xanthomatous subtype, foamy histiocytes predominate in
the nodules, which may or may not contain foci of geo-
graphic necrosis
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they lack expression of CD3 or plasma cell
markers. It should be noted that CD123+

plasmacytoid dendritic cells, existing singly or in
clusters, can be seen in many other conditions,
including toxoplasma lymphadenitis, lupus
lymphadenitis, viral infections, sarcoidosis, and
Castleman disease. Plasmacytoid dendritic cells
can also occur in the extramedullary tissues,
including lymph nodes, of patients with chronic
myelomonocytic leukemia and some subtypes of
acute myeloid leukemia. CD20+ B cells are
mostly limited to reactive germinal centers and
are sparse in the necrotizing nodules. Immunohis-
tochemistry for viruses (HHV8 and CMV) and

EBER in situ hybridization are negative in the
vast majority of cases.

Molecular and Other Testing

There is no evidence of monoclonal IGH or TCR
gene rearrangement in KFD. There are no known
associated cytogenetic abnormalities or gene
mutations.

Differential Diagnosis

Lymphadenopathy can be seen in 25–35% of SLE
patients and commonly involves cervical lymph
nodes. The changes of SLE lymphadenopathy are
variable and include lupus lymphadenitis, which
is characterized by coagulative necrosis and fol-
licular hyperplasia. Hematoxylin bodies, which
are degenerated nuclear debris, are fairly specific
to lupus lymphadenitis but are seen infrequently.
The so-called Azzopardi phenomenon, in which
blood vessel walls are encrusted by degenerated
nuclear material, may be present in lupus lymph-
adenitis. In contrast, hematoxylin bodies and
Azzopardi phenomenon are not characteristic of
KFD. Also, plasma cells are often much more
numerous in lupus lymphadenitis compared to
KFD and CD8+ T cells are usually less frequent.
However, there is a significant overlap in the
morphology of lupus lymphadenitis and KFD.
Serologic testing, including antinuclear and anti-
dsDNA autoantibodies, along with a careful clin-
ical history to disclose possible manifestations of
autoimmune disease, may be needed to differen-
tiate lupus lymphadenitis from KFD (Gordon
et al. 2009).

Lymphomas should also be included in the
differential diagnosis of KFD, as sometimes
immunoblasts may be exuberant and raise the
question of a lymphoma. Indeed, in one series
of referral cases that were eventually diagnosed
with KFD, lymphoma was the most common
erroneous referring diagnosis. Familiarity with
the appearances of the varied histologic appear-
ances of KFD, particularly the proliferative sub-
type, is essential in avoiding a misdiagnosis of

Kikuchi-Fujimoto Lymphadenitis, Fig. 9 A CD8
immunostain reveals that most of the immunoblasts in
proliferative subtype nodules are CD8+ T cells

Kikuchi-Fujimoto Lymphadenitis, Fig. 10 Immuno-
staining with CD123 helps visualize the plasmacytoid den-
dritic cells in KFD
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lymphoma. In some cases of the early prolifera-
tive subtype, apoptotic debris may be sparse, and
the immunoblasts may be particularly promi-
nent. Immunohistochemical stains and flow
cytometry to evaluate for a clonal B-cell or
abnormal T-cell lymphoma can be helpful in
excluding the possibility of a lymphoma in
such cases with numerous large cells. As the
majority of lymphomas encountered in Western
countries are B-cell lymphomas and most T-cell
lymphomas are of CD4 T-cell lineage, the pau-
city of B cells and predominance of CD8+ T cells
in KFD may be helpful in discerning these
entities.

Other necrotizing lymphadenitides, including
cat scratch disease, herpes simplex-associated
lymphadenitis, and necrotizing granulomatous
lymphadenitis, all typically present with
neutrophilic infiltrates and thus can be readily
distinguished from KFD.

References and Further Reading

Bosch, X., Guilabert, A., Miquel, R., et al. (2004). Enig-
matic Kikuchi-Fujimoto disease: A comprehensive
review. American Journal of Clinical Pathology,
122(1), 141–152.

Fujimoto, Y., Kozima, Y., & Hamaguchi, K. (1972). Cer-
vical necrotizing lymphadenitis: A new clinicopatho-
logical agent. Naika, 20, 920–927.

Gordon, J. K., Magro, C., Lu, T., et al. (2009). Overlap
between systemic lupus erythematosus and
Kikuchi Fujimoto disease: A clinical pathology con-
ference held by the Department of Rheumatology at
Hospital for Special Surgery. HSS Journal, 5(2),
169–177.

Hutchinson, C. B., & Wang, E. (2010). Kikuchi-Fujimoto
disease. Archives of Pathology and Laboratory Medi-
cine, 134(2), 289–293.

Kikuchi, M. (1972). Lymphadenitis showing focal
reticulum cell hyperplasia with nuclear debris and
phagocytosis. Nippon Ketsueki Gakkai Zasshi, 35,
378–380.

Kim, T. Y., Ha, K.-S., Kim, Y., et al. (2014). Characteris-
tics of Kikuchi-Fujimoto disease in children com-
pared to adults. European Journal of Pediatrics,
173, 111–116.

Kuo, T. T. (1995). Kikuchi’s disease (histiocytic necrotiz-
ing lymphadenitis). A clinicopathologic study of 79
cases with an analysis of histologic subtypes,
immunohistology, and DNA ploidy. American Journal
of Surgical Pathology, 19(7), 798–809.

Spies, J., Foucar, K., Thompson, C. T., et al. (1999). The
histopathology of cutaneous lesions of Kikuchi’s dis-
ease (necrotizing lymphadenitis): A report of five cases.
American Journal of Surgical Pathology, 23(9),
1040–1047.

KSHV-Associated Lymphoid
Disorders

Antonino Carbone1 and Annunziata Gloghini2
1Department of Pathology, Centro di Riferimento
Oncologico Aviano, Istituto Nazionale Tumori,
IRCCS, Aviano, Italy
2Department of Diagnostic Pathology and
Laboratory Medicine, Fondazione IRCCS,
Istituto Nazionale Tumori, Milan, Italy

Synonyms

HHV8-associated lymphoid disorders; Human
herpesvirus 8 (HHV8)

Definition

In addition to primary effusion lymphoma (PEL)
(Cesarman et al. 1995) and its solid extracavitary
variants (Chadburn et al. 2004), which are by
definition Kaposi sarcoma-associated herpesvi-
rus (KSHV)-associated lymphomas, the spec-
trum of KSHV-associated lymphoproliferative
diseases has been expanded by the identification
of cases of KSHV-associated extracavitary lym-
phomas without serous effusions (Carbone and
Gloghini 2008). Moreover, in the HIV setting,
KSHV is associated with multicentric Castleman
disease (MCD) and another rare neoplastic
lymphoproliferative disorder, namely, large
B-cell lymphoma arising in KSHV-associated
MCD. KSHV-infected B cells in MCD have a
pre-plasma cell phenotype and plasmacytic/
plasmablastic morphology (Bower 2010;
Uldrick et al. 2012).

KSHV-associated lymphoid disorders are
closely linked to HIV infection and, when MCD
unrelated, may be associated to EBV infection of
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the tumor clone. In fact, only PEL and its variants
occurring in the HIV setting are usually associated
to EBV in addition to KSHV (Table 1) (Carbone
and Gloghini 2008; Medeiros et al. 2017; Said
et al. 2017).

Clinical Features

• Incidence
There is also some evidence thatMCD incidence
has increased in recent years, following thewide-
spread adoption in the developedworld of highly
active antiretroviral therapy (HAART) for HIV.
Development of the full clinicopathological syn-
drome of KSHV–MCD may require a level of
preservation of the host immune infrastructure
and mechanisms that is absent in patients with
the more profound immunodeficiency of
uncontrolled AIDS. It is also possible that its
development requires longer survival with HIV
than was seen early in the epidemic (Polizzotto
et al. 2014).

• Age
Age of lymphoma occurrence is dependent on
HIV infection: usually young people are
affected.

• Sex
Predominantly males.

• Site
Lymph nodes with generalized
lymphadenopathies.

• Treatment
KSHV-associated MCD requires multitarget
treatment strategies.

The gold standard therapy for KSHV-
associated MCD is yet to be established, due
to the complex pathophysiology of the disease.
Options for therapy include chemotherapy,
targeted therapy (i.e., monoclonal antibodies),
immune modulators, virus-activated cytotoxic
treatment, and antiviral therapies (Bower 2010;
Carbone et al. 2015).

• Outcome
With all these modalities, relapse is common,
and rising KSHV viral load (>50 cp/mL) dur-
ing remission is predictive of disease relapse
(Bower 2010).

Macroscopy

Enlarged lymphadenopathies. Splenomegaly.

Microscopy

KSHV-associated MCD. Based on its morpho-
logic features, KSHV-associated MCD has
been described as a plasmablastic variant of MCD
(Fig. 1). This variant is characterized by the pres-
ence of plasmablasts scattered in the mantle zones
of the follicles and has most frequently been
observed in HIV-infected individuals (Carbone
et al. 2015; Polizzotto et al. 2014).

Immunophenotype

KSHV-associated MCD and related
lymphoproliferations. Plasmablasts in MCD
express B-cell antigens (CD20, CD79, PAX-5,
OCT2), and high levels of cytoplasmic IgM
lambda immunoglobulin are usually MUM1+,
CD138+, and CD30+ weak.

The lambda-expressing KSHV-infected cells
may be scattered or found in small confluent clus-
ters, sometimes coalesced to form foci of “micro-
lymphomas” or in large sheets of cells thought to
represent frank lymphomas. The definition of
microlymphoma (either germinocentric or non-
germinocentric), arisen in a MCD as a separate
entity, has recently been identified and adopted
(Fig. 1). Such microlymphoma may evolve in

KSHV-Associated Lymphoid Disorders,
Table 1 KSHV-associated lymphoproliferative disorders
in HIV setting

KSHV-associated PEL and its solid variant

Classic PEL in the absence of tumor masses

Solid PEL with serous effusion

Solid PEL without serous effusion

MCD-associated large cell lymphoma

MCD

Abbreviations: KSHV Kaposi sarcoma-associated herpes-
virus, MCD multicentric Castleman disease, PEL primary
effusion lymphoma
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the so-called large B-cell lymphoma arising in
KSHV-associated MCD lacking EBV infection
(Uldrick et al. 2012).

Molecular Features

KSHV-associated MCD. Plasmablasts in MCD
harbor KSHV with both latent (ORF73/LANA1)
and lytic (vIL6+) profile (Yarchoan and Uldrick
2018).

Differential Diagnosis

Although MCD, KS, and PEL are disease entities
displaying distinct clinical and pathological fea-
tures (see above), KSHV-associated MCD is usu-
ally a tangle of these different entities which are
also commonly associated with HIV and KSHV
infection. Overproduction of IL-6 occurs in
MCD-associated diseases, suggesting an over-
lapping pathogenesis probably based on HIV and

KSHV-Associated Lymphoid Disorders, Fig. 1 (a–b)
Lymph node with a follicle exhibiting features suggesting
multicentric Castleman disease. (a) The germinal center
(GC) shows vascular transformation. (b) At the boundary
between the GC and the mantle zone, large cells displaying
plasmablastic features are present. (c) Large cells within
the follicle are positive for ORF73/KSHV featuring the
so-called germinocentric microlymphoma. (d) Large cells

around the follicle are positive for MUM1. (e) These cells
are positive for lambda light chain featuring the so-called
microlymphoma arising in KSHV-associated multicentric
Castleman disease. (d, e) Serial sections. (a, b) Hematoxy-
lin–eosin stain; (c–e) immunohistochemistry, hematoxylin
counterstain. Abbreviations: KSHV Kaposi sarcoma-
associated herpesvirus
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KSHV viral cooperation (particularly for KS and
PEL) (Fig. 2).

MCD needs to be differentiated from cases of
reactive generalized lymphadenopathy in which
lymph nodes exhibit marked follicular hyperpla-
sia displaying Castlemanoid features. However, in
non-MCD forms, plasmablasts are absent and
KSHV infection is consistently lacking. A new
KSHV-associated lymphoproliferative disorder
has recently been described in HIV-seronegative
persons. This disease, called germinotropic
lymphoproliferative disorder, is characterized by
plasmablasts that are coinfected by KSHV and
EBVand preferentially involve the germinal cen-
ters of lymph nodes (Carbone et al. 2015).
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KSHV-Associated Lymphoid Disorders, Fig. 2 Kaposi
sarcoma-associated herpesvirus (KSHV)-associated multi-
centric Castleman disease (MCD) is a tangle of different
clinical entities including Kaposi sarcoma (KS), primary
effusion lymphoma (PEL), and Hodgkin lymphoma
(HL) which are commonly associated with KSHV and
Epstein–Barr virus (EBV) infection (Adapted from an illus-
tration created in Adobe Illustrator for the Consumer Asso-
ciations annual report cover (http://www.graphicnet.co.uk/
wp/tangle-3/))

KSHV-Associated Lymphoid Disorders 277

K

http://www.graphicnet.co.uk/wp/tangle-3/
http://www.graphicnet.co.uk/wp/tangle-3/


L

Langerhans Cell Histiocytosis,
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Synonyms

Class I histiocytosis; Histiocytosis X

Definition

Langerhans cell histiocytosis (LCH) is a rare dis-
ease caused by a proliferation and activation of
cells belonging to the mononuclear phagocyte
system, especially the subset of the dendritic
cells, which comprises the epidermal histiocyte
named Langerhans cell.

The etiology and pathogenesis of this disorder
is poorly understood. Despite reports of clonality
of LCH cells, there is still debate about whether
the disease is malignant or reactive, as it may
prove rapidly fatal, develop a chronic reactivating
but therapy-responsive pattern, or resolve sponta-
neously. It remains unclear whether the primary
disorder is within the LCH cells or if they are
victims of a “cytokine storm.” The role of genetics

is also not well defined: although familial cases of
LCH exist and findings of chromosomal instabil-
ity, particularly abnormality on chromosome 7
and of p53 protein, have been reported, there is
no evidence providing that a single candidate gene
is involved in the disease. Moreover, there is no
convincing evidence implicating specific environ-
mental factors or infectious agents, although
many viruses (human herpes virus 6, cytomega-
lovirus, adenovirus, and parvovirus) have been
hypothesized to play a role, and cigarettes have
been implicated in a particular form of lung LCH,
seen mainly in young adults who smoke. Finally,
there are reports of LCH occurring in association
with malignancies, most notably myelodysplasia,
but the link between the disease and neoplasia
remains unexplained. Historically, LCH
was classified into four disease categories: (1) Let-
terer-Siwe disease, which was the prototype of the
acute disseminated, multisystem form, usually
appearing in infants or newborns, and showing,
if untreated, a fatal course; (2) Hand-Schüller-
Christian disease, which was the chronic, progres-
sive, multifocal form, commonly beginning in
childhood; (3) eosinophilic granuloma, which
was the localized, benign form; and (4) Hashi-
moto-Pritzker disease, which represented the
benign, self-healing variant, usually presenting
at birth or during the first few days of life. The
present classification recommends the use of the
term Langerhans cell histiocytosis only and dis-
tinguishes the forms with systemic involvement
that require systemic management (multisystem
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or extensive LCH) from those with localized
lesions that can be treated with a topical medica-
tion or observational approach (single-system or
restricted LCH) or that are self-healing. Cutane-
ous manifestations are very common in LCH and
may represent the earliest sign of the disease. The
typical lesions are small translucent papules
(1–2 mm in diameter), slightly raised, rose yellow,
and generally located on the trunk and scalp
(Fig. 1) but also on the skin folds, particularly
retroauricular, axillary, and anogenital, where
they tend to merge. These lesions frequently
show scaling, may become crusty and eroded,
and are sometimes associated with vesicles, pus-
tules, and more rarely purpura, this last
representing a poor prognostic sign. Cutaneous
lesions appear in successive crops. In the benign
self-healing form of LCH, originally named with
the eponym of Hashimoto-Pritzker disease, the
skin lesions are different from those described
above: this variant is characterized by the eruption
of multiple disseminated, elevated, firm, red-
brown nodules (Fig. 2) which can grow in size
and number in the first few weeks of life, forming
brown crusts and occasionally leaving whitish
atrophic scars after spontaneous resolution.
Mucous membrane lesions are commonly of the
noduloulcerative type and mainly involve the gin-
gival tissue and the genital area. Nail changes are
regarded as an unfavorable prognostic sign and
include paronychia, onycholysis, subungual
hyperkeratosis, and purpuric striae of the nail
bed. Bone lesions are the most frequent manifes-
tation of LCH (80% of cases) and preferentially
involve the skull, femur, mandible, pelvis, and
spine, where the infiltrate causes well-limited
osteolytic areas showing a typical “map” appear-
ance. Osteolysis of the lower maxillary bones is
also frequent, and as a consequence, on X-ray the
teeth appear to be floating in the mouth. Retro-
ocular bone involvement leads to exophthalmos.
Pulmonary involvement (around 20% of patients)
is often asymptomatic but can also be so severe as
to cause death. Lung symptoms consist of dys-
pnea, cough, and thoracic pain, with pulmonary
function tests revealing restrictive lung disease.
On chest radiographs, reticulonodular changes
may be visible giving, with progression of

disease, the classic “honeycomb” appearance.
Involvement of the liver and spleen is quite fre-
quent (15–50% of patients) and may be suspected
in the presence of hepatosplenomegaly or abnor-
mal liver functional tests. Hepatic lesions may
evolve to severe fibrosis and liver failure; scleros-
ing cholangitis due to bile duct infiltration by
LCH cells may rarely occur. Diabetes insipidus,
present in more than 50% of LCH cases, is usually
due to involvement of the skull and the orbits. It
may be confirmed by water deprivation testing
and measurement of urinary levels of vasopressin
and is easily controlled by vasopressin therapy.
Lymphadenopathy is rarely prominent but has
been demonstrated in 25–75% of fatal cases.

Langerhans Cell Histiocytosis, Skin,
Fig. 1 Langerhans cell histiocytosis presenting with
papuloscaling lesions on the scalp

Langerhans Cell Histiocytosis, Skin,
Fig. 2 Hashimoto-Pritzker disease. Typical nodule cov-
ered by a dark-brown crust on the back
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Bone marrow involvement is rare; it generally
occurs late in aggressive forms of LCH, and pan-
cytopenia is regarded as a laboratory marker of
poor prognosis. Gastrointestinal tract involve-
ment is also rare (1–2% of the patients); it tends
to present at very young age and is considered to
be associated with poor outcome. Digestive dis-
turbances in LCH are hematochezia, constipation,
or diarrhea leading to protein-losing enteropathy.

Clinical Features

• Incidence
The annual incidence of LCH is internationally
estimated to be from 4.0 to 5.4 per million
population; however, because internal and
skin lesions of LCH may be misdiagnosed, its
actual incidence may be underestimated.

• Age
The disease can occur in individuals of any age
and can also be congenital but is more common
in children aged 1–3 years.

• Sex
The male to female ratio is 2:1.

• Site
The cutaneous manifestations of LCH are
located on the trunk, scalp, and folds, particu-
larly retroauricular, axillary, and anogenital.
Almost all the internal organs may be involved
by the disease, most notably bone, lung, liver,
and spleen.

• Treatment
The therapy of LCH is chosen on the basis of
the age of the patient, the extent of the disease,
and the location of the lesions. In single-system
disease involving the skin or bone, the treat-
ment is nonaggressive. In cases showing only
skin involvement and particularly in children,
a “wait and see” approach should be adopted.
If the cutaneous lesions are persistent, topical
agents including steroids, cyclosporine, and
tacrolimus may be used. Systemic corticoste-
roids, generally in combination with antimi-
totic drugs such as intravenous vinblastine or
etoposide, are necessary to control the disease
in refractory cases. Thalidomide, which is an
immunomodulating and anti-inflammatory

agent, has also been reported to work in
patients with resistant skin lesions.

Single bony lesions may heal spontaneously
after diagnostic biopsy or respond to curettage
and injection of methylprednisolone if they are
accessible. Indomethacin seems to be effective
for treating isolated LCH of bone in children. In
adults, radiotherapy is indicated, particularly for
involvement of vertebras and sella turcica. In
patients with multiple bone lesions, systemic
corticosteroids in combination with vinblastine
or etoposide are required. In multisystem LCH,
monochemotherapy with vinblastine or
etoposide combined with systemic corticoste-
roids is the first-choice regimen. In
refractory and advanced cases of LCH, 2-
chlorodeoxyadenosine (cladribine), a more
aggressive chemotherapeutic agent, has been
used, alone or associated with cytosine arabino-
side, with good results. In selected cases inwhich
all the above chemotherapeutic regimens have
failed, stem cell transplantation may be tempted.

• Outcome (Prognosis)
Although its evolution is not easily predictable,
single-system LCH is usually associated with
a good prognosis, whereas multisystem disease
follows an aggressive clinical course, which
may be fatal. An early onset, particularly under
the age of 2 years, is also regarded as a negative
prognostic indicator. Organ dysfunction, partic-
ularly when involves lung, bone marrow, and
liver, represents the main predictor of poor out-
come. The most frequent causes of death are
pulmonary and bone marrow failure, as well as
the intercurrent infections.

Macroscopy

Not applicable.

Microscopy

The unifying aspect of the clinical protean symp-
toms of LCH lies in its pathological features. The
linking histological element of the different lesions
is the typical “LCH cell,” a histiocyte with an
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irregular vesiculated, often reniform nucleus and an
abundant, slightly eosinophilic cytoplasm. Differ-
ent types of histological patterns are observed in
LCH lesional skin: proliferative, granulomatous,
and xanthomatous. The proliferative reaction is
seen in early papules and consists of an extensive
epidermotropic, lichenoid infiltrate composed
mainly of LCH cells in the upper dermis (Fig. 3).
The granulomatous reaction is seen in the chronic
stages of the disease and consists of an aggregation
of LCH cells with some multinucleated histiocytes
and a varying number of eosinophils, neutrophils,
lymphocytes, and plasma cells (Fig. 4). The
xanthomatous reaction is encountered mainly in
Hand-Schüller-Christian disease and consists of
numerous foam cells intermingled with LCH
cells, eosinophils, and multinucleated giant cells.
Histological aspects overlapping among these three
prototypic reactions may be observed in the same
patient. The visceral lesions present in LCH show
the same three types of patterns seen in the skin.

Immunophenotype

On immunohistochemistry, the LCH cells
are positive for S100 protein, CD1a (Fig. 5),
CD4, and CD207 (langerin) (Fig. 6). They

also express several monocyte-macrophage-
associated markers, including CD11c, CD32,
and CD68 (KP1).

Electron Microscopy

Electron-microscopy studies show that around 50%
of LCH cells contain Birbeck granules (Fig. 7).
These last are frequently attached to the plasma
membrane and may be very long; moreover, they

Langerhans Cell Histiocytosis, Skin,
Fig. 3 Langerhans cell histiocytosis (LCH). Histology
showing a dermal infiltrate composed mainly of LCH
cells with evident epidermotropism; LCH cell is character-
ized by a reniform nucleus and by abundant, slightly eosin-
ophilic cytoplasm (hematoxylin-eosin stain; original
magnification, � 200)

Langerhans Cell Histiocytosis, Skin,
Fig. 4 Langerhans cell histiocytosis (LCH). Histology
showing the granulomatous phase of LCH consisting of
several LCH cells with some multinucleated histiocytes,
eosinophils, neutrophils, lymphocytes, and plasma cells
(hematoxylin-eosin stain; original magnification, � 200)

Langerhans Cell Histiocytosis, Skin,
Fig. 5 Langerhans cell histiocytosis (LCH). Immunohis-
tochemistry: the LCH cells are positive for CD1a (original
magnification, � 200)
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may exhibit a fuzzy coat (Fig. 7). In the cytoplasm
of LCH cells, comma-shaped bodies are also found.

Molecular Features

Not applicable.

Differential Diagnosis

The cutaneous manifestations of LCHmay simulate
several cutaneous disorders, including eczema,

miliaria, scabies, and varicella. Skin lesions located
on the scalp and the retroauricular area resemble
those of seborrheic dermatitis. When LCH involves
the skin folds, particularly axillary, inguinal, and
anogenital area, the lesions may be interpreted as
a Candida infection or intertrigo; in these localiza-
tions, Haley-Haley disease should also be consid-
ered. Scaling and crusted lesions of the scalp
simulate tinea favosa; pustules on the scalp may be
misdiagnosed as folliculitis decalvans. Noduloul-
cerative lesions involving the gums resemble the
so-called strawberry gingivitis of Wegener’s
granulomatosis. The symptoms and signs related
to internal organ involvement may mimic many
conditions, both neoplastic and inflammatory.
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Leukoerythroblastosis
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Synonyms

Leukoerythroblastosis; Leukoerythroblastic ane-
mia; Leukoerythroblastic blood smear;
Myelophthisic anemia

Langerhans Cell Histiocytosis, Skin,
Fig. 7 Langerhans cell histiocytosis (LCH). Electron
microscopy: typical LCH cell with a cytoplasm rich in
Birbeck granules

Langerhans Cell Histiocytosis, Skin,
Fig. 6 Langerhans cell histiocytosis (LCH). Immunohis-
tochemistry: the LCH cells are positive for CD207
(langerin) (original magnification, � 200)
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Definition

The term leukoerythroblastosis describes
a presence of myeloid and erythroid (nucleated
red blood cells) precursors in peripheral blood.
Leukoerythroblastic blood smears are frequently
associated with anemia, hence the related term
leukoerythroblastic or myelophthisic anemia, the
latter commonly indicating leukoerythroblastosis
due to space-occupying bone marrow process.

Introduction

Leukoerythroblastic anemia was described in
patients with metastatic tumors in early 1900. It
was subsequently defined by Vaughan in 1930s as
“the presence in the peripheral blood of immature
red cells and a few immature white cells of mye-
loid series” (Vaughn 1936). In health, only red
blood cells (RBCs) and mature cells of neutro-
philic series enter circulation. Leukoerythro-
blastosis is considered normal early in the
neonatal period and rarely during pregnancy
(Fig. 1). In healthy term newborns, the nucleated
RBCs are rapidly cleared during first 24 h. Simi-
larly, the granulocytic left shift and neutrophilia,
which can be present at birth, normalize within
first few days of life. Rarely, nucleated RBCs can
be seen in peripheral blood during late pregnancy
or in a postpartum period. In other instances, the
presence of a significant number of erythroid

precursors in a blood sample most commonly
indicates rapid mobilization, dysfunctional pro-
duction, or maturation. Similarly, only mature
granulocytes such as segmented neutrophils and
a few bands are seen in blood under normal phys-
iological conditions. In most instances, the
appearance of myeloid precursors, especially
less mature than a metamyelocyte, is considered
abnormal and indicates a significant bone marrow
insult or stress hematopoiesis, with or without
extramedullary hematopoiesis.

Although mechanisms underlying leukoery-
throblastosis are not fully understood, various
cytokines/chemokines, Toll-like receptor ligands,
leukotrienes, proteases, integrins, bacterial prod-
ucts, tissue hypoxia, and stress on the marrow
hematopoietic and stromal elements have been
implicated in stress hematopoiesis and linked to
the premature release of immature erythroid and
myeloid cells into circulation. Other conditions
associated with a leukoerythroblastic blood
smear include a physical displacement of hema-
topoiesis due to space-occupying lesions, myelo-
fibrosis with resulting alterations of bone marrow
niche, mobilization of hematopoietic stem cells,
and extramedullary hematopoiesis.

Clinical Features

• Incidence
Leukoerythroblastosis is an uncommon find-
ing. According to published literature,
leukoerythroblastosis was found in approxi-
mately 0.4–0.5% of peripheral blood smears
(Retlief 1964; Weick et al. 1974). Not surpris-
ingly, the incidence of leukoerythroblastosis
appears to be higher in an inpatient setting
and had been identified in approximately 5 %
of adults admitted to a single hospital over
a 5-year period (Burkett et al. 1965).

• Age and Sex
General information regarding age and gen-
der distribution of leukoerythroblastosis is
sparse. Leukoerythroblastosis can occur in
both children and adults. The age and sex
distribution follows the frequency of causa-
tive conditions.

Leukoerythroblastosis, Fig. 1 Myeloid left shift and
occasional nucleated RBCs in a newborn

284 Leukoerythroblastosis



Microscopy and Differential Diagnoses

Leukoerythroblastosis can occur in a variety of
reactive conditions and malignant neoplasms
(Table 1). The reader is referred to specific ency-
clopedia entries for detailed descriptions of indi-
vidual entities. In the following paragraphs we
will discuss salient morphological features of
these entities.

By definition, leukoerythroblastosis includes
a presence of erythroid and myeloid precursors
in peripheral blood. Anemia, polychromasia,
anisocytosis, and poikilocytosis are frequently
seen. Specific poikilocytes can provide a clue as
to the etiology of a leukoerythroblastic blood film.

For example, tear drop cells (dacryocytes) are
commonly seen in patients with a significant mye-
lofibrosis or space-occupying lesion such as
metastatic malignancy. Schistocytes and micro-
spherocytes are seen in hemolytic anemias. Sickle
cells can obviously be found in cases of sickle-cell
disease.

Left-shifted myeloid series typically includes
metamyelocytes and earlier stages of myeloid
maturation, which are usually not seen in
healthy individuals except for pregnant women
and newborns. The cytological features of mye-
loid precursors vary dependent on the primary
cause of leukoerythroblastosis. For example,
a dysplastic myeloid series can be seen in
cases of myeloproliferative neoplasms or
myelodysplastic syndrome, or hypersegmented
neutrophils are characteristic for megaloblastic
anemia.

Platelet count varies dependent on the primary
diagnosis. Platelet abnormalities such as giant/
large size and abnormal granulation are com-
monly identified in cases of myeloproliferative
neoplasms or myelodysplastic syndromes.

Up to two-thirds of leukoerythroblastic blood
smears seen in a general population are associated
with nonmalignant processes. In a study carried
out by Burkett et al., leukoerythroblastosis was
found in 3% patients admitted due to infections
and 7% patients with hemorrhage. Leukoery-
throblastic reaction may also occur in patients
with chronic anemias due to intrinsic or extrinsic
RBC survival defects such as sickle-cell disease
or microangiopathic hemolytic anemia (MAHA)
and nutritional deficiencies such as megaloblastic
anemia.

Nucleated RBCs are common in peripheral
blood of patients with sickle-cell disease, and
leukoerythroblastic reaction accompanied by
sickle cells can be seen in sickle-cell crises.
Bone marrow evaluation typically shows com-
pensatory erythroid hyperplasia; however, it is
only recommended in cases with an abrupt
unexplained exacerbation of an underlying ane-
mia. In such cases, acute Parvovirus infection and
marrow necrosis/infarction should be considered.
Both of these conditions can lead to
a leukoerythroblastic reaction.

Leukoerythroblastosis, Table 1 The most common
causes of leukoerythroblastosis

Inheritable disorders Crises of sickle-cell
disease
Thalassemia major
Storage diseases
Osteopetrosis
Oxalosis

Other non-neoplastic
conditions

Severe infections/sepsis
Bone marrow granulomata
Anemias
Hemolytic anemias
(including
erythroblastosis fetalis)
Severe megaloblastic
anemia

Shock
Trauma
Bone marrow infarction
Bone marrow recovery
Autoimmune diseases
Granulocyte-Colony-
Stimulating Factor (G-
CSF) therapy

Malignancies
Myeloproliferative
neoplasm (MPN)
Primary myelofibrosis
Myelofibrotic stage of
MPN

Acute leukemias
Myelodysplastic
syndromes
Bone marrow
involvement by
lymphoma and non-
hematopoietic neoplasms
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Leukoerythroblastosis has been reported in
patients presenting with MAHA. The prototypes
of MAHA include thrombotic thrombocytopenic
purpura and hemolytic-uremic syndrome. In these
conditions, extensive endothelial damage and
thrombosis leads to the formation of schistocytes,
polychromasia, and thrombocytopenia, which can
be accompanied by a typical leukoerythroblastic
reaction (Fig. 2). Bone marrow evaluation is not
required and if performed reveals nonspecific
findings including erythroid and myeloid hyper-
plasia. The diagnosis of MAHA relies on the
morphological features of the peripheral blood
smear, laboratory testing for ADAMTS13 and its
inhibitor levels, and clinical information.

Patients with megaloblastic anemia can present
with a leukoerythroblastic reaction. In addition to
immature erythroid and myeloid cells, macro-
ovalocytes, hypersegmented neutrophils, and
Cabot rings are typically seen. Bone marrow eval-
uation is not required and if performed shows
a hypercellular marrow with a reversed myeloid/
erythroid ratio, asynchronous nuclear and cyto-
plasmic maturation, and megaloblastic features
in the erythroid and myeloid precursors.

Leukoerythroblastosis can accompany infec-
tions and often occurs transiently when the patient
is severely ill. The offending microorganisms
include bacteria (Staphylococcus aureus, Klebsi-
ella), viruses (CMV, EBV, and Parvovirus),

Mycobacteria, and fungi. Patients typically pre-
sent with leukocytosis and less often with
decreased white blood cell counts. Occasionally,
in children the leukoerythroblastic reaction due to
a viral infection is so prominent that it could lead
to a clinical suspicion of a myeloproliferative neo-
plasm. In these cases, bone marrow shows matur-
ing hematopoiesis with variably increased or
decreased erythropoiesis, granulopoiesis, and
megakaryopoiesis. Correlation with clinical his-
tory, viral serology, and bacterial cultures is typi-
cally required for a definitive diagnosis.

Other non-neoplastic disorders associated with
leukoerythroblastic reactions include marrow
necrosis, storage diseases, and granulomatous
inflammation. Extensive bone marrow necrosis
can be seen in hematopoietic neoplasms including
acute leukemias, non-hematopoietic tumors,
infections, sickle-cell anemia, and occasionally
autoimmune disorders. The latter can also be asso-
ciated with a significant marrow fibrosis leading
to leukoerythroblastosis. Granulomata are pre-
dominantly seen in cases of miliary tuberculosis
or fungal infections as well as in malignancies.

Both hematopoietic and non-hematopoietic
metastatic neoplasms, particularly those with
prominent myelofibrosis or desmoplastic reac-
tion, are associated with leukoerythroblastic ane-
mia. Primary myelofibrosis, fibrotic/late stages of
polycythemia vera and essential
thrombocythemia, and myelodysplastic syndrome
with fibrosis are most commonly associated with
a leukoerythroblastic reaction. The nucleated
RBCs can be accompanied by significant
anisopoikilocytosis with frequent dacryocytes
(Fig. 3) (Czader and Orazi 2015). Myeloid pre-
cursors can show dysplastic features. Giant and
hypogranular platelets can be also seen. Bone
marrow shows significant myelofibrosis with
effacement of maturing trilineage hematopoiesis.
Extramedullary hematopoiesis is frequent.

Effacement of hematopoiesis by a space-
occupying lesion, with or without desmoplastic
reaction, is responsible for leukoerythroblastosis
seen in cases of metastatic malignancies or bone
marrow involvement by lymphoma. The bone
marrow cavity is involved focally or extensively,
by aggregates or sheets of tumor cells. Bone

Leukoerythroblastosis, Fig. 2 Leukoerythroblastosis
in hemolytic uremic syndrome. In addition to left shift
and nucleated RBCs, several schistocytes are seen (red
arrows)
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marrow aspiration may not be feasible due to
a markedly hypercellular (“packed”) marrow
and/or fibrosis/desmoplastic reaction. If an ade-
quate aspiration is obtained, scattered, often clus-
tered, or degenerated tumor cells can be identified
and are often more prominent at the edges of the
aspirate smears. In most instances, these cells can
be readily distinguished from hematopoietic cells
based on their cytology. The most common met-
astatic malignancies in adults originate from pros-
tate, lung, gastrointestinal tract, and breast
(Krishnan et al. 2007). In the pediatric population,
small blue cell tumors such as neuroblastoma are
the leading cause of leukoerythroblastosis associ-
ated with metastases. It is noteworthy that not all
cases of leukoerythroblastosis associated with
malignancies show bone marrow metastases,
which may suggest that leukoerythroblastosis
can also be a paraneoplastic phenomenon. Con-
versely, the extent of involvement alone does not
predict the incidence of leukoerythroblastosis.
Only approximately 50% of patients with bone
marrow metastases show leukoerythroblastic
blood smears. Several studies have indicated that
there is a correlation between leukoerythro-
blastosis and myelofibrosis in patients with mar-
row metastases and that metastases alone are not
sufficient to elicit a leukoerythroblastic reaction.
Nevertheless, in patients with a known history of
malignancy, the presence of leukoerythroblastosis
should prompt a bone marrow exam to exclude

metastatic disease. Of note, occasionally an occult
malignancy was diagnosed based on bone marrow
evaluation in a patient with leukoerythroblastosis.

In summary, leukoerythroblastosis is fre-
quently associated with reactive conditions in
which the diagnosis is apparent from clinical pre-
sentation and laboratory data. If the cause of
leukoerythroblastic reaction is not obvious,
a bone marrow biopsy may be required to exclude
a primary bone marrow neoplasm or bone marrow
involvement by metastatic malignancy.
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Definition

Littoral Cell Angioma (LCA) is a benign vascular
neoplasm that is unique to the spleen. Its tumor

Leukoerythroblastosis, Fig. 3 Left-shifted granu-
locytes (black arrow) and dacryocytes (red arrow) in the
peripheral blood in primary myelofibrosis
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cells exhibit a distinct immunophenotype that
combines endothelial and histiocytic features. Eti-
ology and pathogenesis of LCA are unknown, but
the enigmatic association of LCA with various
malignancies is so strong that all LCA patients
should be thoroughly screened and followed for
concomitant cancers.

Malignant counterparts of LCA, littoral cell
hemangioendothelioma and littoral cell
angiosarcoma have been described, as well as
combined tumors featuring LCA and malignant
littoral cell tumor components.

Clinical Features

• Incidence and clinical symptoms
The true incidence of LCA is not known. First
described in 1991 (Falk et al. 1991)
about 200 LCA cases have been published to
date. Tumors combining LCA and malignant
littoral cell tumor features are exceedingly rare
(Ben-Izhak et al. 2001).

Most LCA are found incidentally by imag-
ing studies as single or multiple, hyperdense
nodules in an enlarged spleen. Typical clinical
findings are abdominal pain, thrombocytope-
nia (12%), and anemia (8%), while fever,
fatigue, and splenic rupture (<5%) are rare
(Peckova et al. 2016; Pilz et al. 2011). Single
reports on metastasis years after splenectomy
for apparently conventional LCA are on
record (Takayoshi et al. 2018). However,
whether such cases reflect sampling errors in
case of massive splenomegaly (Sarandria
et al. 2014) or represent a small LCA subset
with histologically unpredictable aggressive
behavior is currently unclear. In any case,
clinical course and survival are mainly
influenced by the concomitant malignancies
that occur in up to 60% of LCA patients
(Peckova et al. 2016).

• Age
LCA occurs almost only in adults (mean:
56.2 years) (Peckova et al. 2016), but rare
cases in children (5%) and even neonates
have been reported (Gakenheimer-Smith et al.
2018; Falk et al. 1991).

• Sex
There appears to be no consistent gender bias
(Peckova et al. 2018; Falk et al. 1991).

• Site
The tumor is thought to arise from sinus lining
(littoral) cells in the red pulp, and there is no
preferred region of manifestation in the spleen.
Multiple separated tumor nodules are com-
mon, while LCA in accessory spleens or syn-
chronous LCA in main and accessory spleen
are rare (Pilz et al. 2011).

• Treatment
Splenectomy is the necessary and sufficient
therapy for LCA, followed by long-term
follow-up for early detection of metachronous
cancers. Partial splenectomy has been reported
as well (Mac New and Fowler 2008). An
exceptional, apparently conventional LCA
that metastasized to the liver (see above for
caveat) showed a good response to chemother-
apy (Takayoshi et al. 2018).

• Outcome
LCA is a benign lesion that is cured by sple-
nectomy. Fatal outcome related to bona fide
LCA has not been reported. Long-term post-
operative outcome is determined by the con-
comitant hematologic, epithelial, and
mesenchymal malignancies. Late metastases
of an apparently conventional LCA
(Takayoshi et al. 2018) should trigger
re-evaluation of the primary tumor with respect
to differential diagnoses such as littoral cell
hemangioendothelioma (Pleckova et al. 2016;
Ben-Izhak et al. 2001).

Macroscopy

The spleen is almost always enlarged (weight:
180–3700 g) and the cut surface generally shows
multiple, contiguous or confluent, non-
encapsulated but well-demarcated, spongy or
vaguely cystic nodules measuring up to 5 cm
and showing brown, dark-red, or black discolor-
ation. Large tumors may almost completely
replace the splenic parenchyma (Fig. 1a)
(Peckova et al. 2016). Multiple, apparently sepa-
rate, LCA in a given spleen are common, while
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synchronous tumors in main and accessory spleen
are rare (Pilz et al. 2011).

Microscopy

Histologically, tumors are made of channels that
are usually wider than normal splenic sinuses or
even cystic and filled with blood or thrombotic
material in various stages of organization.
A fibrous capsule is missing and the nodules
may elicit compression of the adjacent non-
neoplastic splenic tissue. Papillary fronds may
project into the channel lumina or cysts. Luminal
surfaces are lined with flat and plump, columnar

endothelial cells that dissociate from the channel
walls (Fig. 1b, c) and exhibit hemophagocytosis
and ferritin deposition. Atypia, solid tumor
growth, and necrosis are absent and mitotic activ-
ity is very low (Falk et al. 1991). Extramedullary
hematopoiesis may occur inside the tumor and
in the peritumoral splenic tissue (Peckova
et al. 2016).

Immunophenotype

The immunophenotype of the tumor cells in LCA
is rather unique, allowing distinction of LCA from
histological mimics (Table 1). The phenotype

a b

c d

e

CD68 CD34

Littoral Cell Angioma, Fig. 1 Littoral cell angioma
(a) Macroscopy: cut surface of formalin fixed spleen with
extensive, dark, well-delinated tumor (generous gift of
Prof. Alexandar Tzankov, MD, Institut of Pathology, Uni-
versity of Basle, Basle, Switzerland) (b) Narrow and
extended sinus-like channels filled with blood and
sloughed-off tumor cells that line the channel walls (HE,
x50) (c) Papillary frond projecting into luminal space of

a channel: fibro-vascular core covered by plump, tall neo-
plastic littoral cells, some of which appear loosely attached
(HE, x200) (d) Tumor cells lining a channel wall with
expression of CD68 (and CD31, not shown)
(Immunoperoxidase, x100) (e) Neoplastic littoral cells
covering fibro-vascular core are CD34(�) (arrows), while
non-neoplastic endothelial cells of capillaries in the stroma
are CD34(+) (Immunoperoxidase, x200)
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comprises an incomplete profile of vascular endo-
thelial cells (CD31+ CD34(�) ERG+ WT-1(�))
and histiocytic features (e.g., CD68+, CD163+,
lysozyme+, cathepsin D+) (Fig. 1d, e). Although
LCA is generally thought to be derived from sinus
wall endothelial (littoral) cells, key markers of
normal littoral cells (CD8, WT-1) are not
expressed in LCA. On the other hand, CD21, a
marker that is absent from normal littoral cells, is
abnormally expressed by tumor cells, in the vast
majority of LCA cases, at least focally. LCA is
consistently negative for the lymphatic endothe-
lial marker, podoplanin (antibody D2-40)
(Peckova et al. 2016; O’Malley et al. 2015;
Arber et al. 1997; Falk et al. 1991).

Molecular Features

Molecular features of LCA have not been
reported.

Differential Diagnosis

Single or multiple focal lesions in the spleen are
common in hematopoietic and mesenchymal
splenic tumors, metastases, cystic/cyst-like

lesions (such as peliosis), and embolic and gran-
ulomatous lesions and infections. To distinguish
between these possibilities, biopsies or splenec-
tomy are often inevitable. Histologically, LCA
must then be distinguished from various vascular
tumors or tumor-like lesions that elicit “nodular
splenomegaly.”

Capillary and cavernous hemangiomas are
composed of regular capillaries or irregular con-
glomerates of ectatic vascular structures that are
lined with flat to cuboidal endothelial cells, while
LCA is made of sinus-like channels that are lined
with plump columnar cells. However, normal
splenic sinuses that are encircled by angiomatous
proliferations must not be mistaken for true tumor
components. The immunophenotypes of heman-
giomas (CD31+ CD34+ ERG+ WT-1+ CD21(�)
CD68(�)) and LCA (CD31+ CD34(�) ERG+
WT-1(�) CD21+ CD68+) are very different
(Table 1). Any significant cellular atypia, mitotic
activity, or solid growth should raise doubt about
the diagnosis of either tumor. Since tumors show-
ing LCA and malignant components (see next
paragraph) and rare “metastasizing LCA” have
been reported, extensive sampling of every LCA
is recommended.

Littoral cell hemangioendothelioma (LCAE)
and littoral cell angiosarcoma (LCAS) are

Littoral Cell Angioma, Table 1 Comparison of the typical immunohistochemical profile of tumor cells of littoral cell
angioma (LCA) (CD31+ CD34� ERG+ WT1� CD8� CD21+ CD68+) and its histological mimics

LCA
Normal sinus wall (littoral)
cells

Hemangioma Normal blood
vessels Angiosarcoma Peliosis

CD31 + + + + +/�a

CD34 � � + + or � �
ERG (nuclear) + + + + ?b

WT1
(cytoplasmic)

� + + (or �c) +

CD8 � + � �/+d +

CD21 +/�e � � � �
CD68 + + �/+f �/+f +a

aMacrophages and littoral cells in the walls of cyst-like cavities of peliosis can be CD31+ and CD68+
bO’Malley et al. (2015) report defective ERG expression in the one and only peliosis case they studied; therefore,
confirmation of this finding is needed
cEndothelial cells in cavernous hemangiomas may be WT-1-negative (O’Malley et al. 2015)
dFocal expression of CD8 can occur in a subset of splenic angiosarcomas (Arber et al. 1997)
eCD21 expression is rarely absent in LCA
fFocal and faint expression of CD68 has been reported in endothelial cells of diffuse angiomatosis and some
angiosarcomas of the spleen (Arber et al. 1997)
+, immunoreactivity; �, no immunoreactivity
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essentially defined by the LCA-like
immunophenotype of their tumor cells
(i.d. “hybrid” endothelial and histiocytic features)
but features of malignancy: mild atypia, low
mitotic activity, focal necrotic, or minor solid
tumor areas in case of LCAE; marked atypia,
high mitotic rate and variable necrosis in case of
LCAS (Ben-Izhak et al. 2001).

Conventional angiosarcoma of the spleen
in contrast to LCA (and its malignant counter-
parts) is composed of atypical neoplastic endothe-
lial cells that lack a LCA-like ‘hybrid’
immunophenotype, particularly histiocytic fea-
tures (maybe with the exception of focal and
faint CD68 expression) (Arber et al. 1997).
CD21 expression is consistently absent. Com-
pared to hemangiomas, expression of CD34 can
be more variable or rarely negative, while lym-
phatic marker, e.g., podoplanin (D2-40), as well
as keratins may be positive. Tumor cells can form
irregular vessels, solid sheets of epithelioid tumor
cells, or exhibit spindle cell morphology. While
most angiosarcomas show obvious atypia, high
mitotic activity, and necrosis, some cases look
deceptively bland, requiring thorough search for
atypia and mitoses.

Kaposi sarcoma may form multiple nodules in
the spleen, almost always together with manifes-
tations in the skin of HIV patients. Typical fea-
tures are mostly bland looking but mitotically
active spindle cells with numerous interstitial
erythrocytes. Detection of nuclear HHV8 expres-
sion in CD31+ CD34+ ERG+ CD8(�) and com-
monly D2-40+ endothelial tumor cells is
diagnostic.

Multifocal cystic lymphangiomas and cystic
lymphangiomatosis may become blood-filled by
hemorrhage and resemble LCA macroscopically.
However, the barely proliferative endothelial cells
lining the cyst walls are flat and express
podoplanin (reactive with the D2-40 antibody).

Splenic hamartoma (splenoma) is a tumor-like
lesion that mostly forms a single, dark-read, non-
encapsulated, vaguely delineated nodule, but
multinodular or multifocal cases do occur.
Hamartomas share with LCA the enigmatic asso-
ciation with concomitant neoplastic diseases. In
contrast to LCA, hamartomas are entirely

composed of histologically and immunopheno-
typically normal (i.e., CD8+ WT-1+ CD21(�))
red-pulp sinuses. Hamartomas are typically
devoid of components of the white pulp.

Peliosis is another enigmatic tumor-like lesion
of the spleen that – like LCA and hamartoma – is
commonly associated with various malignancies.
The multinodular, non-encapsulated, highly
rupture-prone process is made of cysts-like cavi-
ties that are filled with blood or thrombi. Cavity
walls are composed of normal sinus wall (littoral)
cells (usually only focally), splenic cord macro-
phages, and reticulin fibers (Table 1).

Bacillary angiomatosis (BA) is caused by
Bartonella species and occurs almost only
in HIV+ patients. While cutaneous lesions are
common, visceral manifestations are rare, includ-
ing peliosis-like splenic nodules. In contrast
to “true” peliosis, BA lesions are composed of
hemangioma-like reactive capillary proliferations
that are rich in neutrophilic granulocytes and
extravasated erythrocytes. The gram-negative,
rod-shaped bacilli are best seen with a Warthin-
Starry stain. In contrast to Kaposi sarcoma, HHV8
is absent in BA.
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Synonyms

Lymph gland

Anatomy

Humans have approximately 450 lymph nodes
scattered throughout the body (Willard-Mack
2006). They can be classified into peripheral
lymph nodes that can be palpated from the outside
and central lymph nodes that cannot be palpated.
Peripheral lymph nodes form clusters in the axil-
lary, head and neck, inguinal, and popliteal area.
Central lymph nodes are scattered throughout the
body but cluster in the hilum of most organs, in
the mediastinum, and around the aorta and large
pelvic vessels.

Function

Lymph nodes function as filters for the lymphatic
fluid (lymph). Lymph is formed by capillary
filtration and reaches the lymph node through
lymphatic vessels. It then travels from the
capsule toward the hilum of the lymph node
through the subcapsular sinus, trabecular
sinus, and medullary sinus. The sinuses are
lined by macrophages that serve as filters for
the lymph. In case of invasion of the body by
foreign material, antigen-presenting cells
and inflammatory mediators travel within the
lymph to the lymph node where they can activate
lymphocytes. Lymphocytes are circulating
cells that enter the lymph node through high
endothelial venules in the paracortical areas.
These lymphocytes then interact with
dendritic cells to search for the antigen that fits
their receptor. T-cells interact with dendritic
cells in the paracortex, and B-cells interact with
follicular dendritic cells in primary follicles.
If a fitting antigen is present in the presence of
stimulatory signals, the B- or T-cell will
become activated, resulting in a cellular or
humoral immune response. If the lymphocyte
does not find a fitting antigen, it will eventually
leave the lymph node and travel to another
lymph node.

Size, Weight

Normal lymph nodes are small, bean-shaped
organs. The normal maximum size of a lymph
node differs somewhat between different loca-
tions, but usually a lymph node is considered
enlarged if the short-axis diameter is more than
10 mm.

Macroscopy

Lymph nodes are usually situated in fatty tissue
and have a brown-pinkish color and glossy
appearance. Lymph node macroscopy can vary,
depending on the location of the lymph
node and the age of the patient. Frequently
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observed variations on the standard pattern
are lipomatosis, fibrosis, and antracosis.
Lipomatosis is particularly frequent in lymph
nodes in the axillary and pelvic region. In
lipomatosis, the central part of the lymph node
is replaced by normal mature adipose tissue.
With extensive lipomatosis, only a small
peripheral rim of lymphocytes remains, and
the boundary between lymph node and
surrounding fatty tissue can be hard to distin-
guish by the eye. However, the lymph node can
usually be recognized by palpation rather easily.
In addition to mere replacement of normal lymph
node by fatty tissue, addition of additional adi-
pose tissue can cause enlargement of lymph
nodes.

Fibrosis is most frequently observed in pelvic
and inguinal lymph nodes. It is also centered on
the center of the lymph node and can cause
significant distortion of normal lymph node
architecture. The pattern of fibrosis varies from
fine specks of fibrosis to more coarse fibrotic
bands.

Antracosis, the accumulation of carbon
pigment, can be seen in older individuals in
lymph nodes that drain the lungs (i.e., pulmonary
and mediastinal lymph nodes). Macroscopically,
the lymph node has a dark color.

Microscopy

Lymph nodes are surrounded by a thin fibrous
capsule that is penetrated by small efferent
lymph vessels that carry the lymph from the
draining tissue to the lymph node and empty into
the subcapsular sinus (Figs. 1 and 2). The lymph
then flows to the center of the lymph node through
small sinuses that do not have an endothelial
lining but instead are lined by macrophages. At
the center of the lymph node, the lymph is col-
lected in an afferent lymph vessel that leaves the
lymph node through the hilum. Because the
lymph enters the lymph node at the periphery in
the subcapsular sinus, and because subsequent
passage of cells and particles is prevented by the
small diameter of the following sinuses,
lymphogenic metastases from a tumor in the
drainage area of a particular lymph node will get
stuck in the subcapsular sinus of that lymph node.
Indeed, small metastases of solid tumors are very
frequently found in the subcapsular sinus.

Trabeculae extend from the fibrous capsule
into the lymph node parenchyma. The lymph
node parenchyma can be divided into the cortex
and medulla. The cortex andmedulla are occupied
by different organizations of cells that carry out
different functions (Fig. 3):

Lymph Node,
Fig. 1 Schematic diagram
of a lymph node
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Lymph Node, Fig. 2 Normal lymph node with indication of efferent and afferent lymph vessels and large blood vessels
in the hilum

Lymph Node, Fig. 3 Normal lymph node with indication of primary follicles (PF), secondary follicles (SF), paracortex,
cortical sinus, cortex, medulla, medullary cords and medullary sinuses
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Lymphoid follicles. Lymphoid follicles play a
key role in humoral immunity. They are rounded
organizations of B-cells that are predominantly
situated in the cortex. Primary follicles are collec-
tions of small B-cells at rest that are waiting to be
activated in response to a specific antigen. Pri-
mary follicles can be hard to recognize as they
are surrounded by small T-cells with a similar
cellular morphology. After activation, the primary
follicles develop into secondary follicles, which
can be recognized by the presence of a germinal
center.

Paracortical areas. The paracortical area
(synonym: paracortex) is a rather ill-defined area
situated in the cortex between the follicles. It
contains lymphocytes which are mostly T-cells
with some intermingled B-cells. The T-cells in
the paracortex are the main players in cellular
immunity. The paracortex also contains the spe-
cialized high endothelial venules that provide the
point of entry for circulating lymphocytes into the
lymph node.

Sinuses. The sinuses consist mainly of macro-
phages and supporting reticular cells (fibroblasts).
Lymph flows through the sinuses in small chan-
nels that are covered by macrophages. These mac-
rophages filter the lymph and are able to
phagocytize particles for antigen presentation.
The subcapsular sinus is located just under the
capsule. The subcapsular sinus empties into the
cortical sinuses which are also called trabecular
sinuses as they are situated around the trabeculae.
The cortical sinuses connect to the medullary
sinuses.

Medullary cords. In the medulla, the dark
purple medullary cords and lighter medullary
sinuses form an alternating pattern. The medullary
cords mainly consist of plasma cells, lympho-
cytes, and histiocytes.

High-Power Microscopy
Follicles. Primary follicles are inconspicuous
structures that consist of a rather monotonous
population of small B-lymphocytes. In contrast,
the secondary follicles are easily recognized

because of their germinal centers. The function
of the germinal center is to generate plasma cell
precursors that produce high-affinity antibodies
against a specific antigen. In addition, memory
B-cells are generated that will generate a quick
response if the antigen is encountered again. The
germinal center forms a central round zone that is
surrounded by the remaining cells of the primary
follicle that form the surrounding mantle zone.
The mantle zone can be surrounded by a mar-
ginal zone, although this is infrequently
observed in lymph nodes. In the spleen, mesen-
teric lymph nodes, and Peyer patches, a marginal
zone can be seen more frequently. The
mantle zone consists of small lymphocytes
with round nuclei, whereas the marginal
zone consists of lymphocytes with somewhat
larger and more irregular nuclei with more abun-
dant cytoplasm.

If a particular pathogen infects a tissue, patho-
gens or parts of pathogens (antigens) will arrive
through the lymph at the lymph node that drains
that tissue. If the lymph node contains B-cells
with B-cell receptors that recognize an antigen,
these B-cells will become activated. Although the
B-cell receptor might be able to recognize an
antigen, this recognition is going to be optimized
in the germinal center reaction. To achieve this, a
lot of offspring from the original B-cell is created.
This offspring differs subtly from its ancestor
because different small mutations are being intro-
duced in parts of the B-cell receptor genes that
encode for the antigen-recognizing parts in a pro-
cess called somatic hypermutation. This will
result in a lot of different B-cells that differ
slightly from their ancestral “primary” B-cell in
their affinity for the antigen. Some of these muta-
tions will cause a loss of affinity for the antigen,
and these B-cells will undergo apoptosis due to
the absence of co-stimulatory signals. The B-cells
with the “best fit” to the antigen will survive and
will grow out into plasma cells and memory
B-cells.

The germinal center contains multiple cell
types (Fig. 4):
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B-cells. Most cells in the germinal center
are B-cells. As a lot of cell division is necessary
to generate a large array of slightly different
B-cells in the process of somatic hypermutation,
frequent mitoses can be observed. A lot of
the generated B-cells will be of lower affinity
for the epitope in comparison to the “primary”
B-cell and will undergo apoptosis.
Accordingly, numerous apoptotic cells can be
recognized. Germinal center B-cells are sub-
divided morphologically into centroblasts and
centrocytes.

Centroblasts are actively dividing cells. They
have large vesicular nuclei with course
chromatin. In cytological preparations where
the entire nucleus is present, they have several
distinct nucleoli adjacent to the nuclear mem-
brane. In a tissue section, some of these nucle-
oli might not be present. Centroblasts have a
small rim of the cytoplasm that stains
intensely basophilic with Giemsa stains.

Centrocytes show less proliferative activity com-
pared to centroblasts. They are smaller than
centroblasts and have nuclei with a finer chro-
matin structure and an irregular/indented
nuclear contour. They have scant cytoplasm
that is negative in Giemsa stains.

Tingible body macrophages. Tingible body
macrophages, so-called because of the presence of

stainable (“tingible”) material in their cytoplasm,
take care of the phagocytosis of apoptotic cells.
Because of their abundant cytoplasm, they give a
“starry sky” appearance to the germinal center.
Macrophages have large nuclei with fine chroma-
tin structure.

Follicular dendritic cells (FDCs). FDCs are
the antigen-presenting cells of the germinal cen-
ter. They have large oval nuclei with fine chroma-
tin and a small nucleolus. They are frequently
present in pairs or as binucleate cells. Their cyto-
plasm is hard to appreciate in conventional stains,
but with immunohistochemistry their slender
cytoplasmic processes (“dendrites”) can be
observed.

Follicular helper T-cells. Small numbers of
TFH cells, which provide co-stimulatory signals
to the B-cells, are also present in the germinal
center. They have small round nuclei with fine
chromatin and little cytoplasm.

Plasma cells. The germinal center reaction is
intended to ultimately give rise to plasma cell
precursors and plasma cells, and accordingly,
plasma cells can be identified in some germinal
centers. Plasma cells can be recognized morpho-
logically by an eccentrically located nucleus with
coarse, “cart wheel” chromatin, a perinuclear halo
representing the Golgi system, and abundant
amphophilic cytoplasm.

The fully developed germinal center is
divided into zones (Fig. 5). The centroblasts

Lymph Node,
Fig. 4 High-power
morphology of cells in the
germinal center
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mainly reside in the dark zone which is also the
area of highest proliferative activity,
corresponding with numerous mitoses. The
light zone is mainly occupied by centrocytes.
In the light zone, the B-cells with the best fit for
the antigen are selected, and accordingly, a lot
of apoptosis can be seen here. In practice how-
ever, this zonation is often not seen because it
has not been developed yet (the early germinal
center consists largely of centroblasts) or
because only the light or dark zone has been
hit in the plane of section.

With time, the follicle will show regression
which can take multiple forms. The follicle
can become hyalinized or atrophic in which
the germinal center becomes smaller with
deposition of eosinophilic material. The mantle
zone around atrophic follicles frequently forms
concentric rings, giving it an “onionskin”
appearance.

Paracortex. The paracortex is the main T-cell
area in the lymph node. The T-cells show a
morphology varying from small immature
T-cells to activated T-cell blasts, which arise
after activation of the cellular immune response.
Interdigitating dendritic cells are situated in
between the T-cells and impart a starry sky
appearance without apoptotic bodies. These den-
dritic cells are the antigen-presenting cells of the
paracortex.

Medullary cords. The medullary cords are
the primary location of plasma cells in the
lymph node and contain a spectrum of cells
from small B-lymphocytes to plasma cells with
immunoblasts and plasmablasts. The small
lymphocytes in the medullary cords, like else-
where, have small rounded nuclei with fine
chromatin and little cytoplasm. Lymphoplas-
macytoid cells have a morphology that is inter-
mediate between lymphocytes and plasma cells
with chromatin that is coarser and cytoplasm
that is more abundant than that of a typical
lymphocyte. Immunoblasts have large nuclei
with course chromatin structure and a central
nucleolus and abundant cytoplasm.
Plasmablasts have large nuclei with multiple
peripheral nucleoli and ample cytoplasm with
a perinuclear halo.

Immunohistochemistry

Primary and secondary follicles. Immunohis-
tochemical staining for pan B-cell markers
(e.g., CD20, CD79a, PAX5, Fig. 6) will accen-
tuate primary and secondary follicular with a
limited number of scattered B-cells in the para-
cortex. Extensive presence of B-cells in para-
cortical areas raises suspicion of B-cell
lymphoma. Germinal centers are positive for
germinal center markers (e.g., CD10, BCL6,
LMO2, HGAL) and display a high prolifera-
tive activity with MIB1/Ki67 (Fig. 6). The
high apoptotic activity is reflected by the lack
of staining for BCL2 in germinal centers;
BCL2 is an anti-apoptotic protein, and because
a lot of apoptosis is necessary in the germinal
center, BCL2 is negative. This feature can be
helpful in distinguishing neoplastic germinal
centers from normal germinal centers; expres-
sion of BCL2 in a germinal center is an indi-
cation of malignancy. However, the follicular
T-helper cells which are also present in the
germinal center are BCL2 positive. Dendritic
cells and their meshworks express CD21 and

Lymph Node, Fig. 5 Zonation of a normal germinal
center with the dark zone containing mostly centroblasts
and the light zone containing mostly centrocytes
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CD23, CD21 being the most sensitive, with
CD23 also staining cells of the mantle zone.

Paracortex. The paracortex is accentuated
by staining for pan T-cell markers
(e.g., CD2, CD3, CD5, CD7, Fig. 6). In the
normal situation, CD4-positive T-cells
(T-helper cells) outnumber the CD8-positive
T-cells (cytotoxic T-cells) with a CD4:CD8
ratio of 1.5–3:1 (Higgins et al. 2008).
Interdigitating dendritic cells are accentuated by
staining for S100. Rare scattered natural
killer cells can also be identified with specific
immunohistochemical stains (CD56).

Plasma cells. Plasma cells express CD79a, but
not CD20 and PAX5. Plasma cells also express
CD138, CD38, EMA, and high concentrations of
immunoglobulins that can be detected
immunohistochemically with antibodies against
the heavy chains or light chains or using in situ
hybridization with probes against these same
targets.

Table with Important Diseases

Specific
organ Affected by diseases like

Lymph
node

Reactive lymphadenopathy
Non-specific follicular hyperplasia
Autoimmune disease (rheumatoid

lymphadenopathy, SLE lymphadenopathy)
Viral disease (e.g., EBV, HIV)
Syphilis
Toxoplasmosis
Granulomatous lymphadenopathy

(infectious, e.g., Mycobacteria/cat-scratch
disease, sarcoidosis, foreign material)

Whipple lymphadenopathy
Kikuchi disease
Silicone lymphadenopathy
Rosai-Dorfman disease
Langerhans cell histiocytosis
Dermatopathic lymphadenopathy
Castleman disease

Lymphoma
Hodgkin lymphoma
Non-Hodgkin lymphoma

Metastatic disease

Lymph Node, Fig. 6 Immunohistochemistry in a normal
lymph node. CD20 shows the distribution of B-cells which
are located in the follicles in the cortex and in the medulla.
CD3 shows a more or less opposite pattern with accentu-
ation of T-cells in the paracortical areas. Germinal centers

are accentuated with CD10 and Ki67. BCL2 is mostly
negative in the germinal center, although scattered BCL2
positive follicular helper T cells are present. CD21 shows
accentuation of dendritic cell meshworks in the germinal
center
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Synonyms

Acute lymphadenitis; Ischemic lymphadenopa-
thy; Lymph node infarction; Lymphadenopathy;
Necrotizing lymphadenitis; Paracortical hyperpla-
sia; Suppurative lymphadenitis

Definition

Lymphadenitis is broadly defined as inflammation
of the lymph node. The term is often used in
a clinical setting to describe enlarged lymph
nodes, frequently associated with pain and over-
lying erythema of the skin. From a pathology
perspective, however, it is a nonspecific term for
reactive changes that can be further subdivided
into various morphologic patterns. Some of these
patterns are covered in other entries, including
follicular hyperplasia, granulomatous lymphade-
nitis, dermatopathic lymphadenitis, cat-scratch
lymphadenitis, Kikuchi-Fujimoto lymphadenitis,
and toxoplasma lymphadenitis. This entry will
focus on patterns of reactive change that are com-
monly seen and are not covered in other entries,
most notably paracortical hyperplasia, suppura-
tive lymphadenitis, ischemic lymphadenopathy,
and the rare entity of Kimura disease.

Paracortical hyperplasia is an expansion of the
interfollicular regions of the lymph node cortex
(also known as the paracortex). It can manifest as
a diffuse immunoblastic hyperplasia or with
a vaguely nodular pattern. Paracortical hyperpla-
sia is often observed in viral infections (espe-
cially Epstein-Barr virus [EBV]) and can also
be seen in postvaccinial and drug-related lymph-
adenopathy (Weiss and O’Malley 2013,
Abbondanzo 2004); in most cases, the underly-
ing etiology cannot be determined. Nodular para-
cortical hyperplasia (also termed “nodular
paracortical T-cell hyperplasia” or “T-cell
hyperplasia”) is classically associated with
dermatopathic lymphadenitis but can also be
seen in other clinical settings. Paracortical hyper-
plasia often occurs in conjunction with other
reactive patterns, including follicular hyperpla-
sia, sinus histiocytosis, and increased mono-
cytoid B cells. DRESS syndrome is a rare
condition characterized by lymphadenopathy
associated with maculopapular rash, fevers, and
blood abnormalities (atypical lymphocytosis and
eosinophilia). It has been linked to HHV6
reactivation in the context of prior treatment
with antiepileptic medications and other drugs.

Suppurative lymphadenitis (Fraser 2009) is
a type of nongranulomatous necrotizing lymphad-
enitis characterized by an influx of neutrophils
into the lymph node, causing swelling, edema,
and ultimately necrosis and liquefaction. The
most common etiology is bacterial infection, con-
ventionally by pyogenic bacteria such as Staphy-
lococcus aureus and Streptococcus pyogenes, but
fungal or even viral agents can occasionally pro-
duce this pattern.

Ischemic lymphadenopathy is uncommon, as
lymph nodes have abundant vascularity. How-
ever, involvement of the lymph node by malig-
nancy can lead to ischemia, and thus the presence
of massive infarction should raise suspicion for an
underlying neoplasm, most commonly lymphoma
(Jiang et al. 2013). Ischemic lymphadenopathy
can also be seen occasionally in reactive settings
including viral infections, systemic lupus lymph-
adenitis, vascular disease, and in patients who

Lymphadenitis 299

L



have undergone a recent surgical or fine needle
aspiration procedure at the site.

Kimura disease is a rare inflammatory syn-
drome of unknown etiology that is characterized
by peripheral eosinophilia, elevated serum IgE
levels, and subcutaneous masses in the head and
neck region with frequent associated regional
lymphadenopathy (Chen et al. 2004). It has
a strong predilection for young to middle-aged
males of Asian descent and is more rarely seen
in other demographic groups.

Clinical Features

• Incidence
Lymphadenopathy is an extremely common
finding and its precise incidence in the general
population is not known. One study showed
a 0.6% annual incidence of unexplained
lymphadenopathy in the general population;
in that study, 3.2% of affected patients
underwent a biopsy and 1.1% had
a malignancy (Ferrer 1998).

• Age
The incidence of lymphadenopathy varies by
age; palpable cervical, inguinal, or axillary
adenopathy is relatively common in children.
The risk of malignancy in an enlarged lymph
node is also age dependent (Ferrer 1998,
Bazemore and Smucker 2002). In one series,
a benign cause of lymphadenopathy was found
in about 80% of patients under 30 years of age,
while 60% of patients older than 50 presenting
with lymphadenopathy had amalignancy. Infec-
tious mononucleosis is relatively common in
adolescents and is uncommon in older adults,
but the proportion of cases that undergoes
a lymph node biopsy is higher in older individ-
uals (Louissaint et al. 2012).

• Sex
The gender distribution of lymphadenopathy is
dependent upon the underlying cause. Kimura
disease has a strong male predilection.

• Site
The site of lymphadenopathy is variable,
depending upon the underlying cause. While
most cases of palpable lymphadenopathy are

associated with a benign etiology, enlargement
of supraclavicular nodes is always suspicious
and should be investigated, even in children.
Published estimates of malignancy in supra-
clavicular lymphadenopathy range from 54%
to 85% (Bazemore and Smucker 2002). In
infectious mononucleosis, marked tonsillar
enlargement is almost always present and
splenomegaly is seen in about half of cases;
cervical lymph nodes and tonsils are the most
commonly biopsied sites, but occasionally
other sites may be biopsied if the diagnosis is
not considered clinically.

• Treatment
Treatment is directed at the cause of lymphade-
nopathy. Most cases of reactive lymphadenop-
athy are self-limited and resolve without
treatment.

• Outcome
The outcome is variable and dependent upon
the underlying cause of lymphadenopathy.
Kimura disease is a benign reactive process,
although a minority of patients will have
a chronic clinical course with waxing and wan-
ing symptoms.

Macroscopy

In paracortical hyperplasia, the lymph node is
enlarged with a smooth or variably nodular cut
surface. Suppurative lymphadenitis may show
areas of liquefaction and necrosis with a chalky
white or yellow color.

Microscopy

Paracortical hyperplasia: Immunoblastic hyper-
plasia is characterized by expansion of the
interfollicular regions of the lymph node by
increased numbers of immunoblasts amid
a variable mixed inflammatory background of
small lymphocytes, neutrophils, eosinophils, and
macrophages. Immunoblasts are large lymphoid
cells with round to irregular nuclear contours,
vesicular chromatin, and prominent nucleoli. In
immunoblastic hyperplasia, the overall nodal
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architecture is maintained, sinuses are typically
patent, and scattered follicles with normal germi-
nal centers are usually recognized (Fig. 1). In
florid immunoblastic reactions, the immunoblasts
may appear markedly atypical and mimic Reed-
Sternberg cells or the cells of anaplastic large cell
lymphoma; mitoses can be frequent and areas of
apoptotic debris or even necrosis may be present.
Aggregates of monocytoid B cells surrounding
follicles or adjacent to sinuses may also be seen,
particularly in viral infections such as EBV and
CMV. In EBV infection, the immunoblasts may
appear particularly bizarre, and some may be
indistinguishable from Reed-Sternberg cells;
necrosis may be extensive (Figs. 2, 3, and 4).
A prominent component of follicular hyperplasia
usually accompanies the paracortical hyperplasia
in CMV infection; viral inclusions may be rare in
immunocompetent individuals (Fig. 5). T-cell
hyperplasia is characterized by diffuse prolifera-
tions or nodules of small lymphocytes with
scattered pale macrophages and dendritic cells
(Fig. 6) and encompasses dermatopathic lymph-
adenitis (discussed in another entry). In both
immunoblastic and nodular T-cell hyperplasias,
the presence of large immunoblasts as well as
macrophages and dendritic cells scattered among
a background of small lymphocytes often imparts
a mottled appearance at low power (Figs. 7 and 8).

Suppurative lymphadenitis: The lymph node
shows preserved architecture and most notably
contains an infiltrate of neutrophils that may
form microabscesses. The neutrophils are often
associated with necrosis and cellular debris
(Figs. 9 and 10). The surrounding nodal paren-
chyma shows prominent reactive features, includ-
ing follicular and paracortical hyperplasia.
Histochemical stains for microorganisms such as
Brown-Hopps, Warthin-Starry, Steiner, Grocott’s

Lymphadenitis,
Fig. 1 Paracortical
hyperplasia of lymph node
secondary to EBV infection
(infectious mononucleosis).
Low-power examination
shows architectural
distortion but patent sinuses

Lymphadenitis, Fig. 2 Tonsil affected by EBV infection
(infectious mononucleosis). On high-power examination,
there is a polymorphous proliferation of lymphoid cells of
varying sizes, including frequent immunoblasts, admixed
with plasma cells. Mitotic figures are frequent
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methenamine silver, and periodic acid-Schiff
stains may reveal bacterial or fungal forms.

Ischemic lymphadenopathy: This entity is
characterized by coagulative necrosis of the
lymph node, sometimes with relative preservation
of the subcapsular lymphoid tissue. “Ghost cells”
(necrotic eosinophilic remnants of previously via-
ble cells) are present and indicate the infarctive
nature of the lesion. A reticulin stain often dem-
onstrates the preserved underlying nodal architec-
tural remnants. Depending upon the age of the

necrosis, varying degrees of neutrophil infiltration
may be present.

Kimura disease: In this entity, the low-power
architectural organization of the lymph node is
preserved. Three histologic components of
Kimura disease are recognized (Chen et al.

Lymphadenitis, Fig. 4 Paracortical hyperplasia of
lymph node secondary to EBV infection (infectious mono-
nucleosis). Occasional immunoblasts may be markedly
atypical and resemble Reed-Sternberg cells (arrow)

Lymphadenitis, Fig. 5 Paracortical hyperplasia of
lymph node secondary to CMV infection. The paracortex
is hypervascular with predominantly small lymphocytes
and scattered histiocytic aggregates and immunoblasts.
Rare cells have intranuclear CMV inclusions (arrow).
CMV lymphadenitis appears similar to infectious mono-
nucleosis but more often shows a component of follicular
hyperplasia with monocytoid B cells (not shown in this
case) (Courtesy of Dr. Judith Ann Ferry, Massachusetts
General Hospital)

Lymphadenitis, Fig. 6 T-zone hyperplasia, showing
a diffuse proliferation of small lymphocytes and scattered
histiocytes; unlike paracortical immunoblastic hyperplasia,
immunoblasts are rare (Courtesy of Dr. Laurence de Leval,
Institut Universitaire de Pathologie, Lausanne,
Switzerland)

Lymphadenitis, Fig. 3 Paracortical hyperplasia of
lymph node secondary to EBV infection (infectious mono-
nucleosis). Foci of necrosis may be present, associated
with areas containing numerous immunoblasts
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2004): cellular, fibrocollagenous, and vascular.
The cellular component is characterized by
a prominent eosinophilic infiltrate that forms
microabscesses that disrupt follicles and often
enter germinal centers (Fig. 11), with associated
follicular hyperplasia. The fibrocollagenous com-
ponent manifests as sclerosis of the lymph node
capsule as well as the stroma within the lymph

node, often in a perivascular distribution. The
vascular component is identifiable as the prolifer-
ation of postcapillary venules within the nodal
parenchyma.

Immunophenotype

The paracortical areas of the lymph node in reac-
tive conditions are composed predominantly of
CD3+ T cells (Figs. 12 and 13) that retain CD2,
CD5, and CD7 expression and comprise

Lymphadenitis, Fig. 8 Paracortical hyperplasia of
lymph node secondary to adult-onset Still’s disease. On
high-power examination, there is a polymorphous prolif-
eration of immunoblasts, including many with prominent
nucleoli, in a background of small lymphocytes and
scattered phagocytic histiocytes (Courtesy of Dr. Judith
Ann Ferry, Massachusetts General Hospital)

Lymphadenitis, Fig. 9 Suppurative lymphadenitis in
a mediastinal lymph node, showing patchy necrosis and
associated acute inflammation

Lymphadenitis, Fig. 10 Focal suppurative lymphadeni-
tis in an inguinal lymph node affected by secondary syph-
ilis. There is a microabscess with neutrophils as well as
frequent plasma cells at the bottom of the image. Syphilis
was confirmed in this case by Treponema pallidum
immunostain and serologic studies

Lymphadenitis, Fig. 7 Paracortical hyperplasia of
lymph node secondary to adult-onset Still’s disease. This
markedly enlarged lymph node demonstrates the mottled
low-power appearance that frequently characterizes cases
of paracortical hyperplasia (Courtesy of Dr. Judith Ann
Ferry, Massachusetts General Hospital)
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a variable mixture of CD4+ and CD8+ T cells.
Immunoblastic hyperplasia is notable for
increased numbers of B-cell and T-cell
immunoblasts in the paracortex that often
express CD30 (Fig. 14). B-cell immunoblasts
can show attenuated expression of CD20
(Fig. 15) and may co-express CD43 in cases of
infectious mononucleosis, but they retain
expression of other B-cell markers such as
CD19, CD22, and PAX5. The presence of
numerous immunoblasts suggests the possibility
of a viral infection, and stains for

cytomegalovirus, herpes simplex virus, and
especially EBV should be considered. The
immunoblasts in EBV infection include acti-
vated B cells that often express MUM1 but also
frequently increased CD8+ T immunoblasts. The
EBV-infected cells in infectious mononucleosis
are the B-immunoblasts (Louissaint A et al.), and
these can be demonstrated by in situ hybridiza-
tion for EBV-encoded RNA (EBER) or by
immunostaining for EBV latent membrane pro-
tein (LMP1) (Fig. 16); EBER tends to stain
a larger number of cells than LMP1 and is thus

Lymphadenitis, Fig. 12 Paracortical hyperplasia (infec-
tious mononucleosis). CD3 stains numerous T cells in the
areas of paracortical hyperplasia

Lymphadenitis, Fig. 13 Paracortical hyperplasia (infec-
tious mononucleosis). Immunostain for CD20 shows
B cells predominantly in aggregates at the periphery of
the lymph node. There are also scattered CD20-positive
B cells in the paracortical areas

Lymphadenitis, Fig. 14 Paracortical hyperplasia (infec-
tious mononucleosis). There are numerous CD30-positive
immunoblasts

Lymphadenitis, Fig. 11 Kimura disease. There is
a prominent eosinophilic infiltrate encroaching on
a follicle (right side of image) as well as an eosinophilic
microabscess (right side of image)
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more sensitive. CMV immunostain is helpful in
diagnosing CMV lymphadenitis in immunocom-
petent individuals, as the viral inclusions may be
very rare and missed on casual inspection of
routine histologic stains.

Immunostains should be interpreted with
caution in cases of ischemic lymhadenopathy:
A diagnosis should never be based on analysis
of necrotic material, which may lose
antigenicity or show nonspecific staining. Exam-
ination of an infarcted node should focus on

viable tissue, if present, and re-biopsy is indi-
cated in cases where the extent of necrosis sig-
nificantly impairs diagnostic evaluation. There
are no specific immunophenotypic features asso-
ciated with suppurative lymphadenitis or
ischemic lymphadenopathy. Kimura disease
often shows increased IgE staining within ger-
minal centers.

Molecular Features and Other Ancillary
Studies

As the entities discussed in this entry are benign
reactive processes, gene rearrangement studies
for T-cell receptors gamma and beta and immu-
noglobulin heavy and light chains typically
show a polyclonal pattern. Occasionally, how-
ever, a clonal population amidst a polyclonal
background is detected by sensitive PCR
methods. If careful examination of the morpho-
logic and immunophenotypic features points
toward a reactive process, PCR findings
alone should not alter the interpretation of the
overall case. In these settings, a dominant B-cell
or T-cell clone may emerge in a reactive process
and give a positive result with PCR clonality
testing.

A clonal T-cell receptor delta rearrang-
ement has been described in one case of recur-
rent Kimura disease, although the vast
majority of Kimura disease cases do not
show clonal T-cell receptor rearrange-
ments (Chim et al. 2002; Abuel-Haija and
Hurford 2007). As the underlying biology of
Kimura disease is not well understood, the sig-
nificance of possible clonal T-cell populations is
uncertain.

Differential Diagnosis

Paracortical hyperplasia: The differential diagno-
sis of paracortical hyperplasia includes Hodgkin
lymphoma, T-cell lymphomas, and B-cell lym-
phomas with an interfollicular pattern. Differenti-
ating paracortical hyperplasia from neoplastic
processes is typically accomplished by careful

Lymphadenitis, Fig. 16 Infectious mononucleosis
affecting the tonsil. In situ hybridization for EBV-encoded
RNA (EBER) highlights numerous infected B cells in the
paracortex, including many of the large atypical lymphoid
forms; EBER-positive cells are rare within follicles

Lymphadenitis, Fig. 15 Paracortical hyperplasia (infec-
tious mononucleosis). Large B-immunoblasts are positive
for CD20, although occasional forms show weaker expres-
sion (arrow)
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morphologic examination. The most useful fea-
ture in this distinction is preserved nodal architec-
ture, as indicated by scattered follicles with
normal germinal centers and lack of obliteration
of the subcapsular or intranodal sinuses. Preser-
vation of nodal architecture is helpfully
highlighted with basic stains for B and T cells
(e.g., CD3 and CD20) and CD21/CD23 to high-
light intact follicular dendritic cell meshworks.
The presence of numerous extrafollicular B cells
may warrant further workup to exclude a B-cell
lymphoma with an interfollicular pattern. The
presence of CD30+ immunoblasts may raise the
possibility of Hodgkin lymphoma or anaplastic
large cell lymphoma. CD20 negative or dim
B-cell immunoblasts can be distinguished from
Reed-Sternberg cells, as they are negative for
CD15 and retain other normal B-cell markers
(CD19, CD22, CD79a, and PAX5). Aberrant
loss of pan T-cell antigens can raise the possibility
of a peripheral T-cell lymphoma, although partial
loss of CD7 is less specific and may be seen in
some reactive processes. The differential diagno-
sis between paracortical hyperplasia and
angioimmunoblastic T-cell lymphoma can be par-
ticularly challenging, particularly in cases of the
latter that show preserved reactive follicles and
subcapsular sinus. Helpful features that suggest
lymphoma in such cases are a marked vascular
proliferation, irregular and expanded follicular
dendritic cell meshworks, and expression of T-
follicular helper markers (CD10, CXCL13,
BCL6, and/or PD1) in numerous T cells outside
follicles. Close examination of the lymphocyte
cytology is also helpful: In reactive paracortical
hyperplasia, there are typically distinct cell types
(large immunoblasts amid small, non-atypical
lymphocytes and other inflammatory cells),
while in T-cell lymphomas, there is a continuous
spectrum of small, medium-sized, and large cells,
all exhibiting some degree of cytologic atypia. In
difficult cases, PCR testing for T-cell clonality
may be required.

In cases of EBV infection in older adults, the
possibility of an EBV-positive diffuse large B-cell
lymphoma may be considered, particularly in
cases with numerous B-immunoblasts. The pat-
tern of EBER staining can be helpful in such

cases: It is positive in nearly all the large cells
and is absent in the small cells of EBV-positive
diffuse large B-cell lymphoma, while the staining
is more heterogeneous in infectious mononucleo-
sis. EBV serologic studies can also be helpful in
this distinction, as cases of infectious mononucle-
osis show a pattern of acute EBV infection. Para-
cortical hyperplasia due to drug reactions (best
described with the antiepileptic phenytoin) can
be particularly florid and mimic a peripheral T-
cell lymphoma. Careful clinical correlation to
elicit the patient’s medication history is warranted
in cases of unexplained paracortical hyperplasia;
in some cases, the cause is only elucidated after
observing resolution of the lymphadenopathy
upon cessation of the offending drug.

Syphilitic lymphadenitis is a rare cause of
lymphadenopathy but is often not considered
and is thus missed in a large proportion of cases,
leading to delayed diagnosis: The clinical adage
that syphilis is a “great imitator” due to its myriad
of presenting clinical symptoms also holds true
for its pathologic appearance. It may present in
unusual locations such as cervical lymph nodes or
as generalized lymphadenopathy. Clues to syphi-
litic lymphadenitis include capsular fibrosis,
venulitis, and plasmacytic infiltrates. The diagno-
sis can be confirmed by silver stains or
immunostains for Treponema pallidum.

Suppurative lymphadenitis: The differential
diagnosis of suppurative lymphadenitis includes
the other causes of necrotic lymphadenopathy
mentioned above and in other entries. Distinction
from the granulomatous lymphadenitis is straight-
forward due to the lack of granuloma formation.
The presence of abundant neutrophils separates
this entity from Kikuchi-Fujimoto disease.

Ischemic lymphadenopathy: The primary con-
cern in cases of ischemic lymphadenopathy is to
rule out the presence of a malignancy, especially
lymphoma. Necrotic diffuse large B-cell lympho-
mas may retain expression of CD20 on the
necrotic cell “ghosts.” However, definitive inter-
pretation of immunostains is not possible on
necrotic tissue, and such a finding can only sug-
gest the possibility of a B-cell lymphoma, which
should be confirmed by a repeat sample of viable
tissue. Once a malignancy has been ruled out, the
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diagnosis of ischemic lymphadenopathy is
a descriptive term, and a search for a specific
etiology should be undertaken. Possible etiologies
include infection, autoimmune disease, vascular
disease, and prior trauma near the site. Kikuchi-
Fujimoto disease is another cause of geographic
necrosis within lymph nodes and is characteristi-
cally devoid of granulocytes.

Kimura disease: The differential diagnosis of
Kimura disease within a lymph node includes
other entities with prominent eosinophilia such
as Hodgkin lymphoma, T-cell lymphomas, and
Langerhans cell histiocytosis. However, preserva-
tion of overall nodal architecture in conjunction
with the absence of Reed-Sternberg cells or atyp-
ical T cells is a feature in keeping with Kimura
disease. Cases of Langerhans cell histiocytosis
will show a population of Langerhans cells with
the classic cytologic features including elongated
grooved nuclei. Immunostains for Langerhans
cells, including CD1a and langerin, are useful in
situations where Langerhans cell histiocytosis is
in the differential diagnosis. IgG and IgG4
immunostains may be helpful to exclude the pos-
sibility of IgG4-related disease, which may also
exhibit eosinophilia, follicular hyperplasia, and
variable fibrosis.
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Lymphoblastic Leukemia/
Lymphoma

Horatiu Olteanu
Medical College of Wisconsin, Milwaukee, WI,
USA

Synonyms

B-cell acute lymphoblastic leukemia; T-cell acute
lymphoblastic leukemia

Definition

Lymphoblastic leukemia/lymphoma (LBLL) is
a neoplasm of immature T- or B-lineage cells,
involving primarily either the bone marrow and
peripheral blood (acute lymphoblastic leukemia,
ALL) or lymph nodes and/or extranodal sites
(lymphoblastic lymphoma, LBL). ALL is gener-
ally defined as extensive involvement of bone
marrow (>25% lymphoblasts) and peripheral
blood, while LBL designates a mass lesion with
no or little peripheral blood and bone marrow
involvement. According to the 2008 WHO clas-
sification, both the leukemic and tissue phase of
this condition are covered under the same cate-
gory of B- or T-lymphoblastic leukemia/lym-
phoma (Borowitz and Chan 2008; Cortelazzo
et al. 2011).
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Clinical Features

• Incidence
The overall incidence of LBLL is approxi-
mately 2/100,000 persons/year. The majority
of lymphoblastic leukemias are B-ALLs
(80–85% of cases), and T-ALLs represent the
minority of cases (15%), which contrasts with
lymphoblastic lymphomas, wherein primary T-
LBLs account for 85–90% of cases, and B-
LBLs represent only 10% of cases.

• Age
B-ALL affects predominantly young patients,
with 75% of cases being diagnosed in children
under the age of 6 years. B-LBL tends to pre-
sent in older individuals, with a median age of
20 years at diagnosis. T-ALL is most common
in adolescents and young adults (median age,
28 years). T-LBL can be seen in any age group,
but is also more frequent in adolescent patients.

• Sex
T-LBLL is more common in males (male-to-
female ratio of up to 2.4:1). Similarly, men are
more frequently affected in B-LBLL (male-to-
female = 1.3:1).

• Site
By definition, B- and T-ALL show bone mar-
row and, usually, also peripheral blood
involvement. In B-ALL, extramedullary sites
are frequently involved and include the central
nervous system, lymph nodes, liver, spleen,
and testes. T-ALL is commonly presenting
with a large mediastinal mass or other extra-
medullary sites of involvement, such as the
lymph nodes, liver, or spleen. B-LBL is found
more often in the skin, soft tissue, bone, and
lymph nodes, while T-LBL typically presents
as a mass in the anterior mediastinum. Medi-
astinal tumors in B-LBL are uncommon.

• Treatment
The therapeutic approach in ALL is complex
and is different in pediatric and adult patients.
Pediatric protocols, in general, when compared
to adult protocols, include more reinduction
and intensification chemotherapy courses,
higher cumulative doses of cytostatic drugs,
and a longer maintenance phase. Examples of
such protocols include induction

chemotherapy with cyclophosphamide, dauno-
rubicin, L-asparaginase, and prednisone, with
intrathecal cytarabine and methotrexate,
followed by consolidation with cyclophospha-
mide, cytarabine, mercaptopurine, and intra-
thecal methotrexate, followed by interim
maintenance with mercaptopurine and metho-
trexate, and then delayed intensification and
maintenance. Delayed intensification involves
reinduction (dexamethasone, vincristine,
doxorubicin, asparaginase, and intrathecal
methotrexate) and reconsolidation (cyclophos-
phamide, thioguanine, cytarabine, and intra-
thecal methotrexate), while maintenance is
a combination of vincristine, mercaptopurine,
and methotrexate (systemic and intrathecal).
There is also an increased intensity variant of
this protocol, where patients receive additional
vincristine and pegylated asparaginase courses
during consolidation and delayed intensifica-
tion phases, and vincristine, intravenous meth-
otrexate without rescue, and pegylated
asparaginase during interim maintenance
phases. The outcome with this type of regi-
mens is excellent in children with ALL and is
associated with prolonged survival rates even
without the addition of allogeneic stem cell
transplantation (allo SCT).

In adult patients, while there is a similar
approach in treating ALL (induction chemo-
therapy followed by maintenance), there are
some differences, related to several factors,
such as higher treatment-related mortality and
shorter overall survival, which requires the
addition of allo SCT in high-risk patients that
have a suitable donor. Induction regimens in
adult ALL usually consist of a combination of
vincristine, daunorubicin (or doxorubicin), L-
asparaginase, and steroids, with possible addi-
tion of cyclophosphamide and cytarabine. As
compared to pediatric practice, more
anthracycline is used in adult patients, and
prolonged myelosuppression is a common
side effect. Intrathecal methotrexate is com-
monly used for CNS prophylaxis, and
cytarabine may be substituted for patients that
experience significant toxicity. Consolidation
therapy usually is composed of several cycles
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of chemotherapy that are similar, but less inten-
sive, than those administered during induction.
Similar to pediatric protocols, some consolida-
tion regimens include delayed intensification,
in which the intensity of chemotherapy is
enhanced. Maintenance therapy is performed
in patients that do not have allo SCT as
a curative option and consists of mercaptopu-
rine, methotrexate, vincristine, and steroids.
While allogeneic allo SCT is generally indi-
cated in adult patients with high-risk ALL, it
does not necessarily apply to all age and cyto-
genetic risk groups. While a benefit in terms of
superior event-free and overall survival in
patients that had a donor available for allo
SCT was demonstrated in a large study
performed in the UK, other studies comparing
allo SCT with chemotherapy in younger
patients showed similar outcomes.

Results from this and other studies have
spurred the evaluation of pediatric-inspired
regimens in adolescents and young adults (up
to 40 years old) in order to improve the out-
come in the adult population. A current pro-
spective study is being conducted in the United
States (CALGB protocol 10403) and will com-
pare the outcome in adult (�40 years old) ALL
patients treated with the Children’s Cancer
Group (CCG) high-risk protocol, with that of
pediatric patients receiving therapy according
to the CCG protocols. In addition to this novel
therapeutic option, there are also other
approaches that may benefit patients with
ALL. One such alternative is the addition of
monoclonal antibodies, mostly for decreasing
relapse rates. These include anti-CD20
(rituximab) and anti-CD22 (epratuzumab,
CAT-3888, or inotuzumab ozogamicin)
humanized monoclonal antibodies, as well as
hybrid antibodies that either bind to B cells in
a bispecific fashion (such as the anti-CD19 and
anti-CD22 construct, DT22199ARL) or that
consist of a bispecific T-cell-engaging (BiTE)
antibody construct. The latter agent,
blinatumomab, is directed against CD3 and
CD19, thus being able to physically link cyto-
toxic T cells and neoplastic B cells together,
with the goal of engaging the cytotoxic activity

of the T cells in close proximity to the lympho-
blasts. Other new small molecules and chemo-
therapy agents that hold promise for future
ALL therapy include NOTCH1 inhibitors;
demethylating agents, such as decitabine; pro-
teasome inhibitors, such as bortezomib; mTOR
inhibitors; and novel folic acid antagonists.

The treatment in LBL is usually based on
intensive chemotherapy protocols, which are
similar to those used in ALL and that include
multiple drugs, such as cyclophosphamide,
methotrexate, prednisone, vincristine,
cytarabine, thioguanine, L-asparaginase, and
anthracyclines. Treatments generally used for
aggressive (mature) non-Hodgkin lymphomas
did not improve survival in adult patients with
LBL. However, in pediatric patients treated
with protocols used for childhood non-
Hodgkin lymphomas, the overall survival was
comparable to that obtained with ALL-type
protocols. In general, shorter induction chemo-
therapy without maintenance was associated
with increased risk of relapse, while addition
of intrathecal prophylaxis to high-intensity
systemic chemotherapy decreased the rate of
CNS relapse. Similarly, the addition of medi-
astinal irradiation to ALL-type chemotherapy
also appears to decrease the rate of mediastinal
relapses (Fielding 2011; Litzow 2011).

• Outcome
The outcome of childhood ALL is quite favor-
able, with a 5-year overall survival (OS) of
76–86% being achieved with standard proto-
cols, while intensified regimens and good
prognostic subgroups may achieve cure rates
exceeding 80–90%. In contrast, the outcome in
adult patients is less good, with about 50% of
the adults with ALL showing long-term sur-
vival. In young adult patients (16–21 years
old), the addition of intensified postinduction
therapy to pediatric-type protocols has
improved the 5-year OS (77.5%) while signif-
icantly increasing the 5-year event-free sur-
vival (EFS) from 66.8% to 81.8% in rapid
responder patients (defined as having <25%
bone marrow lymphoblasts in a day-7 bone
marrow biopsy). This trend is expected to be
observed even in adult patients 30–40 years
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old, with current studies showing a 5-year OS
of up to 60%, in those treated with pediatric
protocols. Older patients do not have the ben-
efit of an established standard therapeutic reg-
imen, and the 5-year OS is generally
<15–20%, particularly in patients over 60. In
this age group, certain subtypes of ALL, such
as those with BCR/ABL translocation, show
some improvement in short-term outcomes
upon introduction of tyrosine kinase inhibitors
as an alternative to chemotherapy. For exam-
ple, a median survival of 20 months was
reported in a cohort of elderly patients (median
age, 69 years) with Philadelphia chromosome-
positive B-ALL treated with a combination of
imatinib and steroids.

Of the adult ALL patients that achieve
a complete remission, approximately half will
experience a late relapse, which is uniformly
associated with a poor outcome (5-year OS of
10% or lower), regardless of the salvage ther-
apy used.

ALL risk stratification is important for prog-
nostic and therapeutic purposes. In adult
patients, advanced age at diagnosis, high
white blood cell count, unfavorable cytoge-
netic findings [t(9;22), t(4;11), complex
karyotype, low hypodiploidy], B-cell
immunophenotype, delayed initial response,
and the presence of minimal residual disease
(MRD) have all been associated with an
adverse outcome. In pediatric patients, risk
stratification relies heavily of the presence of
recurrent cytogenetic abnormalities. Good
prognostic indicators in B-ALL are hyper-
diploidy >50, trisomies 4 and 10, t(12;21),
t(1;19), and, for T-ALL, MLL/ENL and
HOX11 gene rearrangements. Conversely,
B-ALL with unfavorable genetic and molecu-
lar findings includes t(4;11), hypodiploidy,
CRFL2 overexpression, t(9;22), and IKZF1
and JAK2 mutation, while high-risk T-ALL
shows HOX11L2, HOXA rearrangements,
and an early T-cell precursor
immunophenotype.

LBL has also relatively good prognosis,
with disease-free survival rates of 73–90% in
children and 62–66% in adults, treated with

ALL-type chemotherapy regimens. Risk strat-
ification has been attempted in LBL, although
the traditional prognostic factors identified in
ALL do not readily apply to LBL. Based on the
presence or absence of CNS and bone marrow
involvement, Ann Arbor stage IV, and level
of serum LDH, a risk stratification scheme
has been proposed that separated low-risk
patients (5-year relapse-free survival of 94%)
from high-risk patients (5-year relapse-free
survival of 19%) (Fielding 2011; Litzow
2011; Pui et al. 2011).

Macroscopy

T-LBL commonly presents with a large mediasti-
nal mass, usually >10 cm in greatest dimension.

Microscopy

Imprint or smear preparations of lymphoblasts in
both B- and T-ALL show mostly small-to-
medium-sized cells with high nuclear-to-
cytoplasmic ratio (Fig. 1). The chromatin is imma-
ture, but usually coarser and not as finely dis-
persed as in myeloblasts. The cytoplasm is
present in scant to moderate amount and usually

Lymphoblastic Leukemia/Lymphoma, Fig. 1 Lym-
phoblastic leukemia. A peripheral blood smear with
small-to-medium-sized lymphoblasts with high nuclear-
to-cytoplasmic ratio and coarse chromatin
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lacks granules. Other cases demonstrate larger
blasts, with more dispersed chromatin, prominent
nucleoli, and abundant cytoplasm with occasional
coarse azurophilic granules (10% of B-ALLs)
(Fig. 2). Auer rods are absent and background
myelodysplasia is not identified in the other (gran-
ulocytic or megakaryocytic) lineages. In bone
marrow sections of ALL and in LBLs, there is
usually a diffuse infiltrate of neoplastic cells with
mostly regular nuclei, stippled chromatin, incon-
spicuous nucleoli, and scant to moderate amount
of cytoplasm (Figs. 3 and 4). Frequent mitoses are
usually present.

Immunophenotype

The immunophenotype in LBLL may be
established by flow cytometry and immunohisto-
chemistry. Flow cytometry has the advantage of
being a rapid method, capable of generating
results within hours. In addition to establishing
the lineage of origin (lymphoid vs. myeloid, and
B vs. T), flow cytometry also can identify certain
immunophenotypic profile that correlates with
recurrent cytogenetic abnormalities and/or can
be used for minimal residual disease assessment
at follow-up.

In B-ALL, B-cell lineage-associated markers
commonly detected are CD19 (98% of cases),

CD22, and CD79a (both present in nearly 100%
of cases). Less frequent is CD20 (30–50% of
cases) and, rarely, surface immunoglobulin
light chains (2.5% of cases). Other, non-B-cell
lineage, markers important for the diagnosis of

Lymphoblastic Leukemia/Lymphoma, Fig. 2 B-lym-
phoblastic leukemia. Lymphoblasts are medium to large in
size, with finely dispersed chromatin, occasional nucleoli,
and granular cytoplasm

Lymphoblastic Leukemia/Lymphoma, Fig. 3 T-lym-
phoblastic lymphoma. Low-power view of a lymph node
with effaced architecture and diffusely infiltrated by
lymphoblasts

Lymphoblastic Leukemia/Lymphoma, Fig. 4 T-lym-
phoblastic lymphoma. Higher magnification of the same
case as in Fig. 3 shows a uniform population of blasts with
finely dispersed chromatin, regular nuclei, and frequent
mitoses and apoptotic debris
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B-ALL are CD10 (75–90% of cases), CD34
(80% of cases), Tdt (98% of cases), HLA-DR
(almost 100% of cases), CD45, and CD38 (both
present in 85% of cases). CD9 and CD24 are
both detected in >90% of cases and, while not
commonly used, may indicate the presence of
certain cytogenetic aberrancies. Cytoplasmic
immunoglobulin heavy chain expression is seen
in approximately 20% of B-ALL and has been
used to subclassify B-ALL in accordance to the
normal sequence of B-cell maturation as pro-B-
ALL (CD10 negative), common ALL (CD10
positive and cytoplasmic m heavy chain nega-
tive), and pre-B-ALL (cytoplasmic m heavy
chain positive), respectively. Finally, there is
aberrant, myeloid, or T-cell antigen expression
in a variable number of B-ALL cases, with CD13
and CD33 being the most frequently seen anti-
gens (15–30% of cases), while CD15, CD11b,
CD36, CD64, CD14, and CD117 are only rarely
encountered. A case of B-ALL is illustrated in
Fig. 5. When compared to their normal counter-
part (hematogones), B lymphoblasts demon-
strate multiple immunophenotypic aberrancies
in the expression patterns of CD10, CD19,
CD20, CD22, CD34, CD38, CD45, Tdt, and

HLA-DR, ranging from 27% to 96% of cases.
When examining immunophenotypic/genotypic
correlations, MLL gene rearranged B-ALLs,
such as those with a t(4;11)(q21;q23) commonly
show lack of CD10, partial of complete absence
of CD24, and aberrant CD15 myeloid antigen
expression (Fig. 6). For B-ALL with t(1;19)
(q23;p13), the lymphoblasts are uniformly posi-
tive for CD9, CD10, and CD19 and lack CD20
and CD34. A significant proportion of pediatric
B-ALLs (25% of cases) show a cryptic t(12;21)
(p13;q22) translocation; these cases are virtually
always CD10, CD45, and CD34 positive; com-
monly express CD13 and/or CD33 (66–75% of
cases); and negative for CD9 and CD20. Finally,
B-ALLs with a t(9;22)(q34;q11) (BCR/ABL)
rearrangement are usually co-expressing CD10
and CD34 (>90% of cases).

Cases of T-ALL express T-cell lineage anti-
gens, with cytoplasmic CD3 being the most sen-
sitive (virtually 100% of cases) and most specific
marker. Surface CD3, while specific, is less sen-
sitive (33–68% of cases). CD5 and CD7 are
present in nearly all cases, while CD2 (70–88%
of cases), CD4, and CD8 (approximately 50% of
cases, each) are less frequent. CD4 and CD8 may
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be either co-expressed or may be both absent in
T-ALL. CD1a, which can be used both as a T-cell
lineage antigen, as well as marker of immaturity,
is very specific, but less sensitive (33–63% of
cases) for T-ALL. Similar to B-ALL, T-ALL can
be subclassified based on the maturation
sequence of normal thymocytes as pro-T-ALL
(CD7 positive), pre-T-ALL (CD2 positive, and/
or CD5 positive, and/or CD8 positive), cortical
T-ALL (CD1a positive, CD4 and CD8 double
positive), and mature T-ALL (surface CD3 pos-
itive, CD1a negative). Additional markers of

immaturity include Tdt (90% of cases) and
CD34 (30% of cases). CD38 is found in
80–100% of cases, and CD45 is present in
almost all cases of T-ALL, while other markers
that are usually assessed are less frequent: CD10
(35% of cases) and HLA-DR (25% of cases).
Myeloid antigen expression has been described
in T-ALL, with CD13, CD15, CD33, and CD36
being found in 10–20% of cases, while CD117
was seen in 11% of cases. T-lymphoblasts need
to be distinguished from maturing thymocytes,
particularly in cases that present as a mediastinal
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Lymphoblastic Leukemia/Lymphoma, Fig. 6 B-lym-
phoblastic leukemia, MLL gene rearranged.
Immunophenotypic findings in a case of B-lymphoblastic

leukemia with t(4;11) translocation; lymphoblasts (in red)
are typically CD19(+), CD10(�), and CD15(+). Normal
B cells are shown in blue and granulocytes in green
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mass, and the differential diagnosis requires the
exclusion of a thymoma or thymic hyperplasia.
Similar to hematogones, maturing thymocytes
demonstrate an orderly and reproducible matu-
ration pattern that can be usually assessed by
using as little as four antigens (CD1a, CD3,
CD4, and CD8). In addition, T-lymphoblasts
show abnormal antigen expression (as compared
to normal, maturing thymocytes) in other T-cell
or non-lineage antigens, including CD2, CD7,
CD5, CD10, and CD45, in 32–75% of cases.
A case of T-ALL is illustrated in Fig. 7.

Molecular Features

Almost all cases of B-ALL demonstrate a clonal
immunoglobulin heavy chain gene rearrangement
by RT-PCR. Abnormal cytogenetic findings are
also seen in the majority of patients with B-LBLL
and are used for risk stratification. Of these,
t(9;22)(q34;q11.2), t(v;11q23), and hypodiploidy
are listed as distinct subtypes of B-LBLL in the
2008 WHO classification and are associated with
a poor prognosis, while t(12;21)(p13;q22) and

hyperdiploidy are good prognostic categories.
Additional WHO-recognized subtypes include
t(5;14)(q31;q32) and t(1;19)(q23;p13.1). Rare
cases of B-LBLL show a t(17;19) translocation,
or intrachromosomal amplifications of the AML1
gene; both are associated with a poor prognosis.
Studies have shown that patients with Philadel-
phia chromosome-positive B-ALL have
a deletion of the IKZF1 gene in a large proportion
of cases (80%) and that a similar molecular abnor-
mality can be found in a subset of high-risk B-
ALLs without the t(9;22) translocation. In addi-
tion, the presence of JAK mutations has been
associated with alterations in IKZF1 and deletion
of CDKN2A/B genes. At least half of the patients
with Down syndrome-associated B-ALL have
been found to show overexpression of the
CRFL2 gene, which is also frequently associated
with JAK1- or JAK2-activating mutations.

Patients with T-LBLL show a clonally
rearranged T-cell receptor (TCR) gene in virtually
all cases. Chromosomal abnormalities are found
in up to 70% of cases and commonly involve the
TCR alpha, beta, or gamma genes on chromo-
somes 14 and 7, respectively. Genes involved in
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translocations with TCR loci include HOX11L2,
LYL1, LMO1, LMO2, TAL1, and MLL. In addi-
tion, these and other genes (PTEN, NOTCH1,
FBXW7, RB1) have found to be mutated or
deleted in T-ALL. Of these, HOX11, MLL/ENL,
NOTCH1, and FBXW7 alterations have been
associated with good prognosis, while
HOX11L2 was found to confer a poor prognosis.

Differential Diagnosis

In ALL, establishing the lineage of origin (B or T)
is important for prognostic and therapeutic rea-
sons. ALL as a group may have to be distin-
guished occasionally from acute myeloid
leukemia. In both instances, flow cytometric
immunophenotyping, in conjunction with mor-
phology and cytogenetic findings, will establish
the correct diagnosis. B-ALL can have similar
morphology to Burkitt lymphoma or blastoid
mantle cell lymphoma; these are mature neo-
plasm, and immunophenotyping and cytogenetics
are very useful in differentiating these entities.
Ewing sarcoma and myeloid sarcoma enter the
differential diagnosis of LBL, and occasional
peripheral T-cell lymphomas, not otherwise spec-
ified, may show similar morphologic and
immunophenotypic features with T-LBL. The
presence of a thymoma needs to be excluded in
patients presenting with a mediastinal mass, when
there is a suspicion for T-LBLL, particularly in
limited biopsy specimens.

References and Further Reading

Borowitz, M. J., & Chan, J. K. C. (2008). Precursor lym-
phoid neoplasms. In S. H. Swerdlow, E. Campo, N. L.
Harris, E. S. Jaffe, S. A. Pileri, H. Stein, J. Thiele, &
J. W. Vardiman (Eds.), WHO classification of tumours
of haematopoietic and lymphoid tissues (pp. 167–178).
Lyon: IARC Press.

Cortelazzo, S., Ponzoni, M., Ferreri, A. J., & Hoelzer, D.
(2011). Lymphoblastic lymphoma. Critical Reviews in
Oncology/Hematology, 79(3), 330–343.

Fielding, A. K. (2011). Current therapeutic strategies in
adult acute lymphoblastic leukemia. Hematology/
Oncology Clinics of North America, 25(6),
1255–1279.

Litzow, M. R. (2011). Novel therapeutic approaches for
acute lymphoblastic leukemia. [Review]. Hematol-
ogy/Oncology Clinics of North America, 25(6),
1303–1317.

Pui, C. H., Carroll, W. L., Meshinchi, S., & Arceci, R. J.
(2011). Biology, risk stratification, and therapy of pedi-
atric acute leukemias: An update. Journal of Clinical
Oncology, 29(5), 551–565.

Lymphoplasmacytic
Lymphoma

German Ott
Department of Clinical Pathology,
Robert-Bosch-Krankenhaus, Stuttgart, Germany

Definition

Lymphoplasmacytic lymphoma (LPL) is defined
as a B-cell lymphoma consisting of a mixture
of lymphocytes, plasmacytic lymphocytes, and
monoclonal plasma cells that does not conform
to any other entity of small B-cell lymphoma
with plasmacytic differentiation (Swerdlow et al.
2017). LPL typically manifests in the bone mar-
row and spleen and less frequently in lymph nodes
and other organs. Waldenström Macroglobuline-
mia (WM) is defined as a malignant lymphoma
with the morphology of LPL involving the bone
marrow and that is associated with monoclonal
IgM paraproteinemia; vice versa, an IgM mono-
clonal paraprotein can be detected in the majority
of LPL patients. Identification of the LPL hall-
mark mutation MYD88 L265P has greatly facili-
tated and added in the specification of the
diagnosis.

Incidence and Epidemiology

LPL is a rare disease representing approximately
2% of non-Hodgkin lymphomas. Patients usually
present at a median age of roughly 70 years, and
the male gender predominates. The age-adjusted
incidence has been calculated at 4.0 cases/1
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million/year. There is an increase of the disease in
higher age, and LPL/WM is more prevalent in
Caucasians (Swerdlow et al. 2017). Because of
the finding of a higher frequency of LPL/WM in
some families, constitutional genetic traits have
been discussed in the pathogenesis of the disease.
In general, both environmental and genetic fac-
tors, obviously, play a role in the development of
LPL. Chronic antigenic stimulation, in the frame
of chronic infection or autoimmune disease, has
been implicated in the development of the disease
(Kristinsson et al. 2009).

Clinical Features

Clinical features of LPL/WM are mainly related
to its inherent monoclonal IgM paraproteinemia
and to the infiltration of tissues by the tumor
cells. Monoclonal paraproteinemia, especially
with high concentrations of monoclonal IgMmol-
ecules, is the cause of serum hyperviscosity, also
involving binding of water, nonspecific interac-
tions with other proteins, and aggregation of
blood cells. Symptomatic hyperviscosity occurs
in 20% of patients and increases at IgM concen-
trations of>3 g/dl, and clinical symptoms are seen
mainly at levels >5 g/dl. The main symptoms
related to hyperviscosity are headache, visual
disturbances, and CNS manifestations including
intracranial bleeding. Type I cryoglobulinemia is
diagnosed in roughly one-fifth of patients with
symptoms such as Raynaud’s phenomenon and
other vascular disturbances. Type II cryoglobuli-
nemia may also occur with symptoms of purpura,
arthralgia, and peripheral neuropathy. There are
other autoantibody effects as well, such as cold
agglutinin hemolytic anemia or sensory and motor
neuropathy. Monoclonal protein deposits or amy-
loid deposition may cause peripheral neuropathy
and organ dysfunction.

Bone marrow involvement results in periph-
eral cytopenias, and anemia is more typical
than other cytopenias. Infiltration of lymph
nodes and spleen usually causes mild lym-
phadenopathy and/or splenomegaly. Extra-
medullary and extranodal manifestations of

LPL may be seen in the lung and pleura, soft
tissues, the gastrointestinal and hepatobiliary
tracts, the kidney, CNS, and soft tissues. Infiltra-
tion of lung tissue usually causes unspecific
symptoms such as dyspnea and pain. Gastroin-
testinal involvement may result in
malabsorption, bleeding, or obstruction. Direct
infiltration of the CNS is known as Bing-Neel
syndrome and produces a plethora of neurologic
dysfunctions including vertigo, impaired hear-
ing, and motor dysfunctions. Of importance,
lytic bone lesions are uncommon in LPL
(Sohani et al. 2017).

Microscopy

In bone marrow core biopsy specimens, variant
patterns of involvement are observed, with
interstitial, nodular, and diffuse infiltrations of
small lymphocytes intermixed with plasmacytic
lymphocytes and mature plasma cells (Swerdlow
et al. 2017) (Figs. 1 and 2). Very frequently, typ-
ical mast cells are interspersed in the infiltrate. In
bone marrow smears, the same morpho-
logical spectrum can be observed as in histology.
Leukemic spread can be seen; however, this is
not a prerequisite for the diagnosis. In leukemic
cases, circulating small lymphocytes may have
more or less pronounced plasmacytoid features.
Because of the serum hyperviscosity due to para-
proteinemia, rouleaux formation may be seen in
the peripheral blood. In lymph nodes, the infiltra-
tion pattern may be quite variable as well (Lin
et al. 2003). In the classical pattern most fre-
quently observed, subtotal effacement of the
underlying architecture is often accompanied by
patent or even dilated sinuses and sometimes also
preserved follicles (Fig. 3a, b). The infiltrate con-
tains small lymphocytes, plasmacytic lympho-
cytes, and plasma cells and monotypic plasma
cells may be seen accentuated along the dilated
sinuses (Fig. 3c, d). Some transformed cells may
be interspersed and there are an increased number
of mast cells in lymph nodes as well.

Other infiltration patterns, more rarely
observed, can be an infiltration with complete
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architectural effacement and a diffuse and some-
times vaguely nodular infiltrate or an infiltration
that is reminiscent of marginal zone lymphoma
including follicular colonization (Swerdlow et al.
2017) (Fig. 4). In these latter variants, admixed
blastic cells may be more numerous in number;
however, formation of larger aggregates or sheets
of blasts would warrant a diagnosis of diffuse
large B-cell lymphoma (Lin et al. 2003). In the
so-called polymorphous variant especially, small
clusters of epithelioid histiocytes may be seen.
Owing to the nature of the disease, deposits of
immunoglobulins or amyloid (or amyloid-like
material) or crystal-storing histiocytes may be
seen. Pseudofollicular proliferation centers char-
acteristic of chronic lymphocytic leukemia/small

Lymphoplasmacytic Lymphoma, Fig. 1 Conventional
H&E staining �100 shows interstitial and nodular infiltra-
tion of a bone marrow trephine specimen (a). CD20

staining highlights the nodular infiltration pattern in this
case (�40) (b). Higher magnification (�100) illustrates
both nodular and interstitial infiltration of tumor cells (c)

Lymphoplasmacytic Lymphoma, Fig. 2 At high-
power magnification (�400), Giemsa staining depicts
small lymphocytes, (green arrows), plasmacytic lympho-
cytes (black arrows), and plasma cells (white arrow). Note
occasional admixed mast cells
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lymphocytic lymphoma are generally not present.
In the spleen, nodular and diffuse infiltrates of
lymphoplasmacytic cells typically involve the
red pulp, but a differential diagnosis of splenic
marginal zone lymphoma or splenic diffuse red
pulp lymphoma with plasmacytic differentiation
may occur (Sohani and Zukerberg 2014).

In extramedullary and extranodal sites of
involvement, generally, the morphology of
LPL may overlap with that of (extranodal)
marginal zone lymphoma (EMZL); however,
lymphoepithelial lesions characterizing EMZL
are not a characteristic feature of LPL. Infil-
trates of LPL encountered in the skin or in the

liver may closely resemble other small B-cell
lymphomas with plasmacytic differentiation
(Lin et al. 2003).

Some LPL cases display uncommon morpho-
logical features such as prominent follicular colo-
nization (Fig. 4) or a paucity of plasma cells
(Fig. 5) or, vice versa, many, but only polytypic
plasma cells, or present in some unusual sites,
such as in the ocular adnexa or in myelolipoma
(Swerdlow et al. 2016). Following treatment, the
plasmacytic component of LPL may dominate or
actually be the only component left of the neo-
plastic infiltrate, causing a differential diagnosis
with plasma cell myeloma.

Lymphoplasmacytic Lymphoma, Fig. 3 In most cases
of LPL, lymph node infiltration is characterized by subtotal
effacement of the underlying architecture (a, H&E �40)
and patent sinuses (b, H&E �200). High magnification

(Giemsa �400) discloses a mixture of lymphocytes,
plasmacytic lymphocytes, and plasma cells adjacent to
the sinuses (c). Immunohistochemistry demonstrates
monotypic light chain expression (kappa �200) (d)
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Transformation of lymphoplasmacytic lym-
phoma to an aggressive lymphoma is rare with
5–10% of cases having been indexed in the litera-
ture (Lin et al. 2003). Cytological progression and
overt transformation of LPL have been reported to
occur at the time of diagnosis, soon after diagnosis,
or many years after diagnosis of the disease. As in
other lymphomas, overt transformation in LPL
features clusters and sheets of large transformed
cells and these cases are quite straightforward
(Fig. 6). However, there may be a higher number
of large transformed cells intermixed with small
LPL cells, and the workshop report of the EAHP
meeting held in Istanbul 2014 recommends to call
these cases “progressed LPL” (Swerdlow et al.
2016), and there may be some conceptional

Lymphoplasmacytic Lymphoma, Fig. 4 In some cases
of LPL, prominent follicular colonization can be appreci-
ated, highlighted in this case by CD21 staining (�100)

Lymphoplasmacytic Lymphoma, Fig. 5 In some cases
of LPL, and especially in H&E staining, plasmacytic
differentiation may not be particularly striking in

conventional staining (a, �400), but can be readily appre-
ciated upon immunohistochemistry (b, kappa �400;
c, lambda �400)
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overlap with the so-called “polymorphic
immunocytoma” of the Kiel classification.

Immunophenotype

LPL shows expression of pan B-cell antigens such
as CD19, CD20, CD22, CD79a, and PAX5 in the
small lymphocytic cells (Fig. 1c) and, by defini-
tion, expresses monotypic cytoplasmic immuno-
globulin light chains in the lymphoplasmacytic
and plasma cells (Fig. 7a, b), along with plasma
cell markers such as CD138 and IRF4/MUM1
(Fig. 7c) (Swerdlow et al. 2017). IgM is positive
in the majority of LPL (Fig. 7d), but IgG may
sometimes be present and rarely IgA. As an
immunhistochemical hallmark of the disease, the
B-cell-associated antigen CD19 that is absent
in reactive plasma cells is also expressed on
the neoplastic plasma cells, while in contrast
with plasma cell myeloma, CD56 is negative.
Differentiation-related antigens CD5, CD10 and
CD23 are usually negative, but may be expressed
in some cases, usually in only a part of the cells.
A minor CD23-positive B-cell component is usu-
ally present in LPL, and some CD5- and CD10-
positive cases have been reported in the literature.

Genetic Features

Cytogenetic banding studies have demonstrated
recurring numerical and structural aberrations in
LPL, especially deletions in the long of chromo-
some 6 in bands q21–22 in 40–60% of cases
targeting ARID1B, a component of p53 signaling.
Other numerical aberrations that have been
reported in LPL are gains of chromosomes 3, 4,
5, 12, and 18, and losses of chromosomes 8, 16,
18, 19, 20, 21, 22, and X that, however, are not
specific to LPL and are present in many other
lymphomas. In 2012, a recurring point mutation
in the Myelodifferentiation Primary Response 88
(MYD88) gene on chromosome 3p22.2 has been
identified in 90% of LPL/WM cases, which leads
to a L265P substitution of leucine to proline
amino acids at position 265 (Treon et al. 2012).
Subsequent studies have confirmed the strong
association of this mutation with LPL, although
it has rarely been detected also in extranodal
and nodal marginal zone lymphoma, splenic mar-
ginal zone lymphoma, and mantle cell lymphoma
(Swerdlow et al. 2016). The L265P mutation is
also present in roughly 50% of IgM monoclonal
gammopathy of undetermined significance (IgM
MGUS), but not in non-IgM MGUS. Among
aggressive B-cell lymphomas, the mutation is
present in approximately 30% of diffuse large
B-cell lymphomas NOS of the activated B-cell
type (ABC-DLBCL) and in other specific
DLBCL subtypes or variants including primary
DLBCL of the CNS, primary DLBCL of the tes-
tes, and primary cutaneous DLBCL, leg type
(Swerdlow et al. 2017). Because of its close
association with LPL, MYD88 testing has
been incorporated into the diagnostic work-up of
small B-cell-lymphomas, and reliable tools for its
diagnosis in formalin-fixed, paraffin-embedded,
and decalcified cases have been developed
(Schmidt et al. 2015; Staiger et al. 2015).
Interestingly enough, absence of the mutation in
LPL/WM may indicate in inferior prognosis of
patients and a lower response rate to Ibrutinib
treatment. The EAHP/SH workshop report
of 2014, therefore, recommended to test for
MYD88 mutations in equivocal cases in which
LPL is considered, but the diagnosis is not

Lymphoplasmacytic Lymphoma, Fig. 6 Transforma-
tion of LPL to an aggressive lymphoma. Giemsa staining
(�400) illustrates B-blasts with variation in size, an open
nuclear chromatin and in part prominent nucleoli, some of
them resembling immunoblasts. In this case, LPL was
known for several years before transformation, and an
identical B-cell clone was found in pre- and post-transfor-
mation biopsies
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definitive, such as in bone marrow infiltrates of
small B-cell lymphomas with plasmacytic differ-
entiation in which the diagnoses of LPL are not
clear cut or in cases of putative IgM+ plasma cell
meylomas that consistently lack theMYD88 L265
mutation (Swerdlow et al. 2016). In cases without
a differential diagnosis of LPL, MYD88 testing is
not recommended because, as stated before, the
mutation can also rarely occur in other small
B-cell lymphomas with or without plasmacytic
differentiation. Aside from MYD88 L265P muta-
tions, Chemokine (C-X-C Motif) Receptor
4 (CXCR4) mutations have been encountered in
approximately 30% of LPL/WM and 20% of IgM
MGUS, but in only small numbers of other B-cell

lymphomas. Recent reports also suggested a prog-
nostic impact in finding a CXCR4 mutation in
LPL/WM (Schmidt et al. 2015).

Pathogenesis

Lymphoplasmacytic lymphoma is a post-
germinal center B-cell lymphoma with matura-
tion into plasma cells, and experimental settings
have shown the differentiation of lymphocytes
into plasma cells in vitro. The immunoglobulin
heavy chain genes (IGH) in LPL/WM as well as
in IgM MGUS are extensively hypermutated,
thus reflecting their origin from B-cell that have

Lymphoplasmacytic Lymphoma, Fig. 7 Immunohis-
tochemistry of LPL/WM. Identification of plasmacytic
differentiation by demonstration of a monotypic light
chain expression is usually a prerequisite for the diagnosis
of LPL. In this case, monotypic kappa light chain

expression was present in a bone marrow infiltrate of
LPL (a, kappa �200; b, lambda �200). The plasma cell
component can be highlighted by MUM1 staining (c,
�200). Most cases that fulfill diagnostic criteria for LPL
express IgM (d, �200)
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transgressed the germinal center. The ability of
the tumor cells to undergo class switching, obvi-
ously, is defective in most lymphomas, indicat-
ing that the precursor cell of LPL is an IgM-
positive memory B-cell residing in the bone
marrow. The increased number of mast cells in
the lymphomagenesis of LPL/WM seems to be
important via the facilitation of an inflammatory
environment including cytokine and CD40
signaling. The occurrence of the MYD88
L265P mutation, obviously, is crucial in the
pathogenesis of LPL/WM. MYD88 encodes a
protein involved in Toll-like receptor and
interleukin-1-receptor signaling that homo-
dimerizes once the receptor is activated. Down-
stream signaling of MYD88 involves Bruton
tyrosine kinase (BTK) and interleukin-1
receptor-associated kinases (IRAKs). Ultimately,
MYD88 activation leads to IkBa phosphoryla-
tion, and release and activation of NF-kB. The
L265P mutation enhances cell survival by allo-
wing MYD88 homodimerization via a gain-of-
function mutation. Consecutive BTK
activation and IRAK complex activation lead
to constitutive NF-kB activation. Inhibition of
MYD88-signaling, in turn, decreases NF-kB
nuclear activation and translocation in WM cell
lines. Blocking IkBa by proteasome inhibition is
associated with higher response rates in WM
patients. The BTK inhibitor Ibrutinib has
shown in vitro activity in WM cell lines and
also in upcoming clinical trials. CXCR4, the
other hallmark point mutation in LPL/WM
cells, by binding its ligand, is activating AKT
and MAP kinases and is associated with cell
migration, adhesion and homing. CXCR4 muta-
tions exert an activating role in WM, enabling
tumor growth, dissemination of tumor cells, and
enhanced survival. ARID1A represents a protein
involved in chromatin remodeling and is located
in the long arm of chromosome 6. It is involved
in p53 and Cyclin-dependent kinase inhibitor 1A
regulation and, in LPL/WM, is frequently
inactivated by deletions. In summary, multiple
somatic mutations cooperate in LPL/WM to pro-
mote pro-survival signaling, cell migration,
homing, and cell-cycle dysregulation (Sohani
et al. 2017; Swerdlow et al. 2017).

Clinical Course and Prognosis

The clinical course of LPL/WM is indolent, and
most patients show slowly progressive disease
and treatment refractoriness as in other low-
grade B-cell lymphomas. Median overall survival
ranges between 5 and 10 years (Swerdlow et al.
2017). A scoring system for WM has been pro-
posed that acknowledges age >65 years, hemo-
globin<11.5 g/dl, platelet count less than or equal
to 100 � 109/l, Beta-2 microglobulin >3 mg/l,
and a serum monoclonal protein concentration
>7.0 g/dl. Five-year survival differs between the
different risk groups, being 87% for patients
younger than 65 years and 36% for high-risk
patients with more than 2 adverse characteristics.
The intermediate risk group has a 5-year overall
survival of 68%.

Other indicators of risk are a polymorphous
cytomorphology, a complex karyotype, or the
presence of 6q deletions. However, one recent
report has found that polymorphous morphology
in LPL/WM is associated with low prevalence of
MYD88 L265P mutations, and therefore, these
cases may not belong to the spectrum of classical
LPL/WM. Transformation to DLBCL, as in
other indolent lymphoma entities, occurs in
roughly 5–10% of cases and is associated with
an aggressive clinical course and poor prognosis.
The occurrence of mutations both inMYD88 and
ARID1A identified a patient group with exten-
sive marrow involvement, pronounced anemia,
and thrombocytopenia. Likewise, patients
whose tumor cells harbored both MYD88
L265P and CXCR4 mutations showed more
extensive bone marrow involvement and higher
serum IgM levels. In contrast, patients with both
MYD88 and CXCR4 genes in germline show the
lowest degree of bone marrow involvement. In
the same study, patients with MYD88 wildtype
had shorter overall survival compared with
patients whose tumor cells harbored the
MYD88 L265P mutation.

Consensus criteria for the initiation of therapy
and treatment recommendations are based on
a series of international workshops and have
stated that initiation of therapy should be done in
patients with constitutional symptoms,
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progressive lymphadenopathy, splenomegaly,
severe cytopenia, or rheological complications of
disease such as hyperviscosity, peripheral neurop-
athy, or amyloidosis. Frontline therapy usually
includes Rituximab-(R-)-containing regimens
such as R-Bendamustine, whereas Fludarabin-
containing regimens, Everolimus, or
Alemtuzumab may be administered in the relapse
or refractory setting. High-dose chemotherapy
with autologous stem cell transplantation may be
an option for salvage therapy. Plasmapheresis
may be indicated in patients with paraprotein-
related symptoms (Sohani et al. 2017).

Differential Diagnosis

Lymphoplasmacytic lymphoma/Waldenström
Macroglobulinemia has a major differential
diagnosis and diagnostic overlap with marginal
zone lymphoma, also because LPL/WM and
MZL have a similar immunophenotype (CD5-,
CD23-, Cyclin D1-) and may display prominent
plasmacytic differentiation. In lymph node biop-
sies, nodal MZL and secondary infiltration by
extranodal MZL of MALT type may exhibit
plasmacytic differentiation, and the same prob-
lem arises with bone marrow trephine specimens
(Swerdlow et al. 2016). Many cases of a nodal
manifestation of LPL/WM are clear-cut and fea-
ture typical morphological changes of patent
sinuses and an increased mast cell content and
therefore do not pose significant problems. On
the other hand, the absence of an IgM para-
protein in the peripheral blood argues against
WM. Because of the recent emergence of the
MYD88 L265P mutation as a hallmark genetic
feature of LPL, the distinction has become more
reliable. It has to be kept in mind, however, that
the L265P mutation has rarely been described
also in marginal zone lymphoma and other indo-
lent lymphoproliferations. Therefore, the finding
of the mutation does not entirely rule out another
B-cell lymphoma. In cases of doubt, a diagnosis
of B-cell lymphoma with plasmacytic differenti-
ation should be made, discussing the differential
diagnostic problem. On the other hand, a mono-
clonal IgM paraprotein can occur in all types of

lymphomas, even and especially also in lympho-
mas that do not show plasmacytic differentiation
on morphology.

Another differential diagnosis in LPL/WM
is gamma heavy chain disease, in which a trun-
cated gamma heavy chain is sequestered without
matching IG light chains. Whereas the matching
lymphoma often involves the same sites than LPL
including bone marrow, lymph nodes, and spleen,
the cytomorphology of gamma heavy chain dis-
ease has been described as more polymorphous
than LPL, stainable light chains are absent, and
the MYD88 L265P mutation is not a feature of
gamma heavy chain disease.

IgM MGUS, defined by a serum IgM
monoclonal protein <3 g/dl, absent or minor
lymphoplasmacytic infiltrates in the bone marrow
less than 10%, and absence of symptoms of WM,
is a differential diagnosis to LPL/WM, because
50% of cases have been shown to harbor the
MYD88 L265P mutation. If the bone marrow is
involved by plasmacytic IgM+ lymphoma in at
least 10% of the cellularity, but symptoms of WM
and/or end organ damage are absent, smoldering
or asymptomaticWMmust be considered. Plasma
cell myeloma (PCM), IgM subtype, is very rare
but nevertheless constitutes a significant differen-
tial diagnosis of lymphoproliferations with an
exceeding plasma cell component in the bone
marrow. Exclusion of a monoclonal B-cell com-
ponent in IgM plasma cell myeloma is crucial, and
clinical features in PCM are different from that of
LPL, classically presenting with hypercalcemia
and lytic bone lesions, but not presenting with
peripheral lymphadenopathy or splenomegaly.
Plasma cell myeloma, in addition, is consistently
CD19 negative and CD56 positive in a large num-
ber of cases, and the L265PMYD88 mutation has
hitherto not been found in IgM PCM.

Other disorders entering the differential diag-
nosis are primary chronic cold agglutinin disease,
primary AL amyloidosis, and Mm heavy chain
disease. In lymph nodes, the plasma cell variant
of Castleman disease (CD) may be a challenging
differential diagnosis; however, the clonal plasma
cells occurring in CD as a rule are IgG or IgA type.
Finally, certain non-neoplastic disorders leading
to activation of the lymphoid parenchyma and an
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increase in interfollicular plasma cells, such as
rheumatoid arthritis, luetic lymphadenitis, or
IgG4-related, may be considered.
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Definition

Primary immunodeficiency diseases (PIDs) are
single-gene inborn errors that affect the immune
and other systems and comprise over 300 different
genetic disorders (Bousfiha et al. 2018; Picard
et al. 2018). These are no longer limited to rare
developmental abnormalities occurring early in
life with increased susceptibility to infectious dis-
eases, but are more common than previously
thought presenting in older children, adolescents,
and adults with a broad range of clinical manifes-
tations and severity of symptoms. PIDs play a
central role in immune dysregulation and are
often linked to autoimmunity, allergy, auto-
inflammatory disorders, as well as malignancies,
particularly lymphoproliferative disorders.

With the widespread use of next-generation
sequencing techniques, PIDs are not limited to
monogenic disorders due to loss-of-function
mutations in an autosomal dominant (AD), auto-
somal recessive (AR), or X-linked fashion but
also due to gain-of-function mutations. These
mutations are usually also validated by functional
studies (Seleman et al. 2017).

The International Union of Immunological
Societies (IUIS) PID expert committee updates
the classification every other year to include new
genetic disorders identified and validated
(Bousfiha et al. 2018; Picard et al. 2018). The
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PIDs are arranged in nine groups comprising
immunodeficiencies affecting cellular and
humoral immunity; combined immunodefi-
ciencies with associated or syndromic features;
predominantly antibody deficiencies; diseases of
immune dysregulation; congenital defects of
phagocyte number, function, or both; defects in
intrinsic and innate immunity; auto-inflammatory
disorders; complement deficiencies; and
phenocopies of PID. This latter group was already
introduced in 2014, and it refers to syndromes
caused by acquired mechanisms such as somatic
mutations or autoantibody production against
cytokines or other factors leading to their deple-
tion and subsequent development of symptoms
analogous to the ones caused by germline muta-
tions. To facilitate the clinical applicability of this
classification, an additional phenotypic comple-
ment is published providing a schematic decision-
tree approach based on clinical and biological
phenotypes (Bousfiha et al. 2015).

The scope of this entry is to focus on
lymphoproliferative disorders (LPD)/lymphomas
that are associated with PIDs.

Clinical Features

• Incidence and Etiology
Depending on the type of PID, the risk of
developing LPD, lymphoma, or leukemia is
increased in both pediatric and adult
populations and is related to the underlying
genetic defect. It is difficult to assess the
impact of PIDs accurately, since they can go
undiagnosed, especially in the milder forms,
and a lymphoproliferative disorder may be
the presenting symptom. However, PIDs
remain relatively rare, and the overall occur-
rence of PID-associated LPD is low, account-
ing for 2.4% of all pediatric lymphoma cases
(Arico et al. 2015). As mentioned the reduced
ability to handle infectious pathogen is a car-
dinal feature of PIDs, and in the development
of LPDs, EBV plays a central role, although
not all of them are EBV-associated. Within the
nine groups of PID classification,

LPD/lymphomas have been reported in all
groups except “V” (congenital defects of
phagocyte number, function, or both), “VII”
(auto-inflammatory disorders), and “VIII”
(complement deficiencies), with the combined
T cell, and B cell immunodeficiencies account-
ing for two thirds of PIDs associated with
EBV-driven LPDs. A series of genetic defects
are associated with severe EBV-induced dis-
eases; this set of relatively rare disorders have
helped understanding molecular pathways that
ultimately led to the persistence of the virus
(EBV viremia) and development of EBV-LPD/
lymphoma (Shabani et al. 2016). They have
revealed defective T cell responses, often in
the setting of T cell lymphopenia, failure of
T and B cell interaction, as well as deficit
affecting NK cell and NKT cell (Latour and
Winter 2018).

X-linked lymphoproliferative syndrome
(XLP) is an example of a unique genetic sus-
ceptibility to a single infectious agent EBV
while maintaining the ability to control other
viral infections.

It affects male patients with the classic
triad of fulminant infectious mononuc-
leosis (also known as EBV-induced hemo-
phagocytic lymphohistiocytosis), dys-/
hypogammaglobulinemia, and/or lymphoma
(Rezaei et al. 2011). XLP is caused by a loss-
of-function mutation in SH2D1A gene, which
encodes for a small intracellular adaptor mole-
cule SAP (signaling lymphocyte activation
molecule (SLAM)-associated protein). It is
expressed in all T cells, NK cells, and NKT
cells. SAP-deficient cells have impaired cyto-
lytic activity of both CD8-positive T cells and
NK cells toward B cell targets, while their
effector function remains unaffected against
non-B cell targets, explaining the unique selec-
tivity for EBV-infected B cells (Hislop et al.
2010). In addition, these patients have also
defects in NKT cell development and humoral
immunity further contributing to their impair-
ment of long-term immunity (Tangye 2014).
About 30% of patients will develop B cell lym-
phomas including Burkitt lymphoma with both
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nodal and extranodal involvement and classi-
cal Hodgkin lymphoma.

Another example of deficit in killing B cell
targets by T and NK cells is represented by the
recently identified MAGT-1/XMEN X-linked
combined immunodeficiency due to a loss-of-
function mutation in the MAGT1 gene located
on Xq21.1 (XL), which encodes for Mg2+ ion
transporter essential for T and NK cell activa-
tion (Li et al. 2011). Only patients who are
hemizygous for mutations in MAGT1 are
affected. Typically, they have persistent EBV
viremia and increased susceptibility to EBV-
LPD, non-Hodgkin lymphoma, and classical
Hodgkin lymphoma with varying degrees of
humoral immune impairment (Chaigne-
Delalande et al. 2013). However, in contrast
with XLP patients, they also have other recur-
rent infections including severe poxvirus
(Molluscum contagiosum) or other herpes
viruses (VZV and HSV). Common immuno-
logical findings include CD4 lymphopenia,
inverted CD4:CD8 ratio, increased B cell pop-
ulation, and decreased expression of the acti-
vator receptor “natural-killer group 2, member
D” (NKG2D) on NK, and CD8-positive Tcells
(Li et al. 2011; Chaigne-Delalande et al. 2013).

Wiskott-Aldrich syndrome is one the first
PIDs associated with increased risk of develop-
ing lymphomas (Ochs et al. 2009). It is a com-
bined immunodeficiency associated with
autoimmunity due to mutations involving the
WAS gene on Xp11.4-p11.21 (XL), which lead
to defective actin polymerization in hematopoi-
etic cells. It affects NK, NKT, and T cells and
causes impaired synapse formation with defec-
tive T and NK cell lytic functions. The typical
syndrome is characterized by complete loss of
WAS protein, and clinically patients have recur-
rent infections (bacterial, viral, and fungal),
thrombocytopenia, small platelets, and eczema.
About 18% of patients will develop B cell lym-
phomas, particularly diffuse large B cell lym-
phoma often involving extranodal sites
including CNS (Cotelingam et al. 1985). More
recently, rare cases of Burkitt lymphoma, clas-
sical Hodgkin lymphoma, as well as
lymphomatoid granulomatosis have been
reported (Sebire et al. 2003; Pasic et al. 2006).

Somatic reversion can occur in T cells of these
patients over time with improvement of some of
their symptoms, but usually does not affect neu-
trophils so the risk of infections persists.

More recently a defect in dedicator of cyto-
kinesis (DOCK8), AR, located on chromo-
some 9, which forms a complex with WASp,
has been identified in several patients with
similar clinical characteristics to WAS patients
(i.e., eczema, recurrent viral, bacterial and fun-
gal infections, allergies, and hyper-IgE)
(Zhang et al. 2009). These patients are also at
risk of developing malignancies (17%), includ-
ing hematological cancers (non-Hodgkin lym-
phomas such as Burkitt and diffuse large B cell
lymphomas), epithelial cancers, and others
(Aydin et al. 2015).

Common variable immunodeficiency
(CVID) is a heterogeneous group of diseases
characterized by primary hypo-
gammaglobulinemia with significant decrease
in at least two serum immunoglobulin isotypes
with normal or low B cells (>1%) leading to
recurrent bacterial infections of the respiratory
tract (Ameratunga et al. 2013). The underlying
genetic defect remains largely unknown, and it
remains a diagnosis of exclusion. Secondary
causes of hypogammaglobulinemia, such as
drugs, infections, malignancy, protein loss, or
hypercatabolism, should be ruled out. In addi-
tion, the diagnosis should not be made in infants
and young children (before 4 years of age),
which can experience transient hypo-
gammaglobulinemia of infancy. It is usually
diagnosed between 20 and 40 years of age,
and it is the most common symptomatic PID
in adults. Most cases are sporadic, and family
history is found only 10–20% of cases. Under-
lying monogenic defects have been identified
only in about 3% of patients (Kienzler et al.
2017). In addition to recurrent infections that
may lead to chronic lung disease with or without
bronchiectasis, autoimmune and inflammatory
manifestations, enteropathy, granulomatous
lymphocytic interstitial lung disease,
lymphoproliferative disorders, and lymphomas
have been reported. In contrast to other PIDs,
they tend to develop low-grade B cell lympho-
mas, often extranodal, such as marginal zone
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lymphomas, and less frequently EBV-
associated (Cunningham-Rundles et al. 2002).
Patients with late-onset CVID and more severe
T cell defect have also shown an increased
number of lymphomas, and some of those
were EBV-associated (Malphettes et al. 2009).

Ataxia-telangiectasia is a rare biallelic
germline mutation with an autosomal recessive
pattern of inheritance characterized by ocular
telangiectasia, progressive cerebellar degener-
ation leading to ataxia, dysarthria, and abnor-
mal eye movement and evidence of
immunodeficiency with increased risk of infec-
tions. In addition, due the underling genetic
defect involving ATM gene on 11q22-q23,
which encodes a serine-threonine kinase of
the phosphoinositidyl 3-kinase-related protein
kinase family, patients have an increased risk
to develop malignancies particularly non-
Hodgkin and Hodgkin lymphoma, acute leu-
kemia, and solid cancer (Suarez et al. 2015).
ATM plays a central role in DNA damage
repair, cell cycle checkpoints, apoptosis, mito-
chondrial metabolism, and oxidative stress.
There is an extreme allelic heterogeneity of
the mutations leading to great clinical variabil-
ity; patients with complete loss of ATM
expression have more severe clinical presenta-
tion and a shorter overall survival compare to
the ones with partial loss (hypomorphic
forms). The immunologic defects affect both
humoral and cellular immunity; often patients
have vestigial thymic tissue. Nonmalignant
monoclonal T cell proliferations with
rearrangements of T cell receptor, similar to
the ones detected in overt leukemias, can be
found in peripheral blood. B cell non-Hodgkin
lymphoma, classical Hodgkin lymphoma, and
acute lymphoblastic leukemias tend to occur at
younger age, while T cell prolymphocytic leu-
kemia and solid cancers tend to occur later in
life. NHL are extranodal in 75% of cases and
half (50%) are associated with EBV, while
CHL, which also tends to be extranodal, is
invariably associated with EBV; all patients
tend to present with advanced stage. Overall,
the incidence of T-PLL and of myeloid leuke-
mia is much less than originally thought
(Suarez et al. 2015).

Autoimmune lymphoproliferative syn-
drome (ALPS) comprises a group of immune
dysregulatory syndromes with defective lym-
phocyte apoptosis and impaired homeostasis
related to mutations involving the FAS path-
way. It manifests clinically with chronic non-
neoplastic lymphoid proliferation leading to
lymphadenopathy, splenomegaly, and autoim-
mune cytopenias. The most common target
(65–70%) is ALPS-FAS due to heterozygous
germline mutations in gene TNFRSF6, located
on chromosome 10q24.1; the next common in
about 10% of patients is represented by
somatic FAS mutations. Much less frequently
mutations involve downstream mediators of
the FAS pathway, such as FAS ligand (FASL)
(<1%) and caspase 10 (CASP10) (3–6%).
Patients tend to present early in life, but
chronic lymphoid proliferation improves over
time, while autoimmune phenomena tend to
persist. Typically, they have an expansion of
mature CD4/CD8 double-negative (DNTs)
alpha-beta T cells in peripheral blood and lym-
phoid organs, which is one of the required
criteria for the diagnosis (Oliveira et al.
2010). Other laboratory findings include
increased levels of IL-10, IL-18, and vitamin
B12, soluble FAS ligand (sFASL), and hyper-
gammaglobulinemia. It is of interest that
healthy family members may carry the same
mutation as severely affected patients and lack
the elevation of DNTs and other laboratory
parameters indicating that FAS mutations per
se are not sufficient to cause symptomatic
ALPS, and other factors must come into play
(Price et al. 2014). Both patients and healthy
family members are at increased risk of devel-
oping lymphoma, Hodgkin and non-Hodgkin,
EBV-associated or not. The risk is estimated to
be up to 60–150 times that of the general
population.

Patients with ALPS clinical characteristics,
but lacking the underlying genetic defects
described above, were defined as ALPS-U
(undetermined), and with recent advances in
sequencing technologies, several new syn-
dromes have been identified. Among these,
activated phosphoinositide 3-kinase d syn-
drome (known also as APDS1 or PASLI for
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p110 delta-activating mutation causing senes-
cent T cells, lymphadenopathy, and immuno-
deficiency syndrome) is a newly described
combined PID caused by either heterozygous
gain-of-function mutation in PIK3CD gene,
which encodes for one of the catalytic subunits
of class IA PI3K, namely, p110 delta (Angulo
et al. 2013; Lucas et al. 2014a), or APDS2
which is caused by mutations in PIK3R1 gene
encoding for the regulatory subunit p85, which
is constitutively associated with the catalytic
subunit (Deau et al. 2014; Lucas et al. 2014b).
The function of class IA is to promote the
conversion of phosphatidylinositol-(4,5)-
bisphosphate to phosphatidylinositol-(3,4,5)-
triphosphate via phosphorylation leading to
activation of the AKT pathway. These patients
present with similar clinical characteristics
(referred as phenocopies) except for the short
stature which has only been described in
APDS2 (Elkaim et al. 2016; Coulter et al.
2017). They present with recurrent infections
involving respiratory system leading to organ
damage with bronchiectasis as well as recur-
rent or persistent viral infections of the herpes
family (EBV, CMV, VZV) and occasionally
adeno- and echoviruses. These findings are
likely secondary to B cell and T cell defect,
respectively. Benign lymphoid proliferations
are common as well as an increased risk in
developing Hodgkin and non-Hodgkin lym-
phoma, either EBV-associated or not. Lymph-
adenopathy is often associated with nodular
lymphoid hyperplasia of the respiratory and
gastrointestinal tract, splenomegaly, and hepa-
tomegaly. In addition, autoimmune and inflam-
matory manifestations are common as part of
the immune dysregulation; those range from
immune cytopenias to organ-based ones
(thyroiditis, glomerulonephritis, juvenile
arthritis).

From the immunological standpoint, the
majority of patients have decreased to low
level of IgG and IgA with increased level of
IgM (58–79%) indicating altered class switch
recombination and somatic hypermutation.
Typically, they also have an increase number
of transitional B cells, abnormality in T cells
with increased senescence, cell death and

increased T regulatory (Treg) cell number,
reduced CD4 T cell counts, and increased
CD8 of effector/memory type (Angulo et al.
2013; Lucas et al. 2014a). In our experience,
we have observed the development of lym-
phoma and/or lymphoproliferative disorders
in 26% of patients, and 53% of those were
EBV-associated; those included classical
Hodgkin lymphoma, diffuse large B cell lym-
phoma, and marginal zone B cell lymphomas.
The latter tend not to be EBV-associated.

Immune dysregulation syndromes due to
heterozygous germline mutations of cytotoxic
T lymphocyte antigen-4 (CTLA-4) and delete-
rious biallelic mutations of LPS-responsive
beige-like anchor gene (LRBA) are also
among the syndromes identified from
ALPS-U and CVID patients (Kuehn et al.
2014; Schubert et al. 2014; Charbonnier et al.
2015; Lo et al. 2015). Similarly to ALPS and
PI3K immunodeficiencies, the clinical picture
ranges in severity, age of onset, and clinical
symptoms; moreover healthy individuals car-
rying the same mutations as the affected rela-
tives are seen also in these disorders
(incomplete penetrance), with a more complete
penetrance for LRBA (Alkhairy et al. 2016).
CTLA-4 represents one of the earliest check-
points controlling T cell activation and acts as
negative regulator suppressing Tcell activation
and preventing autoimmune phenomena. It is
expressed constitutively by T regulatory cells,
and it is induced following activation on con-
ventional T cells.

In both syndromes, the main clinical fea-
tures are autoimmune cytopenias, enteropathy,
lung disease, splenomegaly, and recurrent
infections. Autoimmune diseases involving
the thyroid, skin, and joints are also present in
a subset of patients. Some of the patients also
develop lymphomas (CHL, often EBV-
associated, and non-NHL) and solid cancer,
which can also be EBV-associated (Egg et al.
2018). Lymphocytic organ infiltration involv-
ing multiple organs such as the gastrointestinal
tract, lungs, and central nervous system is often
detected. In general, the severity of the MR
imaging of the CNS and spinal cord lesions
does not correlate with clinical symptoms.
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Laboratory findings include progressive loss of
B cells with declining numbers of switched
memory B cells, leading to hypo-
gammaglobulinemia. Decrease naïve T cells
increased expression of PD-1-positive cells,
while Tregs are either normal or increased in
number. It is of interest that often they function
poorly, implying that CTLA-4 defects may
affect intrinsic signaling inhibitory pathways
as well as extrinsic regulatory pathways affect-
ing other T cells (Verma et al. 2017).

• Site
Depending on the underlying genetic disease,
patients may present with lymphadenopathy
which can be localized, but more often gener-
alized. Patients are often monitored by PET
scan and by EBV viral load to identify poten-
tial development of lymphoproliferative disor-
ders and/or lymphomas. In addition, these
patients may also have extranodal involvement
by lymphoproliferative disorders. The latter
frequently involve gastrointestinal and respira-
tory tract as well as central nervous system.

Macroscopy

Some distinctive features can be seen with the
nodular hyperplasia of gastrointestinal and respi-
ratory tract in patients with PI3K deficiency with
prominent cobblestone appearance of the mucosa.
Otherwise, the macroscopic features of nodal and
extranodal lymphoma and classical Hodgkin lym-
phoma are similar to the ones in immunocompe-
tent patients. CNS lesions in patients with
CLTA-4 haploinsufficiency can be localized
supratentorially, in the cerebellum and spinal
cord; they can be multifocal and quite large. In
some patients, leptomeningeal involvement can
precede the development of parenchymal lesions.

Microscopy

Nonneoplastic
The morphology of lymphoid proliferations varies
depending of the underlying genetic defect,
although some of the changes are per se nonspecific
in the appropriate clinical context; they can point

toward an accurate diagnosis. Often these prolifer-
ations are present in nodal and extranodal sites.

EBV-driven proliferation with features resem-
bling acute infectious mononucleosis, with the
typical highly polymorphic picture with lymphoid
cells showing evidence of plasmacytoid and
immunoblastic differentiation, areas of necrosis,
and occasionally Reed-Sternberg-like cells, can
be seen in numerous PID that are associated with
inability to handle viral infections and particularly
EBV (Shabani et al. 2016).

In ALPS patients, there is a prominent para-
cortical hyperplasia with expansion of double-
negative alpha-beta T cells, associated with follic-
ular hyperplasia and polyclonal plasmacytosis. In
rare cases the paracortical expansion is quite dra-
matic and may simulate peripheral T cell lympho-
mas; however, in these cases TCR gamma gene
rearrangement studies remain polyclonal or
oligoclonal (Lim et al. 1998). In a subset of
patients, there is partial or complete involvement
by large S-100 positive histiocytes with evidence
of emperipolesis consistent with sinus histiocytosis
with massive lymphadenopathy (SHML) (the
so-called Rosai-Dorfman disease) (Maric et al.
2005). The possibility of ALPS should be consid-
ered in patients with SHML.

In APDS1 patients, we have observed CMV
lymphadenitis as well as monocytoid B cell
hyperplasia/proliferation with reactive naked ger-
minal centers (Figs. 1 and 2). In patients with

Lymphoproliferative Disorders in Primary Immune
Deficiencies, Fig. 1 Reactive lymph node from a patient
with PI3KCD deficiency. Expanded marginal zone with
monocytoid cells surrounding a reactive germinal center
(H&E)
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Lymphoproliferative Disorders in Primary Immune
Deficiencies, Fig. 2 Reactive lymph node from a patient
with PI3KCD deficiency. Ill-defined germinal center,

lacking mantle zone with prominent monocytoid cells
(a, H&E); Immunohistochemical stain for CMV highlights
viral inclusions (b)

Lymphoproliferative Disorders in Primary Immune
Deficiencies, Fig. 3 Colon biopsy from a patient with
CTLA-4 haploinsufficiency. Lymphocytic colitis with
cryptitis and prominent lymphoid infiltrate. Numerous

apoptotic bodies are present within glandular epithelium
(H&E, a); Immunohistochemical stain showing a predom-
inant T cell infiltrate CD3 positive (b) and also CD4 pos-
itive (c)
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multiple lymph node biopsies over the course of
several years, there may be a shift in IG-positive
plasma cells with progressive increase of IgM as
documented in peripheral blood and relative pau-
city of IgG- and IgA-positive cells (Lucas et al.
2014a). Atypical marginal zone hyperplasia at
nodal and extranodal sites can also occur. Lym-
phoid nodular hyperplasia involving gastrointes-
tinal and respiratory tracts is also a very common
phenomenon. When it involves the upper respira-
tory tract, it can lead to acute airway obstruction
with severe narrowing (Lucas et al. 2014a).

In CTLA-4 patients, autoimmune enteropathy
involving the entire gastrointestinal tract is often
present. Atrophic gastritis can precede the devel-
opment of gastric cancer and should be moni-
tored. Patients often have persistent
gastrointestinal symptoms with evidence of lym-
phocytic colitis, which can simulate GVHD with
apoptotic bodies and crypt abscesses (Fig. 3).
CNS lesions have several recurrent features rang-
ing from a lymphohistiocytic infiltrate with pre-
dominance of T cells without evidence of
vasculitic changes to a more plasmacytic infiltrate
with a perivascular and intraparenchymal distri-
bution. Some of the cases show evidence of light
chain restriction as well as crystal-storing
changes; these lesions are rarely destructive and
regress upon therapy (Fig. 4) (Kuehn et al. 2014).

Malignant Lymphomas

When they do occur, they have similar histology
and phenotype as in immunocompetent patients.
There are often EBV-associated both CHL and
NHL; their frequency and age of onset vary
depending on the underlying genetic defect.
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Synonyms

Centrocytic lymphoma (1974, Lennert); malig-
nant lymphoma, intermediate, lymphocytic type
(Weisenburger 1981). These two names are old,
historical denominations and should not be used
anymore to avoid confusions.

Definition

Mantle cell lymphoma (MCL) is a B-cell
non-Hodgkin lymphoma (NHL), whose cell of
origin is the mantle cell of secondary lymphoid
follicles. Its major molecular feature is the
t(11,14) (q13.3;q32-33) translocation responsible
of an overexpression of Cyclin D1.

Initially described as one of the “small B-cell
lymphoma” with the worse prognosis, MCL is

recognized as an heterogeneous disease with
classical and potentially aggressive disease on
one hand and with new variants considered as
indolent on the other hand such as leukemic non-
nodal mantle-cell lymphoma and in situ mantle
cell neoplasia. The recognition of these indolent
variants is important for the optimal management
of patients with MCL.

Clinical Features of Classical Mantle Cell
Lymphoma

• Incidence
3–10% of NHL.

• Age
Median age around 60 years.

• Sex
Male/female: 2/1.

• Site
It is often diagnosed among patients with
advanced stages (stage III or IV) with poly-
adenopathies, splenomegaly, and bone marrow
involvement. Extranodal localizations are classi-
cally the digestive tract with rare but specific
multiple lymphomatous polyposis as well as
Waldeyer ring. Lung or pleural localizations
have been described. Blood lymphocytosis is
often present, sometimes minimally, detected
only by flow cytometry. Central nervous system
involvement is rare, present in 4% of the cases
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but is more frequent among patients with aggres-
sive cytological variants and/or when LDH
levels are increased.

• Treatment
In some patients with indolent MCL character-
ized with low MIPI, low tumor burden, no B
symptom, no cytopenia,Watch andWait strategy
is possible. Otherwise, in younger patients, the
benefit of an aggressive induction combining
rituximab with cytarabine-containing regimen,
followed by consolidation with autologous stem
cell transplant has emerged as a new standard of
treatment. However, the majority of MCL
remains incurable with a continuous pattern of
relapses. Maintenance therapy showed improved
overall survival, leading to add rituximab main-
tenance for all patients. Obtaining a complete
response with MRD negativity (and/or negative
PET scan) by reducing toxicity during induction
will become the future therapeutic objective. The
monitoring of minimal residual disease (MRD)
may enable tailored treatment with preemptive
strategies. In relapsing patients targeted therapies
such as BTK inhibitors, Venetoclax, or combina-
tion led to good response with long duration. In
some cases, in relapses in fit patients allogeneous
stem cell transplantation is discussed. New ther-
apeutic approaches integrating novel agents
(ibrutinib, lenalidomide, temsirolimus,
bortezomib, venetoclax, and new anti CD20 anti-
bodies) earlier in the disease course alone or in
combination in induction or as maintenance ther-
apy are currently tested in order to cure or
improve prognosis of poor risk MCL. In elderly
patients, depending on the performance status
and the fragility of patients, bendamustine alone
or in combination with aracytine, R-CHOP, or
chemofree with ibrutinib are used and followed
by maintenance therapy with rituximab.

• Outcome
The prognosis of this aggressive lymphoma his-
torically with a median survival of 3–6 years
reaches today 8–12 years among patients able
to receive new intensive chemotherapy regi-
mens. The most important prognostic factor is
clinicobiological called MIPI score (Mantle Cell
International Prognostic Index), gathering per-
formance status, age, LDH levels, and

leucocytosis. This score allows to classify the
MCL in three groups: low, intermediate, or high
risk. Ki-67 expression by tumor cells has been
shown as an important prognostic factor and has
recently been combined to the MIPI named
c-MIPI (combined MIPI). This c-MIPI has been
shown that it allows to stratify young or elderly
MCL patients among European clinical trials in
four risk groups (low, low intermediate, high
intermediate, and high). The threshold for
Ki-67 is equal or superior to 30%. There has
been recommendation by the European Mantle
Cell Lymphoma network for the evaluation of
ki-67 to increase reproducibility. It is recom-
mended to count Ki-67 expression among
100 lymphoid cells in 2 of the most representa-
tive areas (count of 200 cells). However, this tool
has not been yet evaluated as stratifying bio-
marker in prospective trial and its prognostic
value among patients treated with new therapies
(such as bendamustine, lenalidomide, BTK
inhibitors, anti-BCL2) has not been yet clearly
evaluated although a recent phase 2 combining
ibrutinib with venetoclax confirmed the worst
response among patients with high Ki-67.

Mutations/deletions of TP53 have been
reported as an independent prognostic bio-
marker in different trials.

MCL do not transform in diffuse large
B-cell lymphoma. However, morphological
variation occurs during evolution from classic
to blastoid or pleomorphic or the opposite.

Macroscopy

In the digestive tract, multiple polyposis is the typical
feature,which inmost cases of lymphomacorrespond
toMCL.Considering lymph node, on the cut section,
a vague nodular architecture might be present.

Microscopy

The pattern of infiltration is often diffuse (although
reticulin staining (Fig. 1) or immunohistochemistry
often disclose a vague nodular architecture) and/or
nodular (Fig. 2) with an expansion of mantle zone
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area. Lymphoid tumor cells are small to medium
sized, monomorphic, with irregular nuclei con-
tours, with a pale narrow cytoplasm. There is a
dispersed chromatin with small central nucleoli
(Fig. 3). The presence inside the tumor of persistent
reactive germinal centers (mantle zone pattern)
(Fig. 4) is an excellent elementary lesion in favor
of the diagnosis when present. There is no
centroblastic or immunoblastic component inside
the tumor except reactive germinal center
centroblasts. Presence of dispersed histiocytes
within the tumor giving the typical mottled pattern
is frequent (Fig. 5). The presence of tingible body
macrophage is described in aggressive cytological
variant. Plasma cell differentiation is classically not

present although exceptional cases have
been described.

Two aggressive cytological variants have been
described: blastoid and pleomorphic variants. The
blastoid variant (2–6% of cases) is characterized
by tumor cells medium to large with irregular
nuclei, fine chromatin, high mitotic index, mim-
icking lymphoblast (Fig. 6). The pleomorphic
variant (5–9%) is made of large lymphoid cleaved
cells, with dense chromatin or vesicular nuclei and
well-defined nucleoli, mimicking diffuse large
B-cell lymphoma (Fig. 7).

Other variants have been described such as
marginal-zone like variant with dark zone at the
center with small lymphoid cells and peripheral

Mantle Cell Lymphoma, Fig. 1 Nodular architecture
(reticulin stain)

Mantle Cell Lymphoma, Fig. 2 Nodular and diffuse
architecture (H&E stain)

Mantle Cell Lymphoma, Fig. 3 Small lymphoid cells
with irregular nuclei (Giemsa stain, high power)

Mantle Cell Lymphoma, Fig. 4 Mantle zone pattern:
tumor cells (right), with remnant of centrocytes and
centroblasts in a reactive germinal center (left) (Giemsa
stain)
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pale area made of medium-sized cells resembling
marginal or monocytoid cells, raising difficult
differential diagnosis with marginal zone lym-
phoma particularly in spleen samples. In addition,
there is a small cell variant (3–6% of the cases)
made of small lymphoid round cells with dense
chromatin, mimicking B-CLL cells. However,
there are no proliferative centers in MCL.

Immunophenotype

Tumor B cells expressed CD20 (Fig. 8), CD5
(Fig. 9), IgD, BCL2 (Fig. 10), cyclin D1 (Fig. 11),
SOX11 and are usually negative for CD10, BCL6,
and CD23. CD21 and CD23 (Fig. 12) staining
underlined the follicular dendritic cell meshwork,

disorganized, expansive, and ill-defined. Cyclin D1
nuclear expression by tumor cells, using clone SP4,
is present inmore than 95% ofMCL, with presence
of internal positive control such as stromal cells.
When immunohistochemistry with cyclin D1 is
difficult to interpret due to fixation problems,
FISH looking for the CYCLIN D1/IgH transloca-
tion should be performed, often looking for
CYCLIN D1 gene break. In cases of MCL that do
not express cyclin D1 cases, SOX11 expression is
crucial to demonstrate as it is expressed in 90% of
classical MCL. Unusual phenotypes such as CD5
negativity, CD10 or BCL6 expression, CD
23 expression have been reported in 5–18% of
cases. CD10+ cases have often diffuse architecture,
aggressive cytological variant, and BCL6 expres-
sion. Aberrant expression of LEF-1 or CD200

Mantle Cell Lymphoma, Fig. 5 Mottled pattern: pres-
ence of dispersed histiocytes within tumor (H&E stain)

Mantle Cell Lymphoma, Fig. 6 Blastoid variant of man-
tle cell lymphoma (H&E stain)

Mantle Cell Lymphoma, Fig. 7 Pleomorphic variant of
mantle cell lymphoma (H&E stain)

Mantle Cell Lymphoma, Fig. 8 Tumor cells express
CD20 (vague nodular pattern)
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(B-CLL markers) have been reported in aggressive
variants and leukemic non-nodal MCL.

Flow cytometry performed on peripheral blood
or marrow aspirates usually found expression
of CD19, CD20, CD79b, CD22, CD5, FMC7,
SOX11, with moderate expression of surface
light chains, often lambda. Absence of expression
of CD200 is classical.

Molecular Features

The t (11, 14) (q13; q32) translocation involves
cyclin D1 gene (CCND1) on 11q13 with immu-
noglobulin heavy gene (IgH) on 14q32. This

translocation, inducing overexpression of Cyclin
D1 by tumor cells, is considered as the first molec-
ular event in MCL. It is present in more than 95%
of the cases of MCL. However, this translocation
is not sufficient to induce MCL as it has been
found in the blood of healthy donors. Cyclin D1
is implicated in the cell cycle during the transition
G1-S. Few cases of translocation involving
CCND1 with light chain genes have been rarely
described.

Main secondary events reported were gains
in 3q26, 7p21, 8q24 (C-MYC) and deletions in
1p16-p31, 6q23-27(TNFAIP3), 9p21 (CDKN2A,
SMARCA2), 11q22-23 (ATM), 13q11-q13, 13q14-
q34, and 17p13 (TP53). MYC and BCL6

Mantle Cell Lymphoma, Fig. 9 Tumor cells express
CD5 with an intensity lower than reactive T cells (on the
right)

Mantle Cell Lymphoma, Fig. 10 Tumor cells express
BCL2 with negative reactive germinal center (mantle zone
pattern)

Mantle Cell Lymphoma, Fig. 11 Tumor cells express
Cyclin D1 (nuclear stain)

Mantle Cell Lymphoma, Fig. 12 Presence of an expan-
sive follicular dendritic meshwork expressing CD23 with
tumor cells not expressing CD23
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translocation have been reported as well as
inactivating mutations of ATM and mutations of
TP53, SMARCA4, ARID1A, WHSC1, UBR5,
CCND1, MLL2, NOTCH1, NOTCH2, CARD11,
TRAF2, TRAF3, and BIRC3.

These genetic events target different pathways,
such as DNA damage response, cell proliferation
and apoptosis. The main pathways implicated
were the BCR signalling, NF-kB (both classical
and alternative), PI3K, BCL2, as well as
JAK/STAT3, NOTCH, WNT, SWI-SNF chroma-
tin remodeling complex.

In most cases of classical MCL, there was no
somatic hypermutation of the variable regions of
IgH whereas hypermutations were more frequent
in the non-nodal leukemic indolent variant.

MCL without IgH/cyclin D1 translocation
have been reported and 50% had a translocation
between Cyclin D2 and often light chain genes.

Differential Diagnosis

The differential diagnosis strongly depends on
the cytological pattern of tumor cells. In the clas-
sical cytological classical, the demonstration of a
typical phenotype and a strong cyclin D1 over-
expression by tumor cells allows easily to confirm
MCL. However, it is important to realize that
other small B-cell neoplasms can express cyclin
D1 such as hairy cell leukemia, proliferative cen-
ters from lymphocytic lymphoma, some myelo-
mas or plasmacytomas.

Marginal-zone like or small B-cell like MCL
should not be confused with marginal zone lym-
phoma or B-CLL, and the evaluation of Cyclin D1
is strongly recommended in the phenotypic panel
for the diagnosis of a small B-cell lymphoma.

Most importantly, it is particularly important
not to forget MCL (pleomorphic variant) when
dealing with a diffuse large B-cell lymphoma
(DLBCL)-like pattern. This is the reason why
it is very important first of all to stain for CD5
all the diffuse large B-cell lymphoma and to stain
for Cyclin D1 (Fig. 13) all the DLBCL-like lym-
phoma CD5 positive (Fig. 14). Indeed, a few cases
of pleomorphic mantle cell lymphoma are often
misdiagnosed as DLBCL. However, we should be

also aware that DLBCL can express cyclin D1 but
usually in a low number of cells. In doubtful
cases, there is an indication for FISH to look for
cyclin D1 translocation to confirm MCL.

Blastoid variant of MCL should not be con-
fused with B-cell lymphoblastic lymphoma and
Cyclin D1 should be performed when dealing
with lymphoblastic like morphology, particularly
when TdT is negative. Ki-67 is often high over
30% (Fig. 15).

Non-nodal Leukemic Mantle Cell
Lymphoma

Since 10 years, an indolent variant of MCL has
been identified but sometimes diagnosed only

Mantle Cell Lymphoma, Fig. 13 Pleomorphic mantle
cell lymphoma cells express Cyclin D1

Mantle Cell Lymphoma, Fig. 14 Pleomorphic mantle
cell lymphoma cells express CD5 in a minority of cells
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indolent retrospectively after an unusual long
evolution.

The typical variant recognized by the WHO
is the leukemic variant with splenomegaly, no
adenopathies or small size adenopathies, IgH V
somatic hypermutations, simple caryotype, Kappa
restriction, absence or low expression of SOX11.
CD5 expression is less frequent than in the
classical form.

A second form of indolent MCL can happen in
a patient with nodal presentation, but with limited
stage, with classical morphology and phenotype,
mantle cell topography, low Ki67 index. These
cases are more often SOX11 negative.

However, despite a good prognosis, few
patients have a more aggressive evolution with
transformation in aggressive variant, potentially
linked to secondary events such as TP53 muta-
tion/deletion.

In Situ Mantle Cell Neoplasia

Historically named “In Situ Mantle Cell
Lymphoma,” it is characterized by the presence
of CD20 positive B-cells with t(11,14),
expressing cyclin D1 in the normal or slightly
enlarged mantle zone of hyperplastic lymphoid
follicles (Fig. 16). These cells are often localized
in the inner part of mantle cell. They are usually
CD5 negative but express SOX11. In a series of
12 patients with in situ mantle cell neoplasia, only

one developed a classical MCL after a follow-up
of 4 years.
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Synonyms

Eosinophilic fibrohistiocytic bone marrow lesion;
Generalized urticaria pigmentosa; Mast cell dis-
ease; Mast cell reticulosis

Definition

Mastocytosis is a clonal hematological disease lead-
ing to accumulations or even large compact infil-
trates ofmutatedmast cells in various tissues/organs.

Diagnosis

Mastocytosis, in particular its systemic subvariants,
is diagnosed by histological investigation of the

affected tissue using established criteria included
in the WHO classification of mastocytosis. The
diagnosis of mastocytosis and its variants is based
on histopathologic, morphologic, molecular, sero-
logic, and clinical criteria.

A detailed list of the defined subtypes of
mastocytosis is shown in Table 1, and the diag-
nostic criteria are summarized in Table 2.

The diagnosis “systemic mastocytosis” (SM) is
almost always established in a core biopsy of the
bone marrow. Bone marrow and blood smears
therefore should always also be investigated and

Mastocytosis, Table 1 WHO classification system of
mastocytosis (2017)

Cutaneous mastocytosis

Urticaria pigmentosa/maculopapular cutaneous
mastocytosis

Diffuse cutaneous mastocytosis

Mastocytoma of skin

Systemic mastocytosis

Indolent systemic mastocytosis (including the bone
marrow mastocytosis subtype)

Smoldering systemic mastocytosis

Systemic mastocytosis with an associated hematological
neoplasm (SM-AHN)

Aggressive systemic mastocytosis

Mast cell leukemia

Mast cell sarcoma

Mastocytosis, Table 2 Diagnostic criteria for
mastocytosis

Systemic mastocytosisa

Major criterion

Multifocal dense infiltrates of mast cells (at least 15 in
aggregates) in bone marrow or other extracutaneous
tissues

Minor criteria

1. >25% of mast cells in compact and/or diffuse-
interstial infiltrates are spindle-shaped and/or have
immature morphology

2. Activating point mutation at codon 816 of KIT
3. Aberrant expression of CD25 in addition to normal

mast cell antigens
4. Serum total tryptase is persistently >20 ng/mL

(unless a myeloid neoplasm is present in SM-AHN)

Cutaneous mastocytosis

Skin lesions of urticaria pigmentosa, diffuse
aIf one major and one minor or at least three minor criteria
are fulfilled, the diagnosis of SM can finally be established
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are crucial for the diagnosis of mast cell leukemia.
The subtype of SM basically is defined by histo-
logic and morphologic criteria but additional clin-
ical, e.g., radiological and serological, parameters
are also of crucial importance in some cases.

For immunohistochemical and molecular ana-
lyses, routinely processed trephine biopsy speci-
mens are used after mild decalcification in edetic
acid (EDTA).

Clinical Features

Mastocytosis is an extremely heterogeneous dis-
ease presenting with a large variety of clinical
symptoms/features and thus often poses major
diagnostic problems to the physician.
A classification system of mastocytosis has been
published by the WHO in 2001 and updated in
2008 and 2017. This classification includes cuta-
neous mastocytosis (CM), SM, and localized mast
cell tumors. SM is divided into five defined vari-
ants: indolent SM (ISM), smoldering SM (SSM),
SM with an associated hematological neoplasm
(SM-AHN), aggressive SM (ASM), and mast cell
leukemia (MCL). ASM, MCL, and SM-AHN are
often referred to as advanced SM (advSM). It is of
outmost importance, that in SM-AHN each disease
component must be subcategorized according to
the available WHO criteria, whenever possible.
A summary of subtypes and the defining criteria
are shown in Table 2. An extremely rare sub-
variant of mastocytosis is the (localized) mast
cell sarcoma (MCS). In a subset of patients with
ISM and SSM, progression to SM-AHN, ASM, or
MCL is seen.

Prognosis of mastocytosis varies greatly
depending on the subtype. The prognosis of CM,
ISM, but also SSM is usually favorable. Patients
with CM and most patients with ISM have a
normal life expectancy. However, patients suffer-
ing from advSM usually have a very poor
prognosis.

CM can be divided into three main categories:
(1) urticaria pigmentosa (= maculopapular cuta-
neous mastocytosis), (2) diffuse cutaneous
mastocytosis, (3) and (solitary) mastocytoma of
skin. Dermatologists are quite familiar with the

disseminated brownish-red macular or
maculopapular lesions of urticaria pigmentosa
whereas diffuse cutaneous mastocytosis and
mastocytoma are more difficult to diagnose clini-
cally. CM should only be diagnosed when defin-
ing criteria for SM are not met. CM is mainly a
disease of children and only rarely seen in the
adult. Thus, urticaria pigmentosa-like skin lesions
in the adult are usually indicative of the presence
of an ISM.

Serum tryptase levels are normal or only
slightly elevated in CM but usually elevated or
even very high in SM. Serum tryptase levels in
SM correlate with the burden of neoplastic mast
cells, and accordingly can be used for monitoring
disease progression and response to interventional
therapy. Persistently elevated serum tryptase
levels >20 ng/mL constitute one of four minor
diagnostic criteria for SM.

Clinical symptoms of SM vary greatly among
patients, depending on the disease subtype, and
can be divided into four major categories:
(1) constitutional symptoms like fatigue, weight
loss etc., (2) skin symptoms like pruritus, flush-
ing etc., (3) systemic mediator-related symptoms
like abdominal pain, headache etc., and (4) mus-
culoskeletal symptoms, including bone pain.
It is of major importance that some patients
with mastocytosis may suffer from severe, some-
times life-threatening, mediator-related symp-
toms and show a substantial event-related
increase and subsequent drop in serum tryptase
levels. These patients may suffer from a primary
(clonal) mast cell activation syndrome (MCAS).
In rare cases with primary MCAS, monoclonal
mast cells carrying the KIT D816V mutation
are found but the criteria for mastocytosis are
not fulfilled. These patients may develop
SM on follow-up. In other MCAS patients no
mastocytosis is found. Most of these patients
have an underlying IgE-dependent allergy.
If neither an allergic disease nor mastocytosis
is diagnosed, the diagnosis idiopathic MCAS
is established.

Significant organomegaly, especially spleno-
megaly and/or lymphadenopathy, is absent in
CM, very uncommon in ISM, but almost always
seen in SSM and advSM. Major hematological
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abnormalities occur in patients with advSM but
are nonspecific with one exception: a significant
number of circulating mast cells (> 10% of leu-
kocytes) is seen in the leukemic variant of MCL.
Signs of bone marrow insufficiency are present in
many but not all patients with “pure” ASM and
MCL. Despite a diffuse-compact bone marrow
infiltration, significant cytopenias are sometimes
absent in patients with MCL. These patients are
suffering from chronic MCL. Depending on the
subtype of the “AHN” a large variety of blood
abnormalities are encountered ranging from
severe cytopenias in SM-MDS to dramatic
“cytoses” in SM-MPN.

Mast cell sarcoma (MCS) is extremely rare
and principally may occur at any site. MCS has
been described in larynx, large bowel, meninges,
skin, and bone marrow. MCS developing in
patients with preexisting SM is termed second-
ary MCS. The prognosis is very poor: in more
than 50% of patients, a terminal phase of sec-
ondary MCL has been described. Very few
benign extracutaneous mast cell tumors
(=mastocytoma) have been reported to occur in
the respiratory tract and lungs but due to their
extreme rarity have been deleted from the origi-
nal list of mastocytosis subcategories in the
updated WHO classification.

Macroscopy

Whereas skin efflorescences of mastocytosis,
in particular in CM and ISM, are well-known to
the dermatologist, very little is known about
macroscopic findings regarding internal organs
in mastocytosis. In an own case of advSM sple-
nectomy was performed due to a massive
organomegaly (approximately 1000 g). Cut
surface showed an enlarged red pulp with multi-
ple and up to 2 cm measuring greyish nodules
which microscopically could be identified
as compact mast cell infiltrates. In a female
patient with long-standing SM a (secondary)
bifocal MCS had developed in the large bowel
and liver, clinically and macroscopically per-
fectly phenocopying metastasizing colonic
cancer.

Microscopy

The compact infiltrate consisting of at least
15 mast cells represents the histomorphological
key feature of mastocytosis, especially in SM, but
is often absent in CM (Fig. 1). Diagnostic compact
mast cell infiltrates in SM are usually found in the
bone marrow but have also been described in
lymph nodes, spleen, and liver. Mast cells show
varying degrees of cytological atypia including
spindle-shaped appearance. The presence of
>25% spindle-shaped mast cells in the compact
and/or the diffuse-interstitial infiltrate has been
proposed as a further minor criterion for diagnosis
of SM. Most cases show a mixture of round- and
spindle-shaped mast cells with varying degrees of
granulation (slight hypogranulation is very com-
mon). Rare patients, however, show exclusive
presence of round mast cells (Fig. 2). Such cases
either have “common” or “well-differentiated”
SM (WD-SM). The latter is not a subtype of its
own but represents a rare phenotypical variation
of SM occurring in all defined WHO subtypes of
SM, even in MCL. WD-SM shows additional
characteristic features: (1) low incidence of KIT
mutations in exon 17 (20%), (2) no aberrant
expression of CD25 but of CD30 on mast cells,
and (3) presence of focal or diffuse TROCI phe-
nomena (= tryptase-positive compact round cell
infiltrate).

Mastocytosis, Fig. 1 Systemic mastocytosis. Hyper-
cellular bone marrow with a compact infiltrate of spindle-
shaped and hypogranular mast cells (center) which can
hardly be detected in routine Giemsa stain alone. Note the
hyperplastic erythropoiesis (left). Giemsa
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Histological features of compact mast cell infil-
trates (in the bone marrow) comprise the following:
various but often high numbers of admixed eosino-
phils and lymphocytes, varying but often high
degree of reticulin fibrosis, especially in larger
(long-standing?) infiltrates with focal
collagenization and preferred localization in a peri-
trabecular position. In “low-grade” SM, in particular
ISM, with minor bone marrow infiltration (usually
only up to 15% of the section area) hematopoiesis
remains completely intact, and significant alterations
of the blood picture, especially cytopenias, do not
occur. However, in advSM with diffuse-compact
bone marrow involvement, major impairment of
the bone marrow function may occur resulting in
profound cytopenias (Fig. 3). The histological pic-
ture becomes even more complex when an “AHN”
is present (Fig. 4). In patients with an acute myeloid
leukemia the SM may be almost completely
obscured and becomes evident after cytoreductive
therapy with complete remission of the leukemia.
Such cases have been termed “occult” SM. In con-
trast, AdvSM may largely obscure the “AHN” also
making a straightforward diagnosis nearly impossi-
ble. In all these cases, appropriate immunohisto-
chemical and molecular pathological analyses have
to be performed before a diagnosis of “pure” ASM
or MCL can be confirmed. It is of outmost impor-
tance to know that >50% of all ASM cases and
many MCL cases are in fact SM-AHN.

Cytological atypia other than an increase in
spindle-shaped mast cells are hardly detected in
histological sections but are often seen in bone
marrow smears (Fig. 5). Such atypia include:
(1) immature mast cells with bilobed or even
monocytoid nuclei (= promastocytes), (2) promi-
nent nucleoli (rare, usually only seen in MCL),
(3) marked reduction and uneven distribution of

Mastocytosis, Fig. 2 Well-differentiated systemic
mastocytosis. Bone marrow with compact infiltrate exclu-
sively consisting of round, large mast cells strongly stained
in histochemical naphthol AS-D chloroacetate esterase
reaction (Leder’s stain or CAE). CAE

Mastocytosis, Fig. 3 Aggressive systemic mastocytosis.
Extremely hypercellular bone marrow with a diffuse com-
pact infiltration by mostly spindle-shaped, hypogranular
mast cells embedded in a dense fibrotic stroma. Subtotal
depletion of fat cells and blood cell precursors. The degree
of mast cell infiltration is sufficient to diagnose aggressive
SM when a single C finding is present clinically. H&E

Mastocytosis, Fig. 4 SM-AHN. Extremely hyper-
cellular bone marrow exhibiting both, a focal compact
infiltrate consisting of spindle-shaped hypogranulated
mast cells and a diffuse increase in eosinophilic
granulocytes enabling diagnosis of a systemic
mastocytosis associated with a chronic eosinophilic leuke-
mia (SM-CEL, nos). H&E
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metachromatic granules. Even mast cells with
severe cytological atypia usually are not blast
cells and have to be distinguished from the “meta-
chromatic blasts” with clear-cut blastoid features
and scarce metachromatic granules. Metachro-
matic blasts are a feature of myelomastocytic leu-
kemia (MML), and can also be seen in acute MCL
but are usually not found in other subvariants of
mastocytosis (Fig. 6). Cytomorphological inves-
tigation of bone marrow and blood is crucial in
MCL and SM-AHN, but should be performed in
all cases of SM. If mast cell numbers in bone
marrow smears exceed 19% of all nucleated
bone marrow cells, the diagnosis of MCL can be
established, while mast numbers between 5% and
19% define a rare subtype of ASM termed ASM in
transformation (ASM-T). Mast cell numbers
below the threshold of 5% are encountered in all
other subvariants of mastocytosis.

MCL may be further subcategorized into a pri-
mary or de novo variant and secondary MCL in
patients with preexisting SM, usually ASM or
MCS. MCL usually presents as a life-threatening
disorder with very short survival time but a few
patients fulfilling criteria for MCL have been
reported with a much better clinical course.
Accordingly, acute variants have to be

distinguished from chronic MCL including cases
with normal (or almost normal) blood counts and
almost exclusive spindle-shape appearance of mast
cells.

Immunophenotype

Normal and reactively increased mast cells con-
stitutively coexpress the antigens tryptase and
CD117 (KIT). Coexpression of tryptase and
CD117 and lack of CD34 represent the basic,
lineage-defining, immunophenotypic features of
mast cells, always found in normal and reactive
as well as in neoplastic states. While tryptase
belongs to the few more or less mast cell-specific
antigens, CD117 is not only expressed by mast
cells but also by a variety of other hematopoietic
and nonhematopoietic cell types in normal/reac-
tive and neoplastic states. It has been described
that, apart from mast cells, tryptase expression
may be sometimes seen in neoplastic basophilic
granulocytes and also in rare cases of acute mye-
loid leukemia (AML). Although tryptase has a
high specificity in the setting of mastocytosis it
can be (almost) lost in mast cells, especially after
therapy and in intestinal mastocytosis, leading to
an “incomplete mast cell immunophenotype.”

Mastocytosis, Fig. 5 Mast cell leukemia. Bone marrow
smear shows an increase of highly pleomorphic mast cells
with vacuolated cytoplasm and sparse metachromatic gran-
ules. Some “agranular” blast cells are also seen. Note a
multinucleated giant mast cell in the center. Since mast
cells clearly make up more than 20% of all nucleated
cells, diagnosis of mast cell leukemia can be established.
Wright-Giemsa

Mastocytosis, Fig. 6 Myelomastocytic leukemia. Bone
marrow smear is hypercellular and dominated by blastoid
cells with scarce metachromatic granules (cf. Fig. 5). The
presence of abundant metachromatic blast cells is seen in
myelomastocytic leukemia (MML) while such blast cells
are rare or even absent in mast cell leukemia. Wright-
Giemsa
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Despite its low specificity, CD117 is expressed in
all normal and neoplastic mast cells irrespective of
their maturation stage (Fig. 7). Vice versa, cells
not expressing CD117, by definition, cannot be
regarded as mast cells.

It is of great importance in diagnostic histopa-
thology that neoplastic (clonally mutated) mast cells
may aberrantly express a variety of antigens
(Table 3), in particular CD2 (LFA-2) and CD25
(IL2-R-alpha). Aberrant expression of CD25 and
CD2, which is less frequently detected in neoplastic
mast cells compared to CD25, has been included in
the list of minor diagnostic criteria for mastocytosis.
More recently, CD30 (Ki-1 antigen) has been added
to the list of aberrantly expressed antigens in mast
cells in SM, but this antigen is not yet an accepted
additional minor criterion of SM. The following
immunophenotypic profiles of mast cells can be
found: (1) “mature” with coexpression of tryptase
and CD117 in normal/reactive states but also in
mastocytosis, especially the WD-SM subtype;
(2) “aberrant” with expression of antigens not seen
on normal mast cells, especially CD2, CD25, and
CD30, almost always associated with mastocytosis;
and (3) “incomplete aberrant”with missing tryptase
but expression of CD25 may be seen in intestinal
mastocytosis. Antigens of relevance in diagnostic

hematopathology not expressed by mast cells in
neoplastic states are: CD3, CD7, CD8, CD10,
CD19, CD20, CD34, CD38, CD42b, CD56,
glycophorin A/C, myeloperoxidase, and TdT. Test-
ing of these markers is of major importance in cases
of SM-AHN.

Molecular Pathology

The molecular key finding in mastocytosis is
the demonstration of an activating point
mutation in exon 17 and codon 816 of KIT. In
most patients with SM, the KIT D816V mutation
is found. However, other point mutations affect-
ing exon 17, e.g., D816Y, D816H, D816F, etc.,
may be also detected in rare cases (< 5%).
Therefore, activating point mutations in codon

Mastocytosis, Fig. 7 “Mast cell hyperplasia.” Hyper-
cellular bone marrow with marked diffuse increase in
round and loosely scattered mast cells strongly expressing
CD117 (KIT). Since compact mast cell infiltrates are mis-
sed this represents the typical aspect of a reactive state of
mast cell hyperplasia. Mast cells did not aberrantly express
CD25 (not depicted) and also KIT-D816V mutation was
absent. ABC method; anti-CD117

Mastocytosis, Table 3 Immunophenotypical markers
used in patients with suspected systemic mastocytosis

Antigen Function
Main cell
specificity

CD2 T11/Leu-5, LFA-2 T cells, NK cells

CD9 5H9 antigen,
MRP-1

B cells

CD14 Lipopolysaccharide-
R

Monocytes,
macrophages

CD25 IL2-R-alpha T cells

CD26 DPPIV T cells, osteoclasts

CD30 TNFRSF8, Ki-1
antigen

Activated T and
B cells

CD37 Tetraspanin-26 B cells

CD44 ECMR-III, Hermes T cells, epithelial
cells

CD45 PTPRC, HPCA-1 Leukocytes

CD52 Campath-1 antigen Mature
lymphocytes

CD68 Macrosialin Macrophages

CD99 MIC2 Leukocytes

CD117 KIT Stem cells,
melanocytes

CD123 IL3-R alpha Progenitor cells,
basophils

Tryptase Serine protease Mast cells,
basophils

Chymase Serine protease Mast cell specific

NASDCL ? Neutrophils, mast
cells

NASDCL napthol AS-D chloroacetate esterase
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816 of KIT have been included in the list of minor
diagnostic criteria for mastocytosis. In a few cases
with SM, mutations are found outside exon 17. In
the first reported case of WD-SM, a point muta-
tion was found in the transmembranous domain of
KIT. In CM, KIT D816V can also be detected.
However, the frequency of this mutation is lower
in CM compared to SM patients, whereas other
mutations in KIT are more frequent in CM than
in SM.

Due to the low degree of bone marrow infiltra-
tion in most cases of SM, especially in ISM, the
number of mutated mast cells is low and therefore
KIT mutations are often not detectable in routine
PCR analysis thus leading to false-negative
results. Detection or exclusion of mutated KIT is
not only crucial for diagnosis of SM in such
patients where the major criterion of compact
mast cell infiltrates is missed but also has an
impact on therapy, in particular when tyrosine
kinase inhibitors are planned to be used. There-
fore, highly sensitive methods like allele-specific
PCR or PCR clamping with melting point analysis
have been developed to detect KIT mutations. In
addition, mutated mast cells can be enriched by
cell sorting or microdissection to achieve a near-
homogeneous pool of mast cells for further
analysis.

The diagnostic panel of molecular markers
dramatically increases in advSM, and is especially
of importance in SM-AHN. Depending on the
subtype, a large variety of point mutations have
been reported to occur in SM-AHN, e.g.,
JAK2-V617F, MPL-W515 L, SRSF2-P95H/R,
etc. Interestingly, some “AHNs” with certain
molecular cytogenetic abnormalities are only
rarely seen or even absent in SM-AHN, namely
BCR-ABL or PDGFR-alpha mutations.

Final Diagnosis of SM

The final diagnosis SM is based on major and
minor SM criteria (Table 2). The major criterion
is the multifocal clustering of mast cells (at least
15 aggregating mast cells) in the bone marrow or
another extracutaneous (internal) organ. Minor
criteria include an abnormal morphology of mast

cells (at least 25% of all cells in bone marrow
smears or histology), abnormal expression of
CD2 and/or CD25, a serum tryptase level of
>20 ng/ml, and an activating mutation in KIT. If
at least one major and one minor or at least three
minor criteria are fulfilled the diagnosis SM can
be established. In the next few years CD30may be
added as a new additional immunophenotypic
(minor) criterion of SM.

It is strongly recommended to report the diag-
nosis of mastocytosis by using the correct termi-
nology included in the WHO classification
system. A complete diagnosis would then read
as follows:

KIT-D816V+ systemic mastocytosis with an
associated SRSF2-P95H+ myeloid neoplasm
(=SM-AHN); the SM presents with a multifocal
bone marrow infiltration (30%) and, considering
the splenomegaly is best subtyped as smoldering
SM, the myeloid neoplasm is a myelodysplastic
syndrome with excess of blasts (=MDS-EB1).
Since both C findings and a significant increase
of mast cells in bone marrow smears are missing,
neither ASM nor MCL should be diagnosed. The
final diagnosis then could read: SSM - MDS
(EB1).

Differential Diagnosis

Differential diagnostic problems are common in
SM including morphology, immunophenotype
and even molecular findings. This is mainly due
to the rarity of SM, in particular advSM. As men-
tioned before, SM-AHN may be associated with
the most difficult approach before a final diagno-
sis is achieved.

Routine histology using H&E stained sections
do not allow identification of mast cells, because
metachromatic granules as their most specific find-
ing can be seen only when basic dyes like Giemsa
and/or toluidine blue are applied. In H&E, mast
cells present either as spindle-shaped (fibroblast-
like) cells or as round clear cells with a small
centrally located nucleus, inconspicuous nucleoli,
and a broad “empty” cytoplasm. In countries where
the Giemsa stain is not routinely used in diagnostic
hematopathology, focal infiltrates of SM formerly
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are often (may be) misinterpreted as “fibrohis-
tiocytic eosinophilic bone marrow lesions” and
related to immunodysregulatory phenomena. The
clear cell aspect of mast cells may easily lead to
suspicion of monocytic/histiocytic tumors, hairy
cell leukemia, or even clear-cell carcinoma.

Since mast cells exhibit a great variety of aber-
rantly expressed antigens, immunophenotyping of
an “unclear” lesion/infiltrate may easily lead to a
wrong diagnosis because most hematological dis-
orders are more frequently encountered by the
hematopathologist. Among hematopoietic cells,
mutated mast cells show the highest numbers
and broadest spectrum of aberrantly expressed
antigens including not only myelomonocytic anti-
gens like CD14, CD33, and naphthol AS-D
chloroacetate esterase, but also stem cell-related
antigens like CD26 (Fig. 8), CD123 and B cell-
related antigens like CD30, CD37, and CD79a.
Aberrantly expressed T-cell associated antigens
like CD2 and especially CD25 are very important
in the diagnostic approach to SM. Furthermore,
aberrantly expressed antigens like CD30 may lead
to an erroneous diagnosis of Hodgkin’s lym-
phoma. It has to be emphasized that not all of
the aberrantly expressed antigens are seen in
each and every case of mastocytosis, a fact that
makes the diagnostic approach to SM even more
complicated.

A summary of the main mimickers of SM is
given in Table 4.
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Monoclonal Gammopathy of
Undetermined Significance

Ebru Serinsoz Linke and Falko Fend
Institute of Pathology and Neuropathology,
University Hospital Tuebingen, Eberhard-Karls-
University, Tuebingen, Germany

Synonyms

Benign monoclonal gammopathy; Idiopathic
paraproteinemia; Monoclonal gammopathy,
unattributed/unassociated

Definition

Monoclonal gammopathy of undetermined signifi-
cance (MGUS) is a premalignant plasma cell dis-
order that consistently precedes plasma cell
myeloma (PCM). According to the 2008 World
Health Organization (WHO) and International
Myeloma Working Group (IMWG) classifications,
MGUS is defined as a serum monoclonal protein
(M) spike of <3 g/dl with <10 % monoclonal
plasma cells in the bone marrow in the absence of
end-organ damage (CRAB: hypercalcemia, renal
insufficiency, anemia, and bone lesions) and dis-
eases known to produce monoclonal immunoglob-
ulins (Swerdlow et al. 2008; IMWG 2003).
Typically, patients with MGUS are asymptomatic,
and MGUS is found incidentally during the work-
up of a variety of symptoms and disorders.
Although most patients do not develop malignant
plasma cell or B-cell neoplasms, in a minority of
cases, there is progression to overt malignancy. The
M-protein isotype in the majority of the cases is
IgG (69 %) followed by IgM and IgA, 17 % and
11 %, respectively (Ely et al. 2014). Three clinical
variants of MGUS have been defined: non-IgM
(IgG and IgA) MGUS, IGM MGUS, and the
recently defined light-chain MGUS. Each clinical
MGUS subtype is characterized by unique interme-
diate stages and progression events. Non-IgM
MGUS has the potential to evolve to smoldering
myeloma and eventually to PCM, whereas the IgM

MGUS can be the precursor of lymphoplasmacytic
lymphoma and rarely to IgM PCM. Light-chain
MGUS has the potential to progress to light-chain
PCM, which represents 20 % of all new PCM
cases.

Currently, there are two different risk assess-
ment models for MGUS. The Mayo Clinic model
is based largely on serum protein abnormalities.
The non-IgG isotype, M-protein concentration of
�1.5 g/dL, and an abnormal serum free light-
chain (FLC; k:l) ratio (normal reference
0.26–1.65) are considered as adverse risk factors.
The Spanish model, on the other hand, relies on
the flow cytometric differentiation of aberrant
plasma cells (aPCs) and DNA ploidy. The aPCs
show decreased expression of CD38, expression
of CD56, and the absence of CD19 and/or CD45.
A �95 % aPC/bone marrow PC ratio and DNA
aneuploidy are considered as adverse risk factors.

It has been also reported that MGUS patients
have an increased risk of developing osteoporosis/
osteopenia and peripheral neuropathy (Bida et al.
2009).

Clinical Features

• Incidence
MGUS is present in 3 % of the general Cauca-
sian population older than 50 years. The inci-
dence increases with increasing age, i.e., 5 % in
patients older than 70 years. There is a two- to
threefold increase in the incidence of MGUS
among first-degree relatives (Brown et al.
2008) suggesting a genetic factor. Race seems
to play a role as well due to the observation of
two to threefold higher prevalence in African
Americans compared with Caucasians and the
lower risk observed in Asians from Japan and
in Mexicans. Immunosuppression and expo-
sure to pesticides also increase the risk of
MGUS.

• Age
MGUS is a disease of elderly usually detected
in patients older than 50 years.

• Sex
MGUS is more common in men than women
(M:F = 1.5:1).
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• Site
The clonal plasma cells of the non-IgMMGUS
are found in the bone marrow (BM), whereas
the lymphoplasmacytic cells producing the
IgM MGUS can be found not only in BM but
other sites including the spleen and lymph
nodes as well.

• Treatment
Asymptomatic MGUS does not require treat-
ment. Due to the associated complications
and the risk of progression to malignant neo-
plasias, MGUS patients should be monitored
indefinitely which forms the basis for the cur-
rent clinical practice for treatment of MGUS
patients, i.e., “watchful waiting”. Watchful
waiting consists of clinical follow-up of
patients without treatment until evidence of
progression is detected. The follow-up
consists of serial monitoring of the para-
protein and assessment for the development
of myeloma-associated organ or tissue
impairment. Patients are followed with clini-
cal review, full blood count, electrolytes,
serum calcium, serum protein electrophore-
sis, immunofixation, urine for Bence Jones
protein, and quantitative immunoglobulins,
and serum FLC testing should be performed
every 3–12 months, depending on the age and
risk of progression in the individual patient.
Patients diagnosed with MGUS should
undergo a bone survey at the time of initial
diagnosis in order to identify lytic lesions and
fractures which may indicate a more serious
disease. Follow-up radiological evaluation,
on the other hand, should be performed in
case of signs and symptoms of bone disease
progression (new pain, fracture, loss of
mobility).

It has to be also noted that, due to the asso-
ciation of MGUS osteoporosis/osteopenia and
associated skeletal complications, anyone with
age-inappropriate bone loss and has no other
underlying diseases should undergo screening
for presence of monoclonal gammopathy. In
addition, unexplained proteinuria and elevated
total protein in the blood as well as peripheral
neuropathy without a defined etiology warrant
evaluation for MGUS.

Prevention and treatment of bone-related
problems of MGUS patients are important
due to the higher degree of bone loss and
fractures than age- and sex-matched controls.
T-scores are the values obtained from a bone
mineral density (BMD) test, which is most
often a dual-energy x-ray absorptiometry, or
DXA test, performed in order to determine
bone health. MGUS patients with T-scores �
�1 should maintain an oral intake of 800–100
IU/d vitamin D and be instructed to maintain
a calcium intake of between 1,200 and
1,500 mg/d. It is also recommended that
MGUS patients who have evidence of verte-
bral fractures or who are osteoporotic (T-
score ��2.5) be initiated on anti-bone
resorptive therapy and that MGUS patients
with osteopenia (T-score between �1 and
�2.4) be strongly considered for this type of
treatment.

Patients who have fractures should be eval-
uated by a bone specialist, and surgical inter-
vention has to be performed if necessary.

In patients with significant symptoms of
peripheral neuropathy and morbidity, the ther-
apeutic option includes corticosteroids, plas-
mapheresis, and rituximab.

• Outcome
The clinical course in most patients with
MGUS is stable with no increase in M protein
or evidence of progression. In a minority of
cases, however, there can be progression to
overt plasma cell myeloma, Waldenström’s
macroglobulinemia, or another lymphoproli-
ferative disorder (in IgM MGUS). There is
a 1 % annual risk of progression to a malignant
plasma cell neoplasm. In patients who show
disease progression, the most common diagno-
sis is plasma cell myeloma (66–79%) followed
by Waldenström’s macroglobulinemia
(8–12 %) and amyloidosis (4–14 %). The risk
of developing CLL or other lymphomas is
6–8 %. The size of the M protein and serum
free light-chain ratio are significant clinical risk
factors. Patients with IgM and IgA MGUS
have a higher risk of disease progression than
those with IgG MGUS. MGUS should be con-
sidered as a preneoplastic condition, and
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patients should be followed for evidence of
progression indefinitely.

• Macroscopy
MGUS is usually an incidental finding which
does not create macroscopical changes in the
involved organ, i.e., bone marrow.

• Microscopy
The BM biopsy inMGUS shows an increase in
the plasma cells which are morphologically
normal. The clonal plasma cells comprise less
than 10 % of the nucleated marrow cells. Some
plasma cells may show mild cytological
changes including cytoplasmic inclusions and
nucleoli. The plasma cells are evenly distrib-
uted in the marrow but may also form small
clusters which are usually observed with
increasing numbers of plasma cells in the
marrow.

Immunophenotype

• Flow cytometry
Multiparameter flow cytometry (MFC)
immunophenotyping displays unique features
for the study of biological samples containing
PCs. It is reported to allow simultaneous anal-
ysis of multiple parameters on a single-cell
basis, storage of information about individual
cells for latter analyses, quantitative evaluation
of antigen expression, and combined detection
of surface and intracellular antigens. This
enablesMFC immunophenotyping to unequiv-
ocally identify, quantify, and further character-
ize the PCs, even when they are present in
a sample at small percentages. Immunophe-
notyping by flow cytometry is more useful for
diagnosing myeloma, detecting minimal resid-
ual disease, and in some cases providing prog-
nostic information. Normal and reactive PCs
express a polyclonal pattern of cytoplasmic
immunoglobulin, CD19, strong CD38, and
CD138 (syndecan). Neoplastic PCs, on the
other hand, show underexpression of CD19,
CD27, CD38, and CD45 and overexpression
of CD28, CD33, and CD56 (NCAM). This
aberrant expression profile is especially impor-
tant for the flow cytometric monitorization of

minimal residual disease. In addition, neoplas-
tic plasma cells may express a variety of other
antigens, such as CD117, CD20, CD52, or
CD10. When a conclusive diagnosis cannot
be reached with a 4-color MFC, additional
stainings such as cytoplasmic light-chain Ig
or other aberrantly expressed markers (e.g.,
CD117, CD20, CD27, and CD81) can be used.

• Immunohistochemistry
Immunohistochemical staining for CD138
(Fig. 1a) or IRF4/MUM1 (Fig. 1b) helps for
the enumeration of the plasma cells in the BM.
This is of great importance for the cases that
have interstitially distributed plasma cells
which might be difficult to interpret on HE-
stained marrow specimens. In addition to
CD138, other plasma cell-associated antigens,
i.e., CD38 and CD79a, are successfully used
on biopsy sections. Immunohistochemistry,
using immunoglobulin light chains lambda
(Fig. 1c) and kappa (Fig. 1d), is also useful in
identifying a monotypic plasma cell popula-
tion. In normal marrow and in cases of reactive
plasma cell increase, the plasma cells show
a polyclonal pattern of reactivity. In cases of
MGUS, the kappa-to-lambda ratio is usually
altered; however, it should be kept in mind that
there are some MGUS cases with a normal
kappa-to-lambda ratio indicating a very low
clonal PC count. Importantly MGUS plasma
cells lack expression of CD56 (Ely and
Knowles 2002). Another important marker is
CyclinD1. The normal plasma cells do not
show expression of cyclinD1, whereas up to
50 % of MGUS cases show cyclinD1 expres-
sion in varying intensities, in a part of the cases
associated with t(11;14) (Ely et al. 2014).

• Molecular Features
At the molecular level, transformation from
a precursor state (MGUS) to full-blown PCM
is not a sudden event. There are several over-
lapping oncogenic events accumulating
through the progression from normal PC
through precursor disease to full-blown PCM.
Molecular cytogenetic studies on isolated PCs
or by double staining (fluorescent in situ
hybridization, FISH + IF/IHC) have shown
that early cytogenetic changes, i.e., cyclin D1
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dysregulation, are already observed at the
MGUS level. Genomic aberrations either in
the form of primary IgH translocations or hyper-
diploidy are detected in most MGUS cases.
Abnormalities of chromosome 14q32 and del
(13), which are common structural abnormali-
ties in myeloma, also occur in MGUS with
lower frequencies. The 14q32 rearrangements
are reported to be observed in 47 % of MGUS
cases, whereas del(13) is observed in only 25%.
Among the special 14q32 rearrangements, the t
(11;14)(q23;q32) is observed in 15–25 % of
MGUS and t(4;14)(p16.3;q32) in 2–9 %. The t
(14;16)(q34;q23) is observed only in 1–5 % of
MGUS cases. Activating K- and N-RAS muta-
tions are also less frequent in MGUS (5 %)
compared with myeloma (�40 %). The afore-
mentioned cytogenetic abnormalities have no

clinical or biological correlations (McKenna
and Kroft 2011).

IgM MGUS is associated with high fre-
quency of MYD88 L265P mutations, which
shows that it represents a precursor lesion of
lymphoplasmacytic lymphoma/Waldenström’s
macroglobulinemia (LPL/WM).

• Differential Diagnosis
Because the transition from MGUS into
a malignant, symptomatic condition is an
evolving process, the differential diagnosis
of MGUS with these conditions is often chal-
lenging. The most commonly encountered
problem, when dealing with plasma cell
lesions, is the discrimination of reactive
plasmacytosis, MGUS, and early myeloma.
For the majority of cases which meet the
WHO/IMWG criteria of MGUS, the

Monoclonal Gammopathy of Undetermined
Significance, Fig. 1 A MGUS case with less than 10 %
plasma cells in the bone marrow which shows positive
staining with CD138 (a), IRF4/MUM1 (b), and

Lambda light-chain (c) immunohistochemically. Kappa
light-chain staining was negative (d), confirming light-
chain restriction
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diagnosis is straightforward. The immunohis-
tochemical evaluation of light-chain excess in
combination with flow cytometric analysis
will enable the discrimination of reactive
plasmacytosis from MGUS. However, differ-
entiating MGUS from early myeloma in cases
which have BM plasma cell percentage or M-
protein levels at the high end of the spectrum
is challenging. The light-chain immunohisto-
chemistry is helpful in most instances. There
is a plasma cell light-chain excess in the
majority of myeloma cases at a ratio of 16:1
which is less for MGUS cases. Furthermore,
applying CD56 immunohistochemistry can
help solve this problem since MGUS PCs
lack expression of CD56.

It should also be kept in mind that, due to
the occurrence of MGUS in older age groups,
concomitant diseases can interfere with the
distinction. Therefore, when evaluating
end-organ damage, all other possible causes
of hypercalcemia, renal disease, anemia,
and bone lesions should be ruled out before
making a PCM diagnosis. In case of a ques-
tionable light-chain excess which hinders
MGUS/myeloma differentiation, the patient
should be under close observation and moni-
tored for evidences of progression
indefinitely.
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Synonyms

MALT

Anatomy

Mucosal immune system has evolved to protect
organisms against foreign pathogens that could pri-
marily enter the body through airways or gastroin-
testinal tract. The anatomy of the mucosal immune
system is best represented in organized mucosa-
associated lymphoid tissues (MALT) that are present
in the oropharynx, terminal ileum, and rectum. In the
oropharynx, the specialized organ is called the tonsil
and is located in the backwall of the pharynx and the
posterior section of the tongue. In the terminal
ileum, the cluster of organized MALT occupies the
mucosa of the small intestine just before ileocolic
junction and is called the Peyer’s patch. A structure
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similar to oropharyngeal tonsil, often referred as
rectal tonsil, is present in the anorectal junction. In
addition to the developmentally established orga-
nized MALT, MALT- like lymphoid structures can
be acquired at mucosal sites secondary to chronic
inflammation. Best examples of secondary MALT
include the lymphoid follicles associated with
H. pylori-associated gastritis in the stomach and
myoepithelial sialoadenitis that develops secondary
to autoimmune disorder Sjogren’s disease.

Function

Mucosal immune system provides protection
against ingested foreign organisms. Functionally, it
could be separated into two components. (1) The
inductive sites and (2) The effector sites. The orga-
nized MALT described above and the lymph nodes
drainingmucosal areas form the inductive sitewhere
the initial immune response is induced. Exogenous
antigens are transported actively through the special-
ized epithelium overlying the lymphoid follicles to
reach antigen presenting cells such as dendritic cells,
macrophages, B-cells, and follicular dendritic cells.
The antigen presenting cells then initiate the antigen
specific activation T and B-cells which develop the
effector CD4 helper T-cells, CD8 cytotoxic T-cell,
and antibody secreting plasma cells. This process
takes place both in the organized MALT but also in
the lymph nodes draining mucosal sites. Once the
effector antigen specific T-cells, memory B-cells,
and plasma cells are generated, these acquire hom-
ing receptor properties that allows them recirculate
to the mucosal site of injury and perform their func-
tions such as killing viruses and bacteria.

Size, Weight

Organized MALT such as the tonsils or the
Peyer’s patches are subtle structures under the
mucosal surface 2–3 cm in largest diameter.

Macroscopy

Macroscopically, the MALT appear as pro-
trusions extending into the lumen. The surface

of the tonsils is variegated to maximize the
surface interacting with the contents of the
lumen.

Microscopy

Microscopically, all organized MALT and
acquired MALT show similar features. The
lymphoid follicles are arranged towards the muco-
sal surface covered by the epithelium. This orga-
nization allows most effective handling of
exogenous antigens. The B-cell follicles resemble
the follicles elsewhere with subtle differences.
Three distinct compartments are often visible.
These include the germinal centre where
antigen-specific B-cell expansion and selection
occurs, the mantle zone which contains naïve
B-cells and surrounds the germinal center, and
an outer zone of marginal zone hosting memory
B-cells. The marginal zone B-cells spread into the
overlying epithelium, often referred as the dome
epithelium, and form lymphoepithelial lesions.
The base of the follicles contains the T-cell zone,
high endothelial venules, and lymphatics. The
high endothelial venules facilitate recruitment of
B-cells and T-cells into the MALT structure
whereas lymphatics carry antigen loaded
dendritic cells and activated B-cells and T-cells
to the regional lymph nodes for further differ-
entiation and development of effector immune
cells. The effector cells then are recruited
back to the mucosal sites to perform their effector
functions.

Immunophenotype

See “Immunohistochemistry.”

Immunohistochemistry

The immunophenotype of the B-cells, T-cells,
and plasma cells forming the MALT is
similar to nodal lymph nodes with some differ-
ences specific to mucosal sites. The germinal
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center B-cells in addition to pan B-cell markers
CD20 and Pax5, express CD10 and BCL6
but not BCL2. The surrounding mantle zone
shows phenotype characteristic of naïve B-cells
expressing CD20, IgD, and IgM whereas
marginal zone cells express IgM but not IgD.
The PD1 positive T-follicular helper cells
are seen in the germinal centers whereas T-cell
zones contain CD4 positive helper cells and
CD8 positive cytotoxic T-cells. High endothelial
venules express a number of adhesion mole-
cules that regulate recruitment of lympho-
cytes to mucosal sites including MADCAM1
which is specific for mucosal venules.
The mucosa outside the organized MALT
include effector cells such as intraepithelial
CD8 positive T-cells, lamina propria CD4
positive T-cells and plasma cells, mostly
expressing IgA, immunoglobulin specific for
mucosal sites.

Important Diseases of MALT

Specific
organ Affected by diseases like

Tonsil Tonsillitis, diffuse large B-cell
lymphoma, MALT lymphoma

Peyer’s
patches

Crohn’s disease

Stomach Gastritis, MALT lymphoma

Salivary
gland

Myoepithelial sialoadenitis
(Sjogren’s disease),
IgG4-related disease, MALT lymphoma

Small
intestine

Celiac disease,
enteropathy-associated T-cell
lymphoma

Lung Bronchitis, pneumonitis, MALT
lymphoma
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Synonyms

Dysmyelopoietic syndromes; Oligoblastic leuke-
mia; Preleukemic syndromes

Definition

Myelodysplastic syndromes (MDS) are a heteroge-
neous group of clonal bone marrow disorders char-
acterized by ineffective hematopoiesis due to
functional abnormalities ofmaturing hematopoietic
stem cell (HSC). Abnormal HSC actively prolifer-
ates, but is unable to undergo the normal differen-
tiation necessary to produce mature
circulating elements of the three hematopoietic lin-
eages (i.e., erythroid, granulocytic, and megakar-
yocytic) and dies in the bone marrow through
programmed cell death or apoptosis. This ineffec-
tive hematopoiesismanifests clinically with periph-
eral blood (PB) cytopenia(s) and morphologically
with single lineage or multilineage dysplasia.

With disease progression, HSC in MDS
acquires multistep alterations, the accumulation
of which may eventually cause transformation to
acute myeloid leukemia (AML).

Clinical Features

• Incidence and Age
The annual incidence of MDS in the general
population is 3–5 cases per 100,000. Incidence
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increases markedly with age, exceeding
20 cases per 100,000 in individuals
>70 years and 30 cases per 100,000 in indi-
viduals >80 years. There is an overall male
predominance, with a male to female ratio of
1.4:1. An exception is MDS with isolated del
(5q) that affects more frequently females.

MDS developing after exposure to prior
cytotoxic chemotherapy and/or radiotherapy,
referred as “therapy-related” MDS (t-MDS),
can affect patients of all ages. The latency period
between exposure to the mutagenic event and
the onset of disease is estimated of 5–6 years for
the alkylating agents and radiation and
2–3 years for the topoisomerase II inhibitors.

MDS can occur also in childhood but are rare,
with an annual incidence of 2–3 cases permillion.

• Clinical Presentation
Patients with MDS experience signs and symp-
toms related to PB cytopenia(s) and presence of
cytopenia(s) is required for a diagnosis of MDS.
Cytopenia is defined as having values below the
standard reference range [hemoglobin<13 g/dL
(males),<12 g/dL (females), absolute neutrophil
count <1.8 � 109/L, platelets <150 � 109/L].
However, the IPSS-derived lower thresholds (see
below) as used in the 2008 WHO Classification
(hemoglobin <10 g/dL, absolute neutrophil
count <1.8 � 109/L, platelet count
<100 � 109/L and) are more specific and more
strongly associated with diagnosis of MDS.

Anemia, especially of the macrocytic type,
is the most common cytopenia observed; neu-
tropenia and thrombocytopenia are less fre-
quent. Thrombocytosis (platelet count
>450 � 109/L) may be observed as in cases
of MDS with isolated del (5q), inv(3)
(q21.3q26.2) or t(3;3)(q21.3;q26.2).

• Treatment
The first issue in the treatment of patients with
MDS is whether the aim is to extend patients
survival or to palliate symptoms with supportive
care. Therapeutic options are decided consider-
ing patients prognosis (according to IPSS-R
and/orWPSS; see below), age, and performance
status. “Low risk”MDSpatients or patients with
“high risk” MDS (see below) but poor general

conditions and/or advanced age usually receive
supportive care alone or low intensity therapies.
Supportive care with red cell transfusions is
used in patients with MDS and symptomatic
anemia to improve quality of life. Giving the
potential risk of iron overload inmultitransfused
patients, transfusions should be used only to
alleviate symptoms and not simply to maintain
high hemoglobin levels. Platelet transfusions are
indicated in case of acute bleeding or as prophy-
laxis prior to surgery or following chemother-
apy. Recombinant erythropoietin (EPO) is used
to normalize hemoglobin level and to achieve
transfusion independence. Granulocyte colony
stimulating factor (G-CSF) is used to improve
neutrophil counts and function and is usually
reserved to patients with severe sepsis or recov-
ering from intensive chemotherapy regimens.

Among the low intensity regimens, of great
relevance are hypomethylating drugs. Promoters
hypermethylation leading to epigenetic silencing
of tumor-suppressor genes plays an important
role in the molecular pathogenesis of MDS.
Reversal of this process can be achieved with
hypomethylating drugs, such as 5-azacitidine
and decitabine. These agents reduce the degree
of genome methylation, leading to improve-
ments of symptoms, transfusion independence,
and increased time to progression to AML.

Patients with MDS with isolated del
(5q) have high response rate to lenalidomide,
a multitarget agent with broad effects on bone
marrow microenvironment, antiangiogenic
activity, and cytokine suppressor.

Finally, the evidence of immune system dys-
function in MDS provides the rationale for the
use of immunosuppressive agents such as rabbit
antithymocyte globulin (ATG) in low risk
patients.

High risk patients can receive intensive che-
motherapy regimens followed by autologous
stem cell transplantation (SCT) to consolidate
remission. Unfortunately, AML induction reg-
imens in MDS patients show low response rate
compared with de novo AML, and autologous
SCT is impaired by the difficulty of obtaining
CD34+ cells in patients with MDS.
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Allogeneic SCT is currently the only strat-
egy of treatment with a potential for long term
cure in MDS. For this reason, it should be
offered whenever possible, especially to
young patients with good performance status
and high risk disease.

• Outcome
To stratify outcome of patients with MDS,
different prognostic scoring systems have
been validated. Currently, the most widely
used are the Revised International Prognostic
Scoring System (IPSS-R) (Greenberg et al.
2012) and the WHO Classification-based
Prognostic Scoring System (WPSS)
(Malcovati et al. 2007). IPSS-R combines
bone marrow blast percentage, cytogenetic
abnormalities, and presence and degree of
cytopenia(s) to identify five risks groups of
prognostic relevance. WPSS combines MDS
diagnostic categories according to WHO Clas-
sification (see below), cytogenetic abnormali-
ties, and transfusion requirements. Its utility is
observed primarily in lower risk cases and at
time points after initial diagnosis.

Each MDS entity according to WHO classifi-
cation is associatedwith a different prognosis and
three risk groups can be identified. “Low risk”
group contains MDS with single-lineage dyspla-
sia (MDS-SLD),MDSwith ring sideroblasts and
single-lineage dysplasia (MDS-RS-SLD), and
MDS with isolated del(5q). “Intermediate risk”
group containsMDSwith multilineage dysplasia
(MDS-MLD) and MDS with multilineage dys-
plasia and ring sideroblasts (MDS-RS-MLD).

“High risk” group contains MDS with excess
blasts 1 and 2 (MDS-EB-1 and MDS-EB-2).
Reported median overall survival range from
66 to 145 months in patients with low risk
MDS, 36 months in patients with intermediate
risk MDS, 16 months for MDS-EB-1, and
3–8 months for MDS-EB2.

Besides clinical and morphological parame-
ters, molecular alterations identified by con-
ventional karyotype have also an important
prognostic meaning in MDS. The current Com-
prehensive Cytogenetic Scoring System
(CCSS) for MDS identifies five subgroups
defined by specific cytogenetic abnormalities;
each category is associated with median overall
survival and risk of developing AML (Table 1)
(Greenberg et al. 2012). The incorporation of
molecular data in risk-assessing index (such as
IPSS-R) has been shown to improve their reli-
ability of predicting prognosis in MDS patients.

Microscopy

Morphological classification of MDS is based on
three parameters: (1) presence of dysplasia (i.e.,
single lineage vs. multilineage dysplasia), (2) per-
centage of ring sideroblasts (i.e., erythroid pre-
cursors with at least 5 or more perinuclear iron
granules), and (3) percentage of blasts in PB and
BM. Blast count in MDS is expressed as in all
myeloid neoplasms, as a percentage of all nucle-
ated cells (including nucleated erythroid precur-
sors) in the BM and as a percentage of leukocytes

Myelodysplastic Syndromes (MDS), Table 1 The Comprehensive Cytogenetic Scoring System (CCSS) for
myelodysplastic syndromes

Prognostic
groups, (% of
patients) Cytogenetic abnormalities

Median
survival
(years)

Median AML
evolutions, 25%
(years)

Very good (4%) �Y, del(11q) 5.4 N.R (not reached)

Good (72%) Normal, del(5q), del(12), del(20q), double
including del(5q)

4.8 9.4

Intermediate (13%) Del(7q), +8 + 19, i(17q), any other single or
independent clone

2.7 2.5

Poor (4%) �7, inv(3)/t(3q)/del(3q), double including�7/del
(7q), complex: 3 abnormalities

1.5 1.7

Very poor (7%) Complex: > 3 abnormalities 0.8 0.7
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(excluding nucleated erythroid cells) in PB. Cells
included in blast count are myeloblasts, mono-
blasts, and megakaryoblasts. Promonocytes are
considered “blast equivalents” and included in
the overall blast count.

Dyserythropoiesis in PB occurs as anisocytosis,
poikilocytosis, and basophilic stippling of red
blood cells (RBC); circulating nucleated RBC can
be seen. A “dimorphic” pattern of normochromic,
normocytic, or macrocytic cells with hypochromic
cells is often observed as reflect of the admixture
between clonal and residual normal hematopoietic
cells. In BM, erythroid hyperplasia is common, but
hypoplasia can also be seen. Megaloblastoid forms
are common. Nuclear alterations include multi-
nuclearity, internuclear bridging, budding, and
bizarre nuclear shapes (Fig. 1a). Cytoplasmic

alterations include formation of ring sideroblasts
(Fig. 1b), vacuolizations, and aberrant acid-Schiff
(PAS) positivity.

Dysgranulopoiesis is manifested mainly
with hypogranularity of cytoplasm and nuclear
hyposegmentation (pseudo-Pelger-Huet anom-
aly); granulocytic hypersegmentation is observed
more rarely. Nuclear “sticks” or excrescences and
hypercondensed, abnormally clumped chromatin
are also common findings (Fig. 1c).

Dysmegakaryopoiesis is more easily detected
on BM sections than on aspirate smears.
Megakaryocytes are often increased in number,
especially in cases with del(5q), but megakaryo-
cytic hypoplasia can occur. Megakaryocyte dys-
plasia is characterized by micromegakaryocytes
(i.e., megakaryocytes <15 microns in diameter),

Myelodysplastic Syndromes (MDS), Fig. 1 Bone mar-
row aspirate smears showing dysplastic changes in MDS.
(a) Dyserythropoiesis with nuclear alterations such as
karyorrhexis and multinuclearity; megaloblastoid changes

are also evident. (b) Ring sideroblasts. (c) Dysgranu-
lopoiesis with nuclear hyposegmentations and cytoplasmic
hypogranularity. (d) Dysplastic megakaryocyte with mul-
tiple separated nuclei
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monolobation or hypolobation of nuclei, and
megakaryocytes with multiple separated nuclei
(Fig. 1d).

In 90–95% of patients with MDS, the marrow
cellularity is normal or increased relative to that
expected for patient’s age. A degree of architec-
tural disorganization is frequently observed. In
normal BM, granulopoietic precursors are
mainly found close to bone trabeculae, while
erythroid islands and megakaryocytes are pref-
erentially confined to central marrow cavities. In
MDS, topographical organization is lost, with
precursors of different cell lines found in all
marrow regions. Other common findings
observed in BM sections include edema,
increased microvessel density, plasmacytosis,
increased mast cells, macrophages with abun-
dant cellular debris and hemosiderin, and lym-
phocytosis with lymphoid follicles. Among the
architectural alterations detected by bone mar-
row biopsy, a prognostic important finding is the
presence of aggregates or clusters of “abnor-
mally localized” immature myeloid precursor
cells (“ALIP”), namely, the presence of myelo-
blasts and promyelocytes in an abnormal central
marrow cavity location. ALIP are mainly found
in aggressive subtypes of MDS, characterized by
severe cytopenias and an increased incidence of
progression to acute leukemia.

Single MDS entities are discussed below, and
diagnostic criteria according to updated 2016
World Health Organization (WHO) classification
of hematopoietic tumors are reported in Table 2
(Hasserjian et al. 2017).

MDS with Single Lineage Dysplasia
(MDS-SLD)

This designation encompasses MDS that present
cytopenia refractory to hematinic (Folate, B12,
Iron) therapy (but may be responsive to growth
factors, e.g., EPO), associated with dysplasia in
�10% of cells in a single cell line. If a cytoge-
netic abnormality is not present, the cytopenia
should be of at least 6 months in duration. This
entity includes refractory anemia (RA) and the
rare cases of isolated refractory neutropenia

(RN) and refractory thrombocytopenia (RT).
Refractory bi-cytopenia may be included in this
category if accompanied by unilineage dyspla-
sia. In PB, blasts represent <1% of circulating
leukocytes; they account for <5% of nucleated
marrow cells. No Auer rods are identified. The
BM is usually hypercellular due to erythroid
hyperplasia, and dyserythropoiesis is present,
but ring sideroblasts constitute <15% of the
erythroid cells.

MDS with Multilineage Dysplasia
(MDS-MLD)

This designation encompasses MDS that present
with one or more cytopenia(s) in the PB and
dysplastic changes in �10% of cells in two or
more myeloid lineages. In PB, blasts represent
<1% of circulating leukocytes; they account for
<5% of nucleated marrow cells. No Auer rods are
identified.

MDS with Ring Sideroblasts with Single
Lineage Dysplasia (MDS-RS-SLD) and
MDS with Ring Sideroblasts with
Multilineage Dysplasia (MDS-RS-MLD)

These designations encompass MDS-SLD or
MDS-MLD as defined above, but characterized
by the presence of ring sideroblasts accounting
for�15% or more of erythroid precursors. MDS-
RS are frequently associated with mutations in
the spliceosome gene SF3B1. Although in the
setting of multilineage dysplasia, there is no
clear prognostic impact if ring sideroblasts are
found, the presence of SF3B1 mutation seems to
confer a better prognosis to a proportion of these
cases.

MDS with Isolated del(5q)

This subtype of MDS is the only MDS entity
defined by the presence of a specific cytogenetic
alteration, an interstitial deletion of the long arm of
chromosome 5q. One additional cytogenetic
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abnormality is allowed with the exclusion of�7 or
del(7q). Blasts comprise <1% of PB leukocytes
and <5% of nucleated marrow cells. No Auer
rods are identified. Patients with MDS del
(5q) present typically with macrocytic anemia, in
association with normal or high platelet count. BM
is variably cellular, oftenwith erythroid hypoplasia.
Megakaryocytes are increased in number, with
nonlobated or hypolobated nuclei (Fig. 2).

MDS with isolated del(5q) may feature
TP53 mutations, a finding associated with
increased risk of leukemic transformation,
inferior response to lenalidomide, and shorter
overall survival. For this reason, each
MDS with isolated del(5q) should be tested for
TP53 mutations either by p53 immunohisto-
chemistry or by sequencing to identify high risk
cases.

Myelodysplastic Syndromes (MDS), Table 2 Diagnostic criteria for MDS entities (Hasserjian et al. 2017)

Name
Dysplastic
lineage(s)

Cytopenia
(s)

Ring
sideroblasts
(% of
erythroid
cells)

BM and PB
blasts

Cytogenetics by
conventional
karyotyping analysis

MDS with single lineage
dysplasia (MDS-SLD)

1 1 or 2 <15%, <5% BM <5%,
PB <1%; no
Auer rods

Any, unless fulfills all
criteria for MDS with
isolated del (5q)

MDS with multilineage
dysplasia (MDS-MLD)

2 or 3 1–3 <15%, <5% BM <5%,
PB <1%; no
Auer rods

Any, unless fulfills all
criteria for MDS with
isolated del (5q)

MDS with ring sideroblasts
and single lineage dysplasia
(MDS-RS-SLD)

1 1 or 2 �15%, �5% BM <5%,
PB <1%; no
Auer rods

Any, unless fulfills all
criteria for MDS with
isolated del (5q)

MDS with ring sideroblasts
with multilineage dysplasia
(MDS-RS-MLD)

2 or 3 1–3 �15%, �5% BM <5%,
PB < 1%; no
Auer rods

Any, unless fulfills all
criteria for MDS with
isolated del (5q)

MDS with isolated del(5q) 1–3 1 or 2 None/ any BM <5%,
PB < 1%; no
Auer rods

del(5q) alone or with
1 additional
abnormalities except �7
or del(7q)

MDS with excess blasts
1 (MDS-EB-1)

1–3 1–3 None/ any BM 5–9%,
PB 2–4%; no
Auer rods

Any

MDS with excess blasts
2 (MDS-EB-2)

1–3 1–3 None / any BM 10–19%,
PB 5–19%;
no Auer rods

Any

MDS, unclassifiable (MDS, U)
• With 1% blood blasts
•With single lineage dysplasia
and pancytopenia

• Based on cytogenetic
abnormalities

• 1–3
• 1
• 0

• 1–3
• 3
• 1–3

• None/ any
• None/any
• < 15%

• BM <5%,
PB = 1%;
no Auer
rods

• BM <5%,
PB < 1%;
no Auer
rods

• BM <5%,
PB < 1%;
no Auer
rods

• Any
• Any
• MDS-defining
abnormalitiesa

Note: Cytopenias defined as: hemoglobin <10 g/dL; platelet count, <100 � 109/L; and absolute neutrophil count,
<1.8� 109/L. Rarely, MDS may present with mild anemia or thrombocytopenia above these levels. PB monocytes must
be <1 � 109/L
aSee Table 3
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MDS with Excess Blasts (MDS-EB-1 and
MDS-EB-2)

MDS with excess blasts (MDS-EB) is a defini-
tion used to describe MDS with 5–19% blasts
in the BM or PB. Two subcategories are recog-
nized. MDS-EB-1 is defined as having 5–9%
blasts in the BM or 2–4% in the PB. If
blasts are 10% or more in BM, or 5% or more
in PB, the designation should be MDS-EB-2
(Fig. 3). In case with <5% blasts in the
bone marrow, the finding of 2–4% blasts in
the peripheral blood is sufficient for the
diagnosis.

Importantly, in the last 2016 WHO Classifi-
cation, myeloblasts are always counted as a per-
centage of total marrow cells (Hasserjian et al.
2017). This change was made in an attempt to
achieve uniformity in expressing blast percent-
age across all myeloid neoplasms. Consequently,
the category of erythroid/myeloid-type acute
erythroid leukemia (erythroleukaemia) defined
by maturing erythroblasts representing �50%
of marrow cells and myeloblasts representing
�20% of nonerythroid nucleated marrow
cells has been eliminated. Such cases are now
classified according to the blasts percentage
calculated on all marrow cells, irrespective of

Myelodysplastic Syndromes (MDS), Fig. 2 Bone mar-
row aspirate smear (a) and biopsy (b) in a case of MDS
with isolated del(5q). An increased number of

megakaryocytes is evident, with hypolobated and mono-
lobated nuclei. These alterations of megakaryocytes are
characteristic of this entity

Myelodysplastic Syndromes (MDS), Fig. 3 Bone mar-
row biopsy in a case of MDS with excess blasts
2 (MDS-EB-2). (a) Aggregates of “abnormally localized”

immature myeloid precursors (“ALIP”) are seen in central
marrow cavities. (b) On immunohistochemistry, ALIP
stain positive for CD34
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marrow erythroid percentage, and those with
5–19% blasts are now classified as MDS-EB.

Myelodysplastic Syndrome,
Unclassifiable (MDS, U)

This entity encompasses cases of MDS that do
not fit into any other category of MDS. Three
possible situations can occur: (1) MDS-SLD or
MDS-MLD with 1% blasts in the blood found on
two occasions, (2) MDS-SLD associated with
pancytopenia, and (3) patients with persistent
cytopenias lacking diagnostic morphologic fea-
tures of MDS or of any specific subgroups of
MDS (i.e.,< 10% dysplastic cells in any lineage)
but with cytogenetic abnormalities considered as
presumptive evidence of MDS. However, recent
data comparing the clinicopathologic features
and mutational profiles of these three scenario
have shown how only the first condition
(MDS-SLD or MDS-MLD with 1% blasts in
the blood on two occasions) is associated with
higher rates of progression to AML and
shorter median overall survival, comparable to
what observed in MDS-EB. This finding
could suggest the appropriateness of lowering
the threshold of “excess blasts” in the PB
from 2% to 1% and highlights the importance
of an accurate blasts count in PB for classifica-
tion and prognostic purposes (Margolskee
et al. 2017).

Hypoplastic Myelodysplastic Syndrome
(h-MDS)

In about 5–10% cases of MDS, the bone marrow
is hypocellular. These cases are defined “hypo-
plastic MDS” (h-MDS), which however does not
constitute a specific MDS subtype in the current
2016 WHO Classification. Hypocellularity is
defined as bone marrow cellularity of <30% in a
patient less than 60 years of age or <20% in
patients older than 70 years of age. Generally,
h-MDS is associated with pronounced cytopenias,
a finding that may suggest a diagnosis of aplastic
anemia (AA). In MDS, it is rare that marrow

cellularity falls below 10% and such extreme
hypocellularity is seen more frequently in
severe (AA).

Myelodysplastic Syndrome with Fibrosis
(MDS-F)

Approximately 5–10% of MDS cases show sig-
nificant increase in marrow reticulin fibers or even
collagen fibrosis (corresponding to grade 2 or 3 of
the WHO grading system). These cases are clas-
sified as “MDS with fibrosis” (MDS-F). Overall,
patients with MDS-F have shorter survival times
than those without fibrosis. Bone marrow shows
trilineage dysplasia with prominent dysmegakar-
yopoiesis. Often, cases of MDS-F have prominent
megakaryopoiesis, characterized by a wide spec-
trum of sizes of megakaryocytes, ranging from
micromegakaryocytes to enlarged forms (Fig. 4).

Significant fibrosis does not qualify a specific
MDS subtype in the current 2016 WHO Classifi-
cation. However, many cases of MDS-F show
an increased number of blasts and in this context
the presence of fibrosis imparts an unfavorable
prognosis.

Childhood Myelodysplastic Syndrome
and Refractory Cytopenia of Childhood
(RCC)

MDS in children have some differences
compared to the ones affecting adults, especially
when considering low risk cases. For example,
they present more often with neutropenia and
thrombocytopenia (rather than anemia) and bone
marrow is more frequently hypocellular (rather
than hypercellular). To address these differences,
the last WHO Classification (Hasserjian et al.
2017) created a provisional entity named “refractory
cytopenia of childhood” (RCC). RCC is defined
by dysplasia in at least 10% of cells in one cell
line, < 2% blasts in PB, and <5% blasts in
BM. PB shows anisopoikilocytosis of red
blood cells and platelets. Neutropenia with
dysgranulopoiesis is the most striking finding in
PB. Dysplastic neutrophils show pseudo-Pelger-
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Huët nuclei, hypogranularity, and/or agranularity of
cytoplasms. The BM is hypocellular in about
80% of cases. Dyserytrophoiesis manifests
with megaloblastoid changes, arrest in maturation
with increased number of proerythroblasts and
islands of immature erythroid precursors consisting
of�20 cells. Megakararyocytes are usually reduced
in number and show dysplasia with small non-
lobated nuclei, separated nuclear lobes, and micro-
megakaryocytes. Micromegakaryocytes may be
hard to appreciate, but their presence is an impor-
tant indicator of RCC. For this reason,
immunostaining for megakaryocytic markers
(i.e., CD61, CD42b) is strongly suggested when-
ever MDS is suspected. Dysgranulopoiesis as
described above is apparent also in BM sections.

For pediatric MDS with 2–19% blasts, the
same categories apply as for adult cases of MDS
with excess blasts (MDS-EB).

Immunophenotype

Immunostaining with antibody to CD34
(an antigen expressed in progenitor and early pre-
cursor marrow cells) can be useful to highlight
blasts in BM sections, especially in cases of
MDS-F and h-MDS in which blasts may be
underestimated in smear preparations. Most of
CD34+ cells found in MDS morphologically
resemble blasts. However, a proportion of CD34+

cells show promyelocyte-like cytological features,
but should be counted as blasts rather than pro-
myelocytes for the purpose of blasts enumeration.
CD34 can also be used as “surrogate marker” for
the presence of ALIP. Both an increase in CD34+
cells and a tendency of CD34+ cells to form aggre-
gates have been shown to predict progression to
AML and poor survival in MDS, irrespective
of MDS subtype. Aberrant expression of
CD34 by megakaryocytes in MDS has also been
reported.

CD117 (c-Kit) has been proposed as an
additional marker to identify myeloid precursors
in marrow biopsies of patients with MDS.
However, it is a less reliable marker than CD34
due to its weak and variable expression in MDS
myeloblasts and its reactivity with abnormal
proerythroblasts.

Antibodies to CD42b and CD61 can highlight
dysplastic megakaryocyte. They are particularly
useful in distinguishing myelodysplastic syn-
drome with fibrosis (MDS-F), characterized by
blasts that are CD34+ but negative for CD42b or
CD61 from acute megakaryoblastic leukemia,
which features megakaryoblasts that stain with
CD42b or CD61, but are only variably positive
for CD34.

Immunostaining for p53 correlates with TP53
mutations and serves as a prognostic marker.

Flow cytometry (FC) in MDS can be used to
determine the number and immunophenotype of

Myelodysplastic Syndromes (MDS), Fig. 4 MDS with fibrosis (MDS-F). (a) Bone marrow biopsy in a case of MDS-
EB shows several dysplastic micromegakaryocytes. (b) An increase in reticulin fibers is evident with reticulin stain
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blasts and to assess the pattern of maturation of
myeloid populations. Although there is often a
reasonable good correlation between CD34+
percentage as measured by FC and blast count
by morphology, the percentage of blasts deter-
mined by FC may be influenced by hemodilution
of specimens at time of collection, processing
artifacts, or marrow fibrosis, resulting in a poorly
representative specimen. Therefore, analysis of
blasts by FC should never be used in lieu of
morphologic inspection of peripheral blood and
bone marrow aspirate smears.

The detection of asynchronous antigen
expression on maturing cells or other patterns
of aberrant phenotypes by FC has been shown
to correlate with morphologic and cytogenetic
abnormalities. However, in cases with borderline
dysplasia by morphology and no cytogenetic
abnormalities, FC results are considered as sug-
gestive of MDS only if there are three or more
aberrant features in erythropoietic, granulocytic,
and monocytic maturation. At present time, more
studies are needed with age-matched controls
with various cytopenic disorders to determine
how specific MDS-associated flow cytometry
changes may be.

Molecular Features

Cytogenetic abnormalities are present in 40–70%
of patients with de novo MDS. Overall, loss of
chromosomal material is the most common cyto-
genetic abnormality detected in MDS, while bal-
anced translocations are uncommon. Recurrent
chromosomal alterations in MDS and their fre-
quency are reported in Table 3. Some of them
such as �Y, +8, del (20q) can also be observed
in nonneoplastic conditions and their findings as
the sole cytogenetic abnormality is not considered
definitive evidence for MDS in the absence of
other morphologic criteria.

There is an association between abnormal kar-
yotype and survival. In general, patients with
abnormal karyotype have worse survival and
higher rates of progression to AML than those
with normal karyotype. Certain alterations, such
as del(5q) or del(20q), if present as sole

abnormalities, confer a survival advantage. The
finding of a complex karyotype (� 3 abnormali-
ties) or loss of chromosome 7 infers a poor prog-
nosis. Importantly, the presence of a normal
karyotype does not exclude a diagnosis of MDS.
Conversely, an abnormal karyotype may indicate
MDS within the appropriate clinical context, even
if morphologic findings are inconclusive.

In addition to cytogenetic abnormalities,
recurrent somatic mutations in more than
50 genes have been identified in 80–90% of
patients with MDS. Among these, the most com-
mon are SF3B1, TET2, SRSF2, ASXL1,
DNMT3A, IDH1, IDH2, RUNX1, NRAS,
U2AF1, ZRSR2, TP53, and EZH2. Recent evi-
dence suggests that the presence of�1 mutations
in selected gene(s) known to be implicated in the
pathogenesis of myeloid diseases has a high

Myelodysplastic Syndromes (MDS), Table 3 Recur-
rent chromosomal abnormalities and their frequencies in
MDS at diagnosis (Hasserjian et al. 2017)

Abnormality
Primary
MDS

Therapy-
related MDS

Unbalanced

Gain of chromosome 8a 10%

Loss of chromosome 7 or
del(7q)

10% 50%

del(5q) 10% 40%

del(20q)a 5–8%

Loss of chromosome Ya 5%

Isochromosome 17q or t
(17p)

3–5% 25–30%

Loss of chromosome 13or
del(13q)

3%

del(11q) 3%

del(12p) or t(12p) 3%

del(9q) 1–2%

idic(X)(q13) 1–2%

t(11;16)(q23;p13.3)

t(3;21)(q26;q22.1) 3%

t(1;3)(p36.3;q21.2) 2%

t(2;11)(p21q23) 1%

inv(3)(q21q26.2)/t(3;3)
(q21.3;q26.2)

1%

t(6;9)(p23;q34) 1%

1%
aCan be observed in non neoplastic conditions. It is not
considered “MDS-defining” in the absence of diagnostic
morphologic features of MDS.
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predictive value in the differential diagnosis of
unexplained cytopenia(s). Detecting 1 or more of
these mutations has a positive predictive value
(PPV) for myeloid neoplasm of 0.81. Mutations
in spliceosome genes such as SF3B1, SRSF2,
U2AF1, and RUNX2 have the highest PPV for
myeloid neoplasms, ranging from 0.88 to 0.97.
These mutations, as well as comutation pattern
involving TET2, ASXL2 or DNMT3A, and
RUNX1, EZH2, TP53, and IDH1/IDH2 are also
highly specific for myeloid neoplasms with dys-
plasia. On the other side, absence of mutations in
the same selected genes has a negative predictive
value for myeloid neoplasms of 0.76. These data
suggest how mutational analysis represents a
valuable tool in the diagnostic workup of
patients with unexplained cytopenia(s)
(Malcovati et al. 2017).

Importantly, however, acquired clonal muta-
tions identical to those seen in MDS can occur in
hematopoietic cells of apparently healthy old indi-
viduals without MDS, so-called “clonal hemato-
poiesis of indeterminate potential” (“CHIP”).
Although some patients with CHIP subsequently
develop MDS, the natural history of this condition
is not yet fully understood. For this reason, the
presence of MDS-associated somatic mutations
alone is not considered diagnostic of MDS in the
current WHO Classification and should always be
integrated with clinical and pathological findings.

Differential Diagnosis

Morphologic changes of myelodysplasia do not
necessarily equate with a diagnosis of MDS. Reac-
tive conditions associated with nonclonal dysplas-
tic changes may resemble MDS. Vitamin B12 and
folic acid deficiency lead to megaloblastic changes
and often severe dyserythropoiesis; such conditions
must always be excluded before making a diagno-
sis of MDS, particularly if dyserythropoiesis is the
only finding. Heavy-metal intoxication, particu-
larly arsenic poisoning, zinc overdose, as well as
copper deficiency, can induce marked, sometimes
bizarre morphologic abnormalities in the erythroid
and granulocytic series. A number of drugs and
medications, ranging from alcohol to

hematopoietic growth factors, can also induce
myelodysplastic features. Congenital
dyserythropoietic anemia (CDA) may be difficult
to distinguish from MDS-SLD. Anemia associated
with high MCVand low reticulocytes may be seen
in patients with hypothyroidism or liver failure. In
most of these cases, the anemia, as in MDS, is
macrocytic, but it is not associated with severe
dysplasia. Other common causes of anemia are
autoimmune diseases (these can also cause myelo-
fibrosis, i.e., autoimmune myelofibrosis) as well as
other hematopoietic neoplasms (as lymphomas)
and nonhematopoietic malignancies (so-called
“paraneoplastic myelodysplasia”). All of these
can, to a certain extent, mimic the presentation of
MDS. Viral disorders, particularly HIV infection,
may be associated with myelodysplastic features in
the blood and marrow. In HIV infection, cytopenia
(s) are common, and the marrow is often hyper-
cellular with evidence of apoptosis and a pink
background of cellular debris. Increased marrow
plasma cells and lymphocytes and a variable degree
of fibrosis are also common. Dyserythropoiesis is
the most frequently reported myelodysplastic
change and has been described in up to 70%
of patients with HIV infection, but
dysmegakaryopoiesis and dysgranulopoiesis
have also been described. There are several poten-
tial causes for the dyspoietic features in patients
with HIV infection, including direct effects of the
HIV virus, concomitant infections, medication, and
autoimmune phenomena. Other viruses may also
cause dysplastic changes, such as parvovirus infec-
tion. Cytomegalovirus infection has been associ-
ated with cytopenias and dysplastic features
in immunocompromised as well as non-
immunocompromised patients. Hypolobulated
neutrophils can be seen after cotrimoxazole therapy
and are often frequent in patients receiving chemo-
therapy. EPO and cytokine treatment may produce
cytologic alterations in cells of the “targeted” cell
line. Awareness of recent cytokine therapy is
always important when evaluating bone marrow
and blood morphology.

Finally, both in children and adults, h-MDS
can mimic aplastic anemia (AA) and vice versa.
However, significant dysplasia is not
observed in AA, neither an increased number of
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blasts. Presence of cytogenetic abnormalities
(except trisomy 8, which may be seen in some
cases of AA) may also rule out a diagnosis of AA.

References and Further Reading

Greenberg, P. L., Tuechler, H., Schanz, J., et al. (2012).
Revised international prognostic scoring system
for myelodysplastic syndromes. Blood, 120(12),
2454–2465.

Hasserjian, R. P., Orazi, A., Brunning, R. D., et al.
(2017). Myelodysplastic syndromes Chapter 6. In
S. H. Swerdlow et al. (Eds.), WHO classification of
tumours of haematopoietic and lymphoid tissues
(Revised 4th ed., pp. 97–120). Lyon: IARC.

Malcovati, L., Germing, U., Kuendgen, A., et al. (2007).
Time-dependent prognostic scoring system for pre-
dicting survival and leukemic evolution in
myelodysplastic syndromes. Journal of Clinical
Oncology, 25(23), 3503–3510.

Malcovati, L., Gallì, A., Travaglino, E., et al. (2017). Clin-
ical significance of somatic mutation in unexplained
blood cytopenia. Blood, 129(25), 3371–3378.

Margolskee, E., Hasserjian, R. P., Hassane, D., et al.
(2017). Myelodysplastic syndrome, unclassifiable
(MDS-U) with 1% blasts is a distinct dubgroup of
MDS-U with a poor prognosis. American Journal of
Clinical Pathology, 148(1), 49–57.

Myelodysplastic/
Myeloproliferative Neoplasms
(MDS/MPN)

Julia T. Geyer1 and Attilio Orazi2
1Department of Pathology and Laboratory
Medicine, Weill Cornell Medical College,
New York, NY, USA
2Division of Haematopathology, Department of
Pathology and Laboratory Medicine, Weill
Cornell Medical College, New York, NY, USA

Synonyms

Atypical chronic myeloid leukemia, Phila-
delphia chromosome-negative (Ph1-); Chronic
myelodysplastic/myeloproliferative disease;
Juvenile chronic myelomonocytic leukemia;
Mixed myeloproliferative/myelodysplastic

syndrome; Overlap syndrome; Refractory anemia
with ring sideroblasts associated with marked
thrombocytosis (RARS-T)

Definition

The myelodysplastic/myeloproliferative neo-
plasms (MDS/MPN) are clonal myeloid neo-
plasms characterized at the time of their initial
presentation by the simultaneous presence of
myelodysplastic and myeloproliferative features,
which prevent them from being classified as either
myelodysplastic syndrome (MDS) or myelopro-
liferative neoplasm (MPN). The most common
entities within the MDS/MPN group include
chronic myelomonocytic leukemia (CMML),
atypical chronic myeloid leukemia, BCR-ABL1
negative (aCML), and juvenile myelomonocytic
leukemia (JMML). A less well-defined group
of MDS/MPN-like diseases include MDS/MPN
unclassifiable (MDS/MPN-U) and a recently
recognized entity of MDS/MPN with
ring sideroblasts and thrombocytosis
(MDS/MPN-RS-T), previously known as refrac-
tory anemia with ring sideroblasts and
thrombocytosis. It was considered a provisional
entity within the group of MDS/MPN-U in the
2008 edition of the WHO classification of hema-
topoietic tumors but has now been promoted to a
full distinct entry in the updated 2016 WHO edi-
tion (Orazi et al. 2017).

Clinical Features

• Incidence
The incidence of MDS/MPN is estimated at
0.1–3/100,000 individuals. However these fig-
ures likely underestimate the true incidence of
these entities, since they have been historically
grouped with myelodysplastic syndromes.
Many of them have a nonspecific clinical pre-
sentation and have only recently been recog-
nized as distinct diseases.

The most common MDS/MPN entity is
CMML. Approximately 1000 cases are diag-
nosed annually in the United States, with a

Myelodysplastic/Myeloproliferative Neoplasms (MDS/MPN) 369

M



crude annual incidence rate of 0.3 per 100,000.
aCML, JMML, MDS/MPN-RS-T, and MDS/
MPN-U are all very rare.

• Age
All MDS/MPN with the exception of JMML
occur in older adults, with a median age at
diagnosis of 65–75 years. In comparison,
JMML is seen exclusively in pediatric patients.
The age range for JMML has been reported
from <1 to 14 years, with 75% of cases diag-
nosed in children younger than 3 years old.

• Sex
CMML and JMML have a moderate male pre-
dominance. In aCML, the male-to-female ratio
is approximately 1:1. In MDS/MPN-RS-T,
there is a slight female predominance.

• Clinical Presentation
CMML is a heterogeneous disorder with a
proportion of the cases that resembles an
MPN (proliferative variant with WBC values
of �13 � 109/L) and another subset that is
more reminiscent of MDS (dysplastic CMML
with WBC of <13 � 109/L and more promi-
nent dysplasia). According to the revised
WHO classification criteria, the diagnosis of
CMML is made when there is a persistent,
unexplained absolute monocytosis in the
peripheral blood of �1 � 109/L with mono-
cytes accounting for �10% of the WBC (see
Table 1). Many patients may be asymptomatic
and have abnormalities found on routine
blood counts. Other patients present with
complications resulting from cytopenias,
skin lesions, or symptomatic splenomegaly.
In patients with the proliferative form of
CMML, the WBC count is increased due to
monocytosis and neutrophilia. At times,
severe leukocytosis (WBC > 30 � 109/L)
may be observed, generally associated with
myeloid left-shift. Anemia and thrombocyto-
penia are common, but thrombocytosis may
also be occasionally observed. Splenomegaly
is present in up to 50% of patients with
CMML and is often accompanied by hepato-
megaly, lymphadenopathy, or nodular cutane-
ous leukemic infiltrates.

aCML is characterized by increased WBC
(typically 35–96 � 109/L) and presence of

immature granulocytes, including blasts, pro-
myelocytes, and myelocytes that account for
10–20% of peripheral blood white cells (see
Table 2). Anemia and thrombocytopenia are
frequently present. Some patients have symp-
tomatic splenomegaly.

The incidence of JMML is markedly
increased in children with genetic syndromes
arising from germline mutations in genes of
the RAS/MAPK pathway, such as neurofibro-
matosis type 1 (NF1 mutation), Noonan syn-
drome (PTPN11mutation), and germlineCBL
mutation. Approximately 10% of cases occur
in patients with neurofibromatosis type
1. Patients present with pallor and fever and
may have skin rash. There is usually
hepatosplenomegaly and often lymphadenop-
athy. The peripheral blood shows marked
leukocytosis with absolute monocytosis
(at least 1 � 109/L), as well as neutrophilia
and presence of myeloid left-shift (see
Table 3). Patients may have anemia and
thrombocytopenia.

MDS/MPN-RS-T has overlap features
between MDS and BCR-ABL1-negative MPN.

Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Table 1 WHO diagnostic criteria for
chronic myelomonocytic leukemia

Persistent monocytosis �1 � 109/L and � 10% of the
leukocytes

Not meeting WHO criteria for BCR-ABL1 CML, PMF,
PV, or ET

No PDGFRA, PDGFRB, FGFR1, or PCM1-JAK2 gene
rearrangements

<20% blasts in blood or bone marrow

Dysplasia in one or more of the lineages. If
myelodysplasia is absent or minimal, the diagnosis of
CMML can still be made if the other requirements are
met

An acquired clonal cytogenetic or molecular
abnormality is present

The monocytosis has been present for at least
3 months, and all causes of reactive monocytosis have
been excluded

CMML-0: blastsa <2% in blood, <5% in bone marrow

CMML- 1: blastsa2–4% in blood, 5–9% in bone marrow

CMML-2: blastsa 5–19% in blood, 10–19% in bone
marrow, and/or when any Auer rods are present
aBlasts = myeloblasts + promonocytes
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Patients invariably present with anemia and per-
sistent increased platelet count of�450� 109/L
(see Table 4).

• Treatment
With the exception of JMML, MDS/MPN is
frequently diagnosed in the elderly, and its
management is mainly represented by support-
ive care with the goal of improving and pre-
serving quality of life. Red blood cell and
platelet transfusions based on individualized
requirements represent the foundation of the
supportive plan. CMML patients with the dys-
plastic variant of the disease and increased
blasts are treated with hypomethylating agents
azacitidine (approved in Europe) or decitabine
(approved in the United States). Patients with
the proliferative variant of CMML who show
progressive increase in WBC or symptomatic
extramedullary involvement usually require
administration of chronic cytoreductive ther-
apy, with hydroxyurea used as the gold stan-
dard. Indications for allogeneic hematopoietic
stem cell transplantation (HCT) remain a mat-
ter of debate in CMML mainly because of the
associated high risk of morbidity and mortality
in the elderly patient population.

Allogeneic HCT is the only curative therapy
of JMML and is pursued immediately in most
children. It is recommended for all children
with JMML associated with NF1 mutation,
somatic PTPN11, and KRAS mutations and
for most children with somatic NRAS muta-
tions. On the other side, close observation

Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Table 2 WHO diagnostic criteria for atyp-
ical chronic myeloid leukemia, BCR-ABL1 negative

Leukocytosis (WBC � 13 � 109 L) due to increased
numbers of neutrophils and their precursors which
comprise �10% of leukocytes

Dysgranulopoiesis, which may include abnormal
chromatin clumping

Minimal absolute basophilia (usually <2% of
leukocytes)

No or minimal absolute monocytosis (always �10% of
leukocytes)

Hypercellular bone marrow with granulocytic
proliferation and dysplasia, with or without dysplasia in
the erythroid and megakaryocytic lineages

Less than 20% blasts in the blood and in the bone marrow

No BCR-ABL1, PDGFRA, PDGFRB, FGFR1, or PCM1-
JAK2 gene rearrangements

Not meetingWHO criteria for BCR-ABL1-positive CML,
PMF, PV, or ET

Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Table 3 WHO diagnostic criteria
for JMML

I. Clinical and hematologic features (all four features
mandatory)

PB monocyte count �1 � 109/L

Blast percentage in PB and BM <20%

Splenomegaly

Absence of Philadelphia chromosome (BCR/ABL1
rearrangement)

II. Genetic studies (1 finding sufficient)

Somatic mutation in PTPN11a or KRASa or NRASa

Clinical diagnosis of NF1 or NF1 mutation

Germline CBL mutation and loss of heterozygosity of
CBLb

III. For patients without genetic features, besides the
clinical and hematologic features listed under I, the
following criteria must be fulfilled:

Monosomy 7 or any other chromosomal abnormality
or at least two of the following criteria:

Hemoglobin F increased for age

Myeloid or erythroid precursors on PB smear

GM-CSF hypersensitivity in colony assay

Hyperphosphorylation of STAT5
aGermline mutations (indicating Noonan syndrome) need
to be excluded
bOccasional cases with heterozygous splice site mutations

Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Table 4 WHO diagnostic criteria for
myelodysplastic/myeloproliferative neoplasm with ring
sideroblasts and thrombocytosis

Anemia associated with erythroid lineage dysplasia with
or without multilineage dysplasia

�15% ring sideroblasts, <1% blasts in PB and, <5%
blasts in the BM

Persistent thrombocytosis with platelet count
�450 � 109/L

Presence of a SF3B1 mutation or, in the absence of
SF3B1mutation, no history of recent cytotoxic or growth
factor therapy

No BCR-ABL1 fusion gene, no rearrangement of
PDGFRA, PDGFRB, FGFR1, or PCM1-JAK2, and no
isolated del(5q), t(3;3)(q21;q26), or inv(3)(q21q26)

No preceding history of MPN, MDS (except MDS-RS),
or other type of MDS/MPN
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without immediate allogeneic HCT is
recommended for most children with JMML
who have germline CBL mutation, Noonan
syndrome, and acquired RAS mutations with
normal hemoglobin F and platelet counts.

Unlike CMML and JMML, there is no stan-
dard of treatment for aCML, MDS/MPN-RS-
T, or MDS/MPN-U. Allogeneic HCT repre-
sents the only currently known curative ther-
apy, and it may be considered in selected
patients with higher risk of disease and
younger age.

• Outcome
The general prognosis of CMML patients is
poor, with an expected median overall survival
of approximately 30 months. Progression to
AML occurs in 15–30% of the cases. The
most important prognostic factor appears to
be the blast count in peripheral blood and
bone marrow (Orazi et al. 2017).

Patients with aCML typically have a very
poor prognosis with a median survival time
of 14–29 months (Wang et al. 2014). Thirty
to 40% of the patients develop acute
myeloid leukemia. The remaining patients
appear to develop progressive organomegaly,
leukocytosis, anemia, and thrombocytosis.

The clinical course of JMML is variable.
One-third of patients have rapidly progressive
disease, whereas two-thirds of patients have a
relatively indolent course. The median sur-
vival time of patients who do not receive
allogeneic HCT can be as short as 10–-
12 months. Ten to 18% of patients develop
acute leukemia. At the same time, a subset of
children with germline CBL mutations have
experienced spontaneous remission of JMML
or have grown to adulthood with persistent
hematologic abnormalities but minimal clini-
cal symptoms.

SF3B1 and JAK2-mutated MDS/MPN-
RS-T cases have a better prognosis than
the rest of the MDS/MPN group and a
better prognosis than patients with MDS
with ring sideroblasts without thrombo-
cytosis. Of note, the outcome is significantly
worse compared to patients with essential
thrombocythemia.

Microscopy

In CMML, peripheral blood monocytes usually
range from 1 to 5 � 109/L. Some cases have
mature-appearing monocytes, while others are
characterized by abnormal monocytes with unusual
nuclear lobation, delicate nuclear chromatin, and
abnormal cytoplasmic granules (Fig. 1a). Blasts
and promonocytes may be seen but represent
<20% of the differential cellularity. The bone mar-
row is hypercellular in over 75% of cases, usually
due to a granulocytic and monocytic proliferation
(Fig. 1b). Most cases have dysgranulopoiesis and a
large subset demonstrates dyserythropoiesis. Dys-
plastic megakaryocytes are present in up to 75% of
the cases. Megakaryocytes are typically small and
hypolobated (micromegakaryocytes) and do not
form clusters. Up to 30% of the cases may have
significant (MF2–3) fibrosis (Fig. 1c). Nodules of
plasmacytoid dendritic cells have been reported in
up to 20% of the cases. The plasmacytoid dendritic
cells are closely related to monocytes and are dif-
ferent from the blastic plasmacytoid dendritic cells
found in blastic plasmacytoid dendritic cell neo-
plasm; therefore they should not be considered as
blast equivalents. The updated WHO classification
divides CMML into three categories: CMML-0,
CMML-1, and CMML-2, based on the percentage
of myeloid blasts (including promonocytes) in
peripheral blood and bone marrow. The finding of
�20% blasts (including promonocytes) in the
blood or the bone marrow indicates acute myeloid
leukemia rather than CMML (see Table 1).

In aCML, the bone marrow is hypercellular, with
an elevated myeloid-to-erythroid ratio (usually
>10:1), due to granulocytic proliferationwith invari-
able myeloid dysplasia (Fig. 2a). In contrast, the
amount of erythropoiesis and megakaryopoiesis
varies from case to case. Megakaryocytes are often
reduced in number, particularly in cases of aCML
associated with thrombocytopenia. A subset of the
cases is characterized by dyserythropoiesis and/or
dysmegakaryopoiesis. Blasts usually represent
<5% of the cellularity. Examination of peripheral
blood demonstrates dysplastic neutrophils, including
pseudo-Pelger-Huet changes, nuclear hypolobation
or condensation, cytoplasmic hypogranularity, or
hyperlobulated bizarre-appearing nuclei often with
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abnormally clumped chromatin (Fig. 2b). By defini-
tion, neutrophil precursors constitute �10% of the
leukocytes (see Table 2). The percentage of the
monocytes should be<10% of all cells.

In JMML, the morphologic evaluation of
peripheral blood smear is crucial in suspecting this
diagnosis. Peripheral blood examination shows
immature monocytes, along with myelocytes,
metamyelocytes, and nucleated red blood
cells. Bone marrow morphology is relatively
nonspecific. Bone marrow is hypercellular for age
and typically shows myeloid predominance,
although occasional cases are erythroid-rich.
Monocytes typically account for 5–10% of the cel-
lularity. Blasts (including promonocytes) represent
<20% of all cells. Significant dysplasia is not a
feature of JMML. Some cases havemarrow fibrosis.

The hallmark ofMDS/MPN-RS-T is the presence
of an abnormal erythropoiesis similar to that seen in
cases of MDS with ring sideroblasts. The bone mar-
row is hypercellular with increased mega-
karyopoiesis characterized by large hyperlobulated
forms with bulbous nuclei, as more typically seen in
MPNs (Fig. 3).Aproportion of patients havemarrow
fibrosis. There are features of macrocytic or
normocytic anemia. The platelets are increased with
frequent anisocytosis. TheWBC is typically normal.

Immunophenotype

Presence of a monocytic proliferation is con-
firmed by cytochemical staining of the bone mar-
row aspirate smears with nonspecific esterase
such as a-naphthyl butyrate esterase.

Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Fig. 1 Representative morphologic features
of CMML. (a) Peripheral blood smear shows atypical
monocytes with unusual nuclear lobation and delicate
nuclear chromatin. (b) The bone marrow trephine biopsy
shows a hypercellular bone marrow with increased

granulopoiesis and significant monocytosis. There is evi-
dence of megakaryocytic dysplasia. (c) Reticulin silver
staining highlights a significant increase in reticulin fibers.
(d) CD14 immunostain may be very useful to highlight the
mature monocytic cells
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Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Fig. 2 Representative morphologic features
of aCML. (a) The bone marrow trephine biopsy shows a
hypercellular bone marrow due to increased neutrophils

and their precursors. (b) Peripheral blood smear shows
increased dysplastic neutrophils and other immature mye-
loid cells

Myelodysplastic/Myeloproliferative Neoplasms
(MDS/MPN), Fig. 3 Representative morphologic features
of MDS/MPN-RS-T. (a) The bone marrow trephine biopsy
shows a hypercellular bone marrow due to increased eryth-
ropoiesis and numerous large hyperlobulated

megakaryocytes with focal tight clustering. (b) The bone
marrow aspirate smear shows megaloblastoid erythropoi-
esis and an atypically largemegakaryocyte. (c) Iron stain of
the bone marrow aspirate highlights numerous ring
sideroblasts
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With flow cytometry, normal monocytes
express CD13, CD33, and CD14. In CMML and
JMML, the peripheral blood and bone marrow
monocytes usually have an aberrant phenotype
with two or more abnormalities such as aberrant
expression of CD56, CD2, and CD23 or
decreased expression of HLA-DR, CD13, CD15,
CD64, or CD36. Granulocytes inMDS/MPNmay
also show abnormal scatter properties and aber-
rant phenotypic features.

In cases of CMML and JMML, immunohisto-
chemistry can be performed on the bone marrow
core to identify and quantify the monocytic cells.
CD14 is the most sensitive and specific marker,
followed by CD68 (PGM-1) and CD163 (Fig. 1d).
The most useful marker for plasmacytoid den-
dritic cells is CD123. Plasmacytoid dendritic
cells may also express CD14, CD43, CD68,
CD45RA, CD33 (weak staining), CD4, and
Granzyme B. An increased number of CD34-
positive blasts is associated with disease progres-
sion in all MDS/MPN.

Molecular Features

Clonal cytogenetic abnormalities are found in
20–40% of patients with CMML, but none is
specific. The most frequent recurring abnormalities
include +8,�7/del (7q) and structural abnormalities
of 12p. As many as 40% of patients exhibit point
mutations of RAS genes at diagnosis or during the
course of disease. An acquired RAS mutation has
been documented in cases of CMML evolving from
the myelodysplastic to the myeloproliferative vari-
ant. The presence of mutations in both TET2 and
SRSF2 has been found to be strongly associated
with the diagnosis of CMML (Kohlmann et al.
2010; Kosmider et al. 2009; Bacher et al. 2011). In
fact, either TET2, SRSF2, or ASXL1 gene mutation
is present in the vast majority of patients with
CMML (Bacher et al. 2011). The presence of
TET2, RAS, and ASXL1 mutations seems to impart
a more aggressive course independently of the cyto-
genetic abnormalities (Bacher et al. 2011; Itzykson
et al. 2013; Ricci et al. 2010).

Recent studies of aCML have shown that
15–32% of patients have evidence of SETBP1

mutation and up to 10% have ETNK1 mutation.
RAS gene mutations have been detected in 35% of
the cases. CSF3R mutation seems to be absent or
only very rarely present in carefully defined cases
of aCML.

Recent advances in molecular profiling of
JMML patients have allowed the simplification
and streamlining of the diagnosis of JMML (see
Table 3). Monosomy 7 is present in ~25% of
patients, and ~10% of patients have evidence of
other cytogenetic abnormalities. Approximately
90% of patients carry either somatic or germline
mutations of RAS pathway genes, including
PTPN11, KRAS, NRAS, CBL, or NF1 genes;
these genetic aberrations are largely mutually
exclusive and activate the RAS/RAF/MAPK
pathway.

Cases of MDS/MPN-RS-T are usually positive
for SF3B1 mutation (80–90%) with frequent
JAK2 mutations (50–60%), the latter possibly
acquired as a secondary genetic event. The other
MPN-related mutations such as MPL W515 and
CALR mutations have been described in rare
patients with MDS/MPN-RS-T. Other commonly
encountered mutations include ASXL1,DNMT3A,
SETBP1, and TET2. Cytogenetic abnormalities
have been reported in approximately 10% of the
patients.

The most frequent molecular abnormalities
in MDS/MPN entities are summarized in
Table 5.

Differential Diagnosis

When a patient presents with overlapping fea-
tures of MDS and MPN, the differential diagno-
sis is usually very broad. The integration of
detailed clinical, histologic, and molecular
genetic information is critical to narrow down
to the correct diagnosis. Molecular evaluation of
difficult to classify myeloid neoplasms has
become an indispensable diagnostic tool. Muta-
tions found in MPN and MDS cases frequently
overlap, but the overall frequency in conjunction
with the relevant clinical and morphologic data
is sufficiently distinct to classify the vast major-
ity of the cases (see Table 5).
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For instance, MPN-like megakaryocytes are
commonly seen in association with marrow fibrosis
and increased CD34+ myeloblasts in cases of MDS
with fibrosis. However, these patients present with
severe cytopenias with no past history of “prolifera-
tive” hematological features (leukocytosis or
thrombocytosis) and thus do not fulfil the diagnostic
criteria forMDS/MPN-U. Themorphologic features
seen in chronic eosinophilic leukemia, chronic
neutrophilic leukemia, primary myelofibrosis,
essential thrombocythemia, and MPN-U
may share some features with MDS/MPN, but sig-
nificant dysplasia or significant cytopenia(s) are
absent. An iron stain is required in all cases to
exclude MDS/MPN-RS-T. MDS with isolated del
(5q) with concurrent JAK2 V617F mutations often
show overlapping features of MDS and MPN, but
the disease phenotype, efficacy of lenalidomide, and
patient prognosis are not different from other 5q
deletion syndromes, and thus reclassification is not
warranted.

The most clinically relevant differential diag-
noses for CMML include MDS, AML, and reac-
tive monocytosis. The cases of reactive
monocytosis typically do not have cytogenetic
or molecular abnormalities. Of note, a subset of
older patients may display clonal hematopoiesis
with myeloid-type mutations in the absence of
defining features of CMML or other myeloid
neoplasm (so-called clonal hematopoiesis of
indeterminate potential or CHIP). Thus, the pres-
ence of a myeloid-type mutation alone may be an
incidental finding and does not necessarily
exclude a reactive process. Morphologically,
promonocytes and monoblasts are not

conspicuous in normal or reactive bone marrow
samples but may be increased in cases of CMML
or AML. By flow cytometry, abnormal antigen
expression may be present in reactive mono-
cytes, including expression of CD2 and CD56
or underexpression of HLA-DR or CD13. How-
ever, aberrant expression is usually limited to
one marker. The presence of two or more abnor-
mally expressed antigens is significantly more
frequent in myeloid neoplasms compared to
reactive monocytosis.

The distinction between CMML and AML with
monocytic differentiation can be challenging.
Monoblasts are large cells with abundant, moder-
ately to intensely basophilic cytoplasm, which may
demonstrate pseudopod formation, scattered fine
azurophilic granules, and vacuoles. Nuclei are
round with delicate lacy chromatin and one or
more prominent nucleoli. Promonocytes are large
cells with intermediate features between monoblasts
and immature monocytes. They have less basophilic
and sometimes more obviously granulated cyto-
plasm with occasional large azurophilic granules
and vacuoles. The nucleus is irregular with a deli-
cately convoluted configuration. A nucleolus may
be present. The distinction between promonocytes
and other abnormal marrow elements such as dys-
plastic myeloid precursors or immature monocytes
may be controversial. There appears to be a signif-
icant association between AML with monocytic
differentiation and NPM1, DNMT3A, TET2, and
KRAS mutations. NPM1 mutation has also been
described in a small percentage (3–5%) of cases of
CMML. In these cases careful review of the blast
count is indicated to exclude the alternative

Myelodysplastic/Myeloproliferative Neoplasms (MDS/MPN), Table 5 Molecular characteristics of the main
MDS/MPN subtypes

Subtype JAK2 SETBP1 SF3B1 SRSF2 TET2 ASXL1

CMML 1–7% 4–15% 6% 40–50% 50–60% 35–44%

aCML 4–8% 25% n/a n/a 30% 20–30%

MDS/MPN-RS-T 50–60% 10% 80–90% 1% 25% 10–20%

JMML <1% 8%a, b <1% <1% <1% 4%a

CMML chronic myelomonocytic leukemia, aCML atypical chronic myeloid leukemia,MDS/MPN-RS-Tmyelodysplastic/
myeloproliferative neoplasm with ring sideroblasts and thrombocytosis
aSETBP1 and ASXL1 mutations in patients with JMML were often secondary and subclonal. These are likely involved in
disease progression and are not driver mutations for the initiation of leukemia
bSubclonal SETBP1 mutations were identified in up to 30% of JMML patients using sensitive droplet digital polymerase
chain reaction
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diagnosis of AML associated with NPM1mutation.
Close follow-up of these patients is recommended,
since presence of NPM1 mutation or 11q23
rearrangement may herald rapid progression to
acute leukemia.

Finally, cases of PMF may show monocytosis
at the time of diagnosis or may develop mono-
cytosis during the course of the disease. These
cases should not be called CMML but rather con-
sidered within the spectrum of PMF particularly if
the bone marrow morphology is diagnostic of the
latter. Monocytosis in PMF has been associated
with disease progression.

For aCML, the main differential diagnosis is
with chronic myeloid leukemia (CML), BCR-
ABL1-positive, and other MPNs. Myeloid dys-
plasia is not a feature of CML, while basophilia
and eosinophilia are consistently present in CML
but only occasionally seen in aCML. BCR-ABL1
gene rearrangement should be interrogated in all
cases of suspected aCML. Its presence is diag-
nostic of CML. Other MPNs, in particular
advanced stage polycythemia vera and post-
essential thrombocythemia myelofibrosis, can
develop marked neutrophilia that resembles
aCML. Bone marrow biopsy shows characteris-
tic features of MPN with increased enlarged
and atypical megakaryocytes. Dysgranu-
lopoiesis is only rarely present in cases of
advanced neutrophilic MPNs and is usually due
to hydroxyurea treatment. Molecular profile
of MPNs is usually very different from aCML
with presence of JAK2/MPL/CALR mutations
and absent SETBP1/ETNK1 mutations.

Chronic neutrophilic leukemia (CNL) is a very
rare subtype of MPN, characterized by sustained
neutrophilia, bone marrow hypercellularity due to
granulocytic proliferation, and hepatosple-
nomegaly in the absence of identifiable cause of
physiologic neutrophilia. The updatedWHO clas-
sification guidelines require presence of
>25 � 109/L WBC with >80% segmented neu-
trophils/bands and <10% immature granulocytes
in peripheral blood. As opposed to aCML, cases
of CNL are not characterized by dysplasia.
Somatic activating CSF3R gene mutation is pre-
sent in 90–100% of the cases of CNL and is
currently considered a disease-defining mutation.

Cases of MDS may have prominent dysgranu-
lopoiesis but are characterized by cytopenias. Pres-
ence of leukocytosis with circulating immature
myeloid precursors is distinctly unusual. Bonemar-
row examination of MDS cases demonstrates
increased erythropoiesis. Presence of a very high
myeloid-to-erythroid ratio should raise the question
of an overlap MDS/MPN entity. Molecular and
cytogenetic profile of MDS and aCML cases may
be similar and does not help in the differential
diagnosis, although the frequency of SETBP1
mutation in MDS is much lower than in aCML.

JMML must be distinguished from reactive
monocytosis. Since the clinical, morphologic, and
immunophenotypic features of JMML are non-
specific and may be seen in infections or inflam-
matory conditions, molecular genetic and
cytogenetic studies are crucial in this differential
diagnosis. CMML also presents with persistent
absolute monocytosis but is usually not in the dif-
ferential diagnosis since it is a condition of older
adults. Cases described as “CMML in childhood”
in the older literature would likely be reclassified as
JMML based on the current diagnostic criteria.

The differential diagnosis for MDS/MPN-RS-T
is broad. It includes cases of MDS which display
thrombocytosis, such as 5q� syndrome,MDSwith
abnormality of chromosome 3q21q26, as well as
classicalMPNswhichmay rarely have coincidental
ring sideroblasts. The importance of performing an
iron stain on a bone marrow aspirate smear
while working up a patient suspected to have a
chronic myeloid neoplasm cannot therefore be
overemphasized.
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Synonyms

In the old literature, the condition was frequently
termed “chloroma,” “extramedullary acute myeloid
leukemia,” “extramedullary myeloid tumor,” or
“granulocytic sarcoma.” All these items refer to the
histogenesis of the tumor except the one “chloroma”
that points to the green color on gross examination
produced by myeloperoxidase (MPO) oxidation.

Definition

According to the Revised fourth edition of
the WHO Classification of Tumors of

Hematopoietic and Lymphoid Tissues
(Swerdlow et al. 2017), myeloid sarcoma
(MS) (ICD-O code 9930/3) is “a tumour mass
consisting of myeloblasts, monoblasts or
haematopoietic precursors occurring at an ana-
tomical site other than the bone marrow.”

Clinical Features

• Incidence
Although it has been the object of more than
2,500 case reports quoted in PubMed, only a
few comprehensive studies are actually avail-
able (Neiman et al. 1981; Traweek et al. 1993;
Roth et al. 1995; Pileri et al. 2007; Alexiev
et al. 2007; Bakst et al. 2011; Yilmaz et al.
2013; Movassaghian et al. 2015; Kawamoto
et al. 2016). This reflects the rarity of the neo-
plasm on the one hand and the difficulties
encountered in its treatment on the other (see
below).

• Age and Sex
Overall, MS shows a predilection for last
decades of life and the male gender. In the
past, the publication of some pediatric series
gave the impression that it might have a higher
prevalence in children, but this was not con-
firmed by cooperative studies carried out by
international groups (Byrd et al. 1995; Pileri
et al. 2007).

• Sites of Involvement
Almost every site of the body can be affected
(Fig. 1a), although the skin, lymph node, gas-
trointestinal tract, bone, soft tissue, and testis
are more frequently involved (Pileri et al.
2007; Swerdlow et al. 2017). In less than
10 % of cases, MS has a multiorgan presenta-
tion (Pileri et al. 2007; Swerdlow et al. 2017).

Clinical manifestations largely depend on
the site involved. They can vary from a rapidly
growing mass to jaundice in case of bile duct
infiltration (Pileri et al. 2007; Swerdlow et al.
2017). In the skin, the lesions can present as
multiple papules, plaques, or nodules. The
trunk is the most commonly involved area
followed by the head, neck, and extremities
(Pileri et al. 2007; Swerdlow et al. 2017).
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Importantly, MS may occur de novo
(in about one fourth of cases), or precede or
coincide with acute myeloid leukemia (AML),
chronic myelogenous leukemia (CML), or
other types of myeloproliferative neoplasm
(MPN), or myelodysplastic syndrome (MDS)
(Pileri et al. 2007; Swerdlow et al. 2017). It
may be the first evidence of AML or CML
blastic crisis as well as the initial manifestation
of relapse in a previously treated AML in
remission (Pileri et al. 2007; Swerdlow et al.
2017). Isolated MS occurs in 8–20 % of
patients who have undergone allogeneic stem
cell transplantation (Clark et al. 2010): the
reasons for this are unclear but might be related
to graft-versus-leukemia surveillance or the
biology of high-risk AML treated with
transplantation.

In some cases, MS is associated with a
simultaneous or previously treated non-
Hodgkin lymphoma (e.g., follicular lym-
phoma, mycosis fungoides, and peripheral
T-cell lymphoma, not otherwise specified) or
with a previous history of non-hematopoietic
tumor (e.g., germ cell tumor, prostatic carci-
noma, endometrial carcinoma, breast cancer,
and intestinal adenocarcinoma) (Pileri et al.
2007; Swerdlow et al. 2017). In the latter set-
ting, MS might be secondary to a prior
chemotherapy.

• Treatment
Bakst et al. (2011) and Yilmaz et al. (2013)
have recently revised this issue. As to what
isolated MS is concerned, in the lack of a
standard treatment, these authors suggest an
AML-like approach. In fact, this condition
almost invariably progresses to AML within a
few months and might already carry occult
bone marrow involvement at the time of diag-
nosis as suggested by some molecular and
cytogenetic studies. In particular, following a
remission-induction chemotherapy similar to
that used for AML, Bakst et al. (2011) judge
each patient individually by assessing multiple
factors, including age, comorbidities, and cyto-
genetic and molecular abnormalities. Based on
such parameters, consolidation can vary from
radiotherapy (24 Gy in 12 fractions by using

conventional treatment) to allo-BMT. Interest-
ingly, radiotherapy or surgery is sometimes
used up front in patients who need debulking
or rapid symptom relief (Bakst et al. 2011;
Yilmaz et al. 2013). If MS concurs with
AML, the strategy is the same as the one used
for AML: remission-induction chemotherapy
possibly followed by allo-BMT. Notably, the
latter has been shown to be associated with
superior outcomes not only by Pileri et al.
(2007) but also by Chevallier et al. (2008),
who reported a 47 % 5-year-overall survival
in 51 patients with MS treated with allo-BMT.

In case of relapsing MS, different strategies
are applied based on the previous treatment:
chemotherapy vs. BMT. For the former,
re-induction chemotherapy followed by radio-
therapy and possibly allo-BMT seems to rep-
resent the best option, although there is no
definitive evidence of its efficacy. For the latter,
no standard management does exist, and the
approach can vary from donor lymphocyte
infusion to investigational agents including
5-azacitidine, if the subject is eligible. Pallia-
tive radiotherapy is another option. The out-
come, however, is indeed poor.

In the rare cases with M3 phenotype, intra-
thecal prophylaxis (5 doses of methotrexate
without cranial irradiation) is suggested
because of the recent observation that ADIA
(all-trans retinoic acid – idarubicin) is possibly
associated with an increased incidence of CNS
relapses.

Finally, there are occasional reports on the
usage of targeted therapies, such as the one on
the complete response of M5 AML with
FIP1L1-PDGFRA rearrangement to imatinib
monotherapy (Srinivas et al. 2014). New
agents like FLT3 inhibitors, farnesyl-
transferase inhibitors, or histone deacetylase
inhibitors found active in AML might be
applied also to MS (Yilmaz et al. 2013).

• Outcome
According to recently published series, the clin-
ical behavior and response to therapy seem not
influenced by any of the following factors: age,
sex, anatomical site(s) involved, de novo presen-
tation, clinical history related to AML, MDS or
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MPN, histological features, immunophenotype,
and cytogenetic findings. In their large series,
Pileri et al. (2007) observed a mean survival of
less than 1 year irrespective of the treatment
used. Notably, only patients who underwent allo-
geneic or autologous bone marrow transplanta-
tion (auto or allo-BMT) had a higher probability
of prolonged survival or cure (Pileri et al. 2007),
a finding supported by some independent obser-
vations (Bakst et al. 2011; Yilmaz et al. 2013);
Lazzarotto et al. 2017).

Macroscopy

MS presents as a mass of variable size and
consistency, which tends to undergo a rapid
growth. On gross examination, it tends to
acquire a green color because of the oxidation of
the myeloperoxidase component (see also above).

Microscopy

At low power, MS gives rise to growth patterns
that vary depending on the organ involved (Pileri
et al. 2007). At extranodal sites, neoplastic cells
frequently mimic metastatic carcinoma by
forming cohesive nests and/or Indian files
surrounded by fibrotic septa (Fig. 1b–f). In the
lymph node, they either can infiltrate the para-
cortex surrounding reactive follicles or grow dif-
fusely with extension to the perinodal fat. MS
more commonly corresponds to myeloblasts
with or without features of promyelocytic or neu-
trophilic maturation (Fig. 1c). In the more imma-
ture tumors, the neoplastic population turns
monotonous and consists of large cells with a
rim of cytoplasm of variable size and basophilia,
a round-oval nucleus, and one or more prominent
nucleoli (Fig. 1d). Mitotic figures are numerous.
Foci of necrosis can occur. In about one third of
cases, myelomonocytic or monoblastic morphol-
ogy is seen (Fig. 1e) (Pileri et al. 2007). Tumors
with tri-lineage hematopoiesis or predominantly
erythroid precursors or megakaryocytes are rare
and usually are secondary to MPN (Pileri et al.
2007). Notably, the diagnosis of cases with M6 or

M7 characteristics is difficult on pure morphology
(Fig. 1f), immunohistochemistry playing a pivotal
role for their recognition. In particular, mega-
karyoblastic tumors are easily confused with met-
astatic undifferentiated carcinoma unless a
sufficiently large panel of antibodies is used.

Cytochemistry and Immunophenotype

Cytochemistry and/or immunophenotyping is
required for a firm diagnosis (Pileri et al. 2007).
On imprints, cytochemical stains for
myeloperoxidase (MPO), naphthol ASD
chloroacetate esterase (NASDCAE), and non-
specific esterase (NSE) contribute to the differen-
tiation of tumors of granulocytic cell lineage
(MPO+, NASDCAE+ ) from monoblastic forms
(NSE+). Notably, the NASDCAE reaction is
applicable to routine sections, although its results
depend on fixation and decalcification.

Immunohistochemistry in paraffin sections
shows varying marker combinations (Pileri et al.
2007; Alexiev et al. 2007; Swerdlow et al. 2017),
corresponding to the FAB subtypes.

Tumors with a more immature myeloid
profile express CD33, CD34, CD68/KP1 (but
not PG-M1), and CD117, the stains for TdT,
MPO, and CD45 (Pileri et al. 2007) being
inconstant (Fig. 1g, h). Promyelocytic
(M3) cases miss CD34 and TdT but carry MPO
and CD15. M4 MS turns homogenously positive
for CD68/KP1 with MPO and CD68/PG-M1
(or CD163) confined to distinct subpopulations,
which are CD34 negative. The monoblastic
(M5) variant expresses CD68/PG-M1 and
CD163 but lacks MPO and CD34. CD14 and
the Kruppel-like factor 4 (KLF4) represent fur-
ther useful markers. The rare erythroid
(M6) cases reveal strong positivity for
glycophorin A and C, as well as hemoglobin
and CD71. M7 MS carries CD61, LAT, and von
Willebrand factor (Fig. 1i, m).

CD99 staining occurs in more than a half of
cases with no association with a specific subtype.
About 20 % of MSs show variable degrees
of CD56 expression irrespective of their myeloid,
myelomonocytic, or monoblastic profile (Fig. 1j).
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Myeloid Sarcoma, Fig. 1 (a) Myeloid sarcoma of the
kidney: multiple brownish foci of involvement at gross
examination. (b) Myeloid sarcoma of the testis: the neo-
plastic growth shows a characteristic Indian-file pattern
(hematoxylin and eosin, �200). (c) Myeloid sarcoma of
the biliary tract: the tumoral population reveals some fea-
tures of maturation (hematoxylin and eosin, �100). (d)
Myeloid sarcoma of the testis: cytological details at
Giemsa staining, neoplastic cells show large size, rather
dispersed chromatin, multiple nucleoli and a narrow rim of
basophilic cytoplasm (�250). (e) Myeloid sarcoma show-
ing monoblastic morphology: the profile of the nuclei is
frequently infolded (hematoxylin and eosin, �400). (f)
Myeloid sarcoma with megakaryocytic differentiation
(the same case as in Fig. 1j): please note the size of the
cells along with the large rim of acidophilic cytoplasm

(hematoxylin and eosin, �300). (g) Myeloid sarcoma of
the testis strongly expressing CD117 (immunoalkaline
phosphatase technique; Gill’s hematoxylin nuclear coun-
terstain;�100). (h) Myeloid sarcoma of the salivary gland:
neoplastic cells that have a promyelocytic profile are MPO
positive (immunoalkaline phosphatase technique; Gill’s
hematoxylin nuclear counterstain; �400). (i) Myeloid sar-
coma with partial expression of CD56 (immunoalkaline
phosphatase technique; Gill’s hematoxylin nuclear coun-
terstain; �200). (j) Myeloid sarcoma (the same case as in
Fig. 1f): neoplastic cells turn positive at CD61 determina-
tion (immunoalkaline phosphatase technique; Gill’s hema-
toxylin nuclear counterstain; �300). (k) Myeloid sarcoma
with MLL splitting as shown by FISH (�1,000). (l) Mye-
loid sarcoma of the skin carrying NPM1 mutations as
revealed by the cytoplasmic staining with an anti-
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The latter finding does not occur in association
with plasmacytoid dendritic cell markers positiv-
ity (see below). Importantly, foci of plasmacytoid
dendritic cell differentiation (CD123+, BDCA2/
CD303+) are occasionally detected, more often in
cases carrying inv(16) (Pileri et al. 2007). About
16 % of tumors stain for NPM1 at the nuclear and
cytoplasmic level: this indicates the occurrence of
mutations of the homologous gene (see below).
Exceptionally, aberrant antigenic expressions
(cytokeratins, B- or T-cell markers, CD30) are
observed, as well as a hybrid phenotype.

Flow cytometry on cell suspensions reveals
positivities for CD13, CD33, CD117, and MPO
in tumors with myeloid differentiation and for
CD14, CD116, and CD11c in the
monoblastic ones.

Molecular and Cytogenetic Features

The spectrum of cytogenetic and molecular
lesions recorded in MS corresponds to the one
seen in AML. In particular, Pileri et al. reported
chromosomal aberrations in 55 % of their MS
cases occurred in adults by FISH and/or conven-
tional cytogenetics (Pileri et al. 2007). The
detected abnormalities included monosomy 7;
trisomy 8; MLL splitting (Fig. 1k); inv(16); tri-
somy 4; monosomy 16, 16q-, 5q-, 20q-; and
trisomy 11. In such series, the prevalence of t
(8:21)(q22;q22) was definitely lower than the
one previously reported in children usually in
association with orbital location (Boning 2002).
Inv(16) or amplification of CBFB has been
related to the breast, uterus, or intestinal involve-
ment and possible foci of plasmacytoid dendritic
cell differentiation (Pileri et al. 2007; Alexiev
et al. 2007). Trisomy 8 or MLL-AF8
rearrangement seems to have a higher incidence
in MS involving the skin or breast (Pileri et al.

2007; Alexiev et al. 2007). About 16 % of cases
carry evidence of NPM1 mutations as shown by
aberrant cytoplasmic NPM expression (Fig. 1l)
(Falini et al. 2007). These cases frequently have
M4 or M5 morphology, CD34 negativity, normal
karyotype, and mutual exclusion with MDS or
MPD (Falini et al. 2007). In one series, FLT3
internal tandem duplications (ITD) have been
observed in less than 15 % of cases (Ansari-
Lari et al. 2004). The incidence of other recur-
ring AML-associated mutations such asWT1, N/
K-Ras, CEBPA, IDH1, IDH2, or DNMT3a has
not been investigated yet.

MS can occur in patients with CML: it gener-
ally carries BCR-ABL1 and represents the blastic
phase of the disease. Patients with myeloid and
lymphoid neoplasms with FGFR1 abnormalities
can occasionally develop MS at the lymph node
level. On the same line, rare MSs carrying
FIP1L1-PDGFRA have been reported that show
variable eosinophilia and are sensitive to tyrosine
kinase inhibitors.

Differential Diagnosis

The recognition ofMS, especially when de novo, is
challenging. Diffuse large B-cell lymphoma
(DLBCL) does represent the most frequent mis-
diagnosis, followed by lymphoblastic lymphoma/
leukemia (ALL), Burkitt lymphoma (BL), neuro-
blastoma, rhabdomyosarcoma, Ewing’s/PNET,
medulloblastoma, and blastic plasmacytoid den-
dritic cell neoplasm (BPDCN) (Pileri et al. 2007;
Campidelli et al. 2009). In this setting, immunohis-
tochemistry plays a pivotal role. However, it
requires the application of a large panel of anti-
bodies, in the light of possible aberrant reactivities,
such as those some for B- or T-cell-associated
markers, cytokeratins, and, most importantly,
CD99 (Pileri et al. 2007; Campidelli et al. 2009).

��

Myeloid Sarcoma, Fig. 1 (continued) nucleophosmin
antibody (immunoalkaline phosphatase technique; Gill’s
hematoxylin nuclear counterstain; �300). (m) Myeloid
sarcoma, megacaryoblastic: 7-year story of essential

thrombocythemia. Neoplastic cells, blastic, expressed
CD34, CD45 weakly and were strongly LAT positive
with a strong membranous pattern, demonstrating mega-
karyoblastic phenotype
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The differentiation from DLBCL mainly lays on
the search for CD20 and CD79a that turns negative
in MS (Pileri et al. 2007; Campidelli et al. 2009).
Notably, weak PAX5/BSAP staining can be
detected in cases carrying t(8;21) (Pileri et al. 2007).

The positivity for CD43 can cause a mis-
diagnosis of peripheral T-cell lymphoma (PTCL)
that can be easily excluded by exploring the T-
cell-associated antigens CD2–CD8 (Pileri et al.
2007; Campidelli et al. 2009). Notably, the appli-
cation of the whole panel is mandatory as CD4
expression is recorded in monoblastic MS and the
aberrant positivity for a single T-cell marker (e.g.,
CD7) can seldom occur (Pileri et al. 2007;
Campidelli et al. 2009). On the same line, one
should remind the exceptional detection of
CD30 positivity that poses the problem of the
differential diagnosis with anaplastic large cell
lymphoma (ALCL) (Pileri et al. 2007; Campidelli
et al. 2009). The occasional finding of CD13 and
CD33 in ALK+ ALCL by flow cytometry can
boost such problem.

The distinction of MS from BPDCN may be
critical, since the two tumors share some antigenic
characteristics, such as CD34, TdT, CD56, and
CD68 (Pileri et al. 2007; Campidelli et al. 2009).
However, the latter can be easily recognized because
of the positivity for CD123 and CD303 that in most
reports (Pileri et al. 2007; Campidelli et al. 2009)
does not occur in the context of MS (see above). In
addition, BPDCN usually turns TCL1 positive,
while MS does not (Campidelli et al. 2009).

Histiocytic sarcoma (HS) needs differentiation
fromM5MS. Onmorphologic grounds, the former
shows a spectrum ranging from large cells with
round-oval nuclei, multiple nucleoli, and a rather
large rim of cytoplasm grayish at Giemsa to a
highly pleomorphic population (Pileri et al. 2007;
Campidelli et al. 2009). Occasional phagocytic fea-
tures can be seen.

Other differential diagnoses include poorly dif-
ferentiated carcinoma and malignant melanoma.
Since MS exceptionally reacts with the MNF116
monoclonal antibody (Pileri et al. 2007), keratins
with different molecular weights should be
searched to prove or exclude the epithelial nature
of a given tumor. On the other hand, the usage of
the HMB45 and MART-1 antibodies allows the

straightforward distinction of malignant melanoma
fromMS that turns negative for both these markers.

As mentioned above, the positivity for CD99
can lead to a misdiagnosis of small round blue cell
tumor. However, the usage of antibodies against
neuroendocrine markers, desmin, actin, and
myogenin, leads to the exclusion of MS, which
never expresses these molecules.

Finally yet importantly, MS requires diffe-
rentiation from extramedullary hema-
topoiesis (EMH) that can be sustained by
different conditions (from primary myelofibrosis
to a reaction following the administration
of growth factors) and may produce pseudo-
tumors in every part of the body. Conventional
histological examination is sufficient to draw
the correct diagnosis: in fact, in EMH, there is
usually a multi-lineage proliferation, and, in case
it is uni-lineage, the observed population consists
of fully maturing elements (Pileri et al. 2007).

Prognosis and Predictive Factors

According to recently published series, the clini-
cal behavior and response to therapy seem not
influenced by any of the following factors: age,
sex, anatomical site(s) involved, de novo presen-
tation, clinical history related to AML, MDS or
MPD, histological features, immunophenotype,
and cytogenetic findings. In their large series,
Pileri et al. (2007) observed a mean survival of
less than 1 year irrespective of the treatment used.
Notably, only patients who underwent allogeneic
or autologous bone marrow transplantation (auto
or allo-BMT) had a higher probability of pro-
longed survival or cure (Pileri et al. 2007), a
finding supported by some independent observa-
tions (Bakst et al. 2011; Yilmaz et al. 2013).
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Synonyms

Monocytoid B-cell lymphoma; Parafollicular
B-cell lymphoma

Definition

Nodal marginal zone lymphoma (NMZL) is a rare
type of B-cell lymphoma. It is defined as a nodal
B-cell neoplasm that resembles lymph nodes
involved by splenic marginal zone lymphoma
(SMZL) or extranodal marginal zone lymphoma
(EMZL) but without evidence of splenic or extra-
nodal disease.

Clinical Features

• Incidence
NMZL is a rare type of B-cell lymphoma,
accounting for less than 2% of lymphoid

neoplasms. However, the incidence of NMZL
appears to be increasing (Olszewski and
Castillo 2012).

• Age
The median age of presentation is around
60 years, but there is a wide variation with an
age range from 13 to 92 years. Especially in
younger patients, the possibility of the pediat-
ric form of marginal zone lymphoma should be
considered.

• Sex
Males and females are affected at approxi-
mately equal frequency.

• Site
By definition, the disease presents in the
lymph nodes with the absence of extranodal
or splenic disease. Most patients have periph-
eral lymphadenopathy, but central lymphade-
nopathy is also quite common and present
in about half of patients. About one half to
three quarters of patients present with stage
III or stage IV disease. The bone marrow is
involved in about one third of patients.
Approximately 10% of patients have a bulky
tumor, and also about 10% of patients experi-
ence B-symptoms.

• Treatment
Due to the rarity of the disease, the optimal
treatment for NMZL has not been well
established. Frequently, treatment protocols
for follicular lymphoma (FL) are applied.
Complete response is achieved in one half to
three quarters of patients.
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• Outcome
The 5-year overall survival ranges from 64 to
89% (Van den Brand and Van Krieken 2013).
The Follicular Lymphoma International Prog-
nostic Index (FLIPI) has been reported to be of
prognostic value in a subset of studies. Factors
that were associated with survival in different
studies include age, the presence of
B-symptoms, anemia, disease stage, perfor-
mance score, gender, race, and the application
of chemotherapy.

Microscopy

At low power, the lymph node architecture is
distorted with often infiltration of the perinodal
fat by neoplastic cells. The growth pattern at low
power can be marginal zone/perifollicular, nodu-
lar/follicular, interfollicular, or diffuse (Salama
et al. 2009). The diffuse pattern is most common
in which the lymph node architecture is
completely disrupted with sometimes a remaining
vague nodularity. In the nodular/follicular pattern,
the neoplastic cells are present in well-defined

nodules. In the marginal zone/perifollicular pat-
tern, the neoplastic cells cluster in the marginal
zone, surrounding preexistent germinal centers
and their mantle zone. In the interfollicular pat-
tern, the neoplastic cells are present in the
interfollicular area without significant involve-
ment of preexistent germinal centers (Fig. 1).

Follicular colonization is an important phe-
nomenon in NMZL. In follicular colonization,
NMZL cells enter preexisting germinal centers,
leading to disruption of these germinal centers.
It can be difficult to distinguish between follicles
with prominent follicular colonization in the
context or MZL and truly neoplastic follicles
in FL (discussed further under “Differential
Diagnosis”).

The neoplastic cells display a range of nuclear
size, ranging from small cells to larger blasts.
The smaller cells can resemble centroblasts or
can be monocytoid cells. Monocytoid cells have
a central nucleus and abundant pale cytoplasm.
Plasmacytoid differentiation is present in a quarter
to half of cases and can be extensive. The number
of blasts is variable. Although some previous
studies used lower thresholds for transformation,

NodalMarginal Zone Lymphoma, Fig. 1 Example of a
lymph node involved by nodal marginal zone lymphoma.
At low power, the architecture is distorted with several
remnant germinal centers present. At high power, the infil-
trate consists of small cells with scattered larger cells.

CD20 shows a diffuse infiltrate of B-cells, consistent
with B-cell lymphoma. Remnant germinal centers are
highlighted with CD10 and Ki67, but are negative
with BCL2
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it is currently accepted that a diagnosis of trans-
formation to diffuse large B-cell lymphoma is
made only if sheets of blasts are present.

Immunophenotype

NMZL is positive for B-cell markers, including
CD20, CD79a, and PAX5. BCL2 is usually pos-
itive. Germinal center markers (CD10, BCL6,
LMO2, HGAL) are usually negative, although
BCL6 can be positive in a subset of neoplastic
cells. Expression of CD10 has been reported only
very rarely, and significant expression of CD10
in a small cell B-cell lymphoma will more likely
fit with a diagnosis of follicular lymphoma.
The newer germinal center markers HGAL and
LMO2 can be of additional value in the differen-
tial diagnosis of NMZL. CD5 can be positive in
a small subset of cases but should also lead to
consideration of a diagnosis of chronic lympho-
cytic leukemia/small lymphocytic lymphoma
(CLL/SLL) or mantle cell lymphoma. CD23
expression varies between studies, but some
studies report expression of CD23 in up to 29%.
Cyclin D1 is negative or only present in rare
cells with low intensity.

A problem in the diagnosis of NMZL is
that until recently no positive immunohistochem-
ical markers were available. In the past years,
expression of MNDA (Fig. 2) and IRTA1 has
been reported in NMZL but only rarely in
FL. Therefore, these markers are of potential
differential diagnostic value.

Molecular Features

NMZL resembles mature B-cells and contains
rearranged immunoglobulin genes. This allows
assessment of B-cell clonality to support a diag-
nosis of lymphoma and to study the clonal rela-
tionship between lymphomas. With respect to
the normal counterpart, most NMZLs resemble
post-germinal B-cells with evidence of somatic
hypermutation detected in the large majority of
cases.

A limited number of studies have investi-
gated the molecular features of NMZL. With
respect to cytogenetic abnormalities, no specific
aberrations have been identified. The most fre-
quent cytogenetic abnormalities which are pre-
sent in 10% of NMZLs or more are gains of 1q,
loss of 1p and 6q, and trisomy of chromosome
3, 12, and 18. However, these abnormalities are
not specific for NMZL and can also be present
in other types of B-cell lymphoma. The chro-
mosomal translocations which are often
observed in EMZL involving API2, MALT1,
and BCL10 are not present in NMZL. A study
into the mutational landscape of NMZL identi-
fied mutations in MLL2, PTPRD, NOTCH2, and
KLF2 as most frequent (Spina et al. 2016).
PTPRD mutations were enriched in NMZL in
comparison to other B-cell lymphomas.
Another study that focused on the NF-kappaB
pathway showed mutations in TNFAIP3 in 30%
of cases (Van den Brand et al. 2017). Mutations
in TNFRSF14 were suggestive of a diagnosis of
FL rather than NMZL.

Nodal Marginal Zone Lymphoma, Fig. 2 Expression ofMNDA in a normal lymph node (left) shows expression in the
mantle zone and interfollicular area. In a case of NMZL (right), MNDA highlights the tumor cells
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Differential Diagnosis

Extranodal and splenic marginal zone lym-
phoma. By definition, a diagnosis of NMZL
requires that extranodal sites and the spleen are
not involved. Therefore, for the differential diag-
nosis between NMZL and other types of MZL,
clinical features are most important. Although
histological assessment is of limited value, a
pure monocytoid morphology is suggestive of
MALT lymphoma.

Follicular lymphoma. Differentiating
between NMZL and FL is often straightforward
but can be difficult. Especially with prominent
follicular colonization, NMZL can resemble
FL. In follicular colonization, careful assessment
of BCL2 and Ki67 expression at high power will
often show residual germinal center cells which
are characterized by high expression of Ki67 and
lack of BCL2. Expression of CD10 not only in
nodular/follicular areas but also interfollicular
supports a diagnosis of FL. It is important
to recognize that upon entry of the germinal
center, NMZL cells can undergo a change of
immunophenotype; in particular BCL6 expres-
sion can be gained. In difficult cases, demonstra-
tion of a translocation involving BCL2 points
toward a diagnosis of FL, but FLs without a
BCL2 translocation also occur. Also, if available,
expression of “marginal zone markers” MNDA
and IRTA1 in follicles can help to support a
diagnosis of MZL with follicular colonization.
Sometimes a clear distinction between FL and
MZL is not possible, and a favored diagnosis
or a diagnosis of small B-cell lymphoma
unclassifiable can be made. Especially with lim-
ited material, such as a small core needle biopsy, a
final diagnosis can be difficult to make, and it can
be considered to resect a lymph node to make a
final diagnosis.

Lymphoplasmacytic lymphoma. Lympho-
plasmacytic lymphoma and nodal marginal zone
lymphoma resemble each other with respect to mor-
phology and immunohistochemical profile. There-
fore, distinguishing between these two entities on

morphological grounds is difficult. Again, clinical
correlation is important. If a patient presents with an
IgM paraprotein in the context of Waldenström’s
macroglobulinemia, this would favor a diagnosis
of LPL. Detection of a MYD88 mutation favors a
diagnosis of LPL, but NMZLs with aMYD88muta-
tion have also been described.

Reactive conditions. Hyperplasia of mono-
cytoid B-cells in reactive conditions such as
Toxoplasma or HIV lymphadenitis can resemble
NMZL. In monocytoid B-cell hyperplasia, the
cells are BCL2 negative, whereas in NMZL they
are often BCL2 positive. Effacement of the lymph
node architecture favors a diagnosis of NMZL. In
difficult cases, B-cell clonality assessment and of
course clinical correlation will help to establish a
final diagnosis.
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Panniculitis T-Cell Lymphoma

Leticia Quintanilla-Martinez
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Tübingen, Eberhard-Karls University of
Tübingen, Tübingen, Germany

Synonyms

Panniculits T-cell lymphoma; SPTCL

Definition

Subcutaneous panniculitis–like T-cell lym-
phoma (SPTCL) is a neoplasm of mature
T cells, which preferentially infiltrates subcuta-
neous tissue and expresses an ab-activated,
cytotoxic T-cell phenotype. Cases expressing
the gd T-cell receptor are excluded and should
be classified as primary cutaneous gd T-cell lym-
phoma (PCGD-TCL).

Clinical Features

• Incidence
SPTCL is a rare lymphoma, representing<1%
of all non-Hodgkin lymphomas. Up to 20% of
patients may have a history or association to an
autoimmune disorder, most commonly sys-
temic lupus erythematosus (SLE).

• Age
This rare lymphoma is most common in young
adults, although it can occur over a wide age
range. Approximately 20% of patients are
under the age of 20 (median, 35 years). In
pediatric patients, SPTCL can occur as early
as 5 months of age.

• Sex
There is a slight female predisposition with
a M:F ratio of 1:2.

• Site
Patients present with typical subcutaneous
nodules or deeply seated plaques, which vary
in diameter from 0.5 cm to more than 20 cm
and sometimes leave large areas of lipoatrophy
after resolution. Large nodules may become
necrotic but rarely ulcerated. Most patients
present with multiple or generalized subcuta-
neous lesions involving mainly the extremities
and trunk and occasionally the face. Rare cases
involving mesenteric fat have been reported.
Extracutaneous involvement including lymph
nodes is extremely rare.

• Treatment
In patients without associated hemophagocytic
syndrome (HPS), systemic steroids or other
immunosuppressive agents should be consid-
ered first, whereas in cases with solitary or
localized skin lesions, radiotherapy with elec-
trons is recommended. A dose of 40 Gy is
advised. The use of bexarotene, a new retinoid
that binds highly selectively to the retinoid
x receptor, has been reported to be also
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effective. Multiagent chemotherapy should be
reserved for cases with progressive disease not
responding to immunosuppressive therapy or in
case of HPS.

• Outcome
Systemic symptoms may be seen in up to 50%
of patients. Laboratory abnormalities like ane-
mia, leucopenia, thrombocytopenia, and ele-
vated liver function tests are detected in
approximately 30% of patients. An HPS
develops in the minority of cases (15–20%).
SPTCL without HPS has an excellent prog-
nosis. The 5-year overall survival is 90% with-
out HPS; however, if HPS is present, the
prognosis is poor, with overall survival of
only 46%.

Macroscopy

In the extremities, patients usually have
nodular skin lesions alternating with areas of
lipoatrophy occurring after disappearance of the
skin lesions.

Microscopy

The infiltrate is seen in the fat lobules resembling
a lobular panniculitis, usually with sparing of the
septa. The overlying dermis and epidermis are
typically uninvolved. Occasionally, the fat sur-
rounding the adnexa is also involved.
Angioinvasion or angiodestruction is uncom-
mon. The neoplastic cells range in size but usu-
ally predominate an infiltrate of small- to
medium-sized cells with nuclear irregularities
and hyperchromatic nuclei. A rim of clear or
pale cytoplasm is often seen. A characteristic
feature is the rimming of individual adipocytes
by neoplastic T cells, although present some-
times only focally. Fat necrosis and karyorrhexis
are always seen but in different degrees.
Admixed reactive histiocytes with vacuolated
cytoplasm due to ingested fat material are always
present. Well-defined granulomas are observed
in some cases, but multinucleated cells are typi-
cally absent. Other inflammatory cells, like neu-
trophils, eosinophils, or plasma cells are rarely

seen. If the number of plasma cells is increased,
the diagnosis of lupus panniculitis should be
considered (Figs. 1, 2, 3 and 4).

Panniculitis T-Cell Lymphoma, Fig. 1 Low power
H&E stain demonstrates that the infiltrate is confined to
the subcutaneous tissue without involvement of the over-
lying dermis or epidermis

Panniculitis T-Cell Lymphoma, Fig. 2 This medium
power H&E stain, demonstrates that occasionally the fat
surrounding the adnexa is also involved
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Immunophenotype

The tumor cells have a mature ab T-cell pheno-
type, usually CD8+ with strong expression of
cytotoxic molecules including granzyme B,
TIA1, and perforin. By definition, the cells
express BetaF1 and are negative for TCRg and
CD56. The latter two antibodies help in the dif-
ferential diagnosis with primary cutaneous gd
T-cell lymphoma. Tumor cells show frequent
loss of CD2, CD5, and CD7 expression. CD30

and in situ hybridization for EBV (EBER) are
typically negative (Figs. 5 and 6).

Molecular Features

The neoplastic cells show clonal rearrangement of
the T-cell receptor (TCR) genes. No specific cyto-
genetic features have been reported.

Differential Diagnosis

The most important differential diagnoses are
lupus erythematosus profundus (LEP) and

Panniculitis T-Cell Lymphoma, Fig. 3 Higher power
H&E stain shows that the tumor cells surround fat cells
often with admixed histiocytes. The neoplastic cells have
round to oval hyperchromatic nuclei with inconspicuous
nucleoli

Panniculitis T-Cell Lymphoma, Fig. 4 Higher power
H&E stain demonstrates atypical large tumor cells with
conspicuous nucleoli and rimming of the neoplastic cells
surrounding individual fat cells. Note the necrosis and
karyorrhexis

Panniculitis T-Cell Lymphoma, Fig. 5 Immunohisto-
chemical stain highlights the rimming of individual fat
spaces by tumor cells with CD8 staining

Panniculitis T-Cell Lymphoma, Fig. 6 The neoplastic
cells express the cytotoxic molecule T-cell intracellular
antigen 1 (TIA1)
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PCGD-TCL. The differential diagnosis between
LEP and SPTCL can be difficult since character-
istic morphological features of both disorders are
overlapping, and some believe these two disor-
ders represent different spectra of the same dis-
ease. Morphological features that favor the
diagnosis of LEP are interphase dermatitis with
basal vacuolization, dermal mucin depositions,
both septal and lobular panniculitis, the presence
of reactive germinal centers, clusters of B cells or
considerable numbers of admixed plasma cells,
and polyclonal TCRg gene rearrangement. The
presence of clusters of CD123 plasmacytoid
dendritic cells has been described recently as
one of the most important features to distinguish
LEP from SPTCL. The differential diagnosis
with PCGD-TCL is based on clinical and mor-
phological findings. PCGD-TCL is an aggres-
sive disease that presents with deep dermal and
subcutaneous tumors, often with ulceration and
frequently associated with an HPS. Morpholog-
ically, it may involve primarily the epidermis,
dermis, or subcutaneous tissues and often all
three layers. By definition, PCGD-TCL is
a neoplasia of gd cytotoxic T cells, with common
expression of CD56 and negative for both CD4
and CD8.
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Definition

Peliosis of the spleen is a non-neoplastic, multi-
focal, commonly splenomegalic, and highly
rupture-prone process of unknown etiology and
enigmatic pathogenesis that arises in the splenic
red pulp and leads to multiple, blood-filled, cyst-
like cavities that are lined by sinus wall cells or
dissolved red pulp cords but not endothelial
or epithelial cells.

Peliosis of the spleen is mostly associated
with the commoner peliosis of the liver and, rarely,
peliosis of other organs (Renard et al. 2012;
Diebold and Audouin 1983). Bacillary
angiomatosis of the spleen has been called
“peliosis” by some authors. However, it is a capil-
lary proliferation due to the suppurative infection of
the spleen caused by Bartonella species. It does not
fulfill the above criteria and is not covered here.

Clinical Features

• Incidence and Clinical Symptoms
The true incidence of peliosis of the spleen is
unknown. In a single series of 1200 randomly
selected autopsies, the frequency of mainly
microscopic peliosis of the spleen was less
than 1% (Tada et al. 1983). Peliosis of
the spleen showing clinically meaningful
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complications is much less common, and fewer
than 100 cases have been published to date
(Renard et al. 2012).

When occurring in isolation, most cases
of splenic peliosis are asymptomatic and
detected incidentally (Tada et al. 1983). When
accompanied by splenomegaly, splenic rup-
ture, either spontaneously or after inadequate
trauma, is the most serious, life-threatening
complication, requiring emergency surgery
(Renard et al. 2012). Among 613 cases of
splenic rupture without risk factors or previ-
ously diagnosed disease, peliosis accounted for
8 cases (1.3%) (Aubrey-Bassler and Sowers
2012). Thrombocytopenia due to splenic
sequestration of platelets is another clinical
sign. The diagnosis of peliosis should trigger
the search for the following, commonly asso-
ciated processes: hematologic and solid
tumors, infections (e.g., tuberculosis), chronic
inflammatory (e.g., autoimmune) diseases, use
of androgenic or other hormones, immunosup-
pressive or chemotherapeutic agents, or abuse
of alcohol and illicit drugs. In 30–40%
of cases, no associated disease can be found
(Tada et al. 1983). The diagnostic workup
should exclude peliosis of the liver (in more
than 50% of symptomatic splenic peliosis).
Less commonly, other organs (lymph nodes,
bone marrow, lung/pleura, kidney,
adrenals, GI tract) may be involved (Renard
et al. 2012; Tada et al. 1983; Diebold and
Audouin 1983).

• Age
A third of cases occur before age of 50, while
two thirds occur thereafter (up to over 80 years
of age) (Tada et al. 1983). It is exceptional
among children and adolescents (Benjamin
and Shunk 1978).

• Sex
There is a male predominance, with men
accounting for 80% of cases in historic series
(Diebold and Audouin 1983; Tada et al. 1983)
and 60% in more recent case reports.

• Site
The cyst-like changes occur throughout the
spleen with a preference for the perifollicular
region of the red pulp

• Treatment
There are no guidelines for the management of
asymptomatic peliosis of the spleen. However,
since peliosis cannot be distinguished with cer-
tainty from other benign and malignant splenic
masses on purely clinical grounds (see “Differ-
ential Diagnosis”), splenectomy is usually
indicated once a splenic mass of unknown
etiology is detected. Emergency splenectomy
is indicated in case of splenic rupture.

• Outcome
Peliosis of the spleen is a benign lesion that
usually remains undetected. Fatal outcome
related to the splenic peliosis proper is restricted
to patients with splenic rupture, eventually asso-
ciated with thrombocytopenia (Renard et al.
2012; Benjamin and Shunk 1978). Despite
emergency splenectomy, about 30% of patients
died of peliosis in conjunction with spontaneous
splenic rupture, while long-term postoperative
outcome is determined by the neoplastic, infec-
tious, or other diseases that are commonly asso-
ciated with splenic peliosis (Tada et al. 1983).

Macroscopy

The spleen may be of normal size or show
splenomegaly (weights 60–1500 g). The surface
is either smooth or nodular due to subcapsular
cavities that can eventually be seen through the
splenic capsules as bluish foci. In case of splenic
rupture, rents may be seen overlying subcapsular
cavities. The cut surface is dotted with multiple,
well-demarcated, round, oval, or irregular spots.
They represent cavities that are filled with fresh or
clotted blood imparting a dark red, dark blue, or
black color to the cavities (the Greek word
“pelios” denotes “blue-black”) (Fig. 1a; Tsokos
and Erbersdobler 2005). Cavities can reach
several centimeters in diameter.

Microscopy

The nonencapsulated cyst-like cavities may occur
dispersed throughout the organ or in clusters.
Cavities preferentially arise in the parafollicular
region of the red pulp and typically spare the

Peliosis, Spleen 393

P



white pulp. However, white pulp can show focal
atrophy when encircled by cavity clusters. The
cavities are blood-filled and have no “specialized”
walls. Instead, “blood lakes” border on intact or
distorted, nonnecrotic splenic cords without sig-
nificant fibrosis (Fig. 1b; Tsokos and Erbersdobler
2005) and – on high power – are either lined
by reticulin fibers or sinus wall (littoral) cells
that communicate with splenic sinuses of the sur-
rounding red pulp. Occasionally, cavities have
been reported to communicate with trabecular
veins (Tada et al. 1983), but an endothelial lining
is typically absent (Renard et al. 2012). In addition
to fresh blood, cavities can contain thrombi in
various stages of organization (Diebold and
Audouin 1983). Although peliosis has sometimes

been observed in patients with liver cirrhosis, the
white and red pulp around the cavities typically
look normal and sinus ectasia and congestion are
mostly absent. Extramedullary hematopoesis has
been observed occasionally (Renard et al. 2012).

Immunophenotype

By immunohistochemistry, antibodies to CD8 and
CD31 stain the sinus wall cells that form the
(commonly incomplete) lining of the cavity
walls. Because endothelial cells of blood and
lymphatic vessels do not contribute to the
cavity wall lining, stainings for CD34 and
podoplanin (antibody D2-40) are negative
(Table 1) (Renard et al. 2012).

Molecular Features

Data of molecular analysis of splenic peliosis
tissue has not been published to date.

Differential Diagnosis

Hematoma in contrast to peliosis of the spleen
is usually the short-term consequence of an
adequate trauma or coagulation defect. Delayed
splenic rupture after a trauma may blur this
clinical setting. Hematomas of the spleen resem-
ble peliosis cavities in terms of lack of a special
wall lining. However, hematomas are usually
more irregular in shape than the multiple, well-
delineated, round, and oval cavities of peliosis.

Spontaneous splenic rupture occurs in con-
junction with splenic torsion (mainly in children)
or splenomegaly due to infectious, neoplastic,
metabolic, or cystic diseases. In addition to the
specific features of the underlying cause
(on histology), acute hemorrhage is typically
focused on the rent in the splenic capsule and
does not show multiple, well-circumscribed,
blood-filled cavities surrounded by normal
splenic parenchyma.

Sclerosing angiomatoid nodular transforma-
tion (SANT) of the spleen can resemble peliosis

Peliosis, Spleen, Fig. 1 Peliosis of the spleen (a) Macro-
scopy: Disseminated distribution of multiple, well delin-
eated, dark lesions on the cut surface of a formalin-fixed
spleen (b) Well delineated, blood-filled peliotic cavity
(right) bordering on normal splenic red pulp without a
capsule and without obvious lining cells. (From Tsokos
and Erbersdobler 2005, with permission from Elsevier)

394 Peliosis, Spleen



macroscopically due to multiple, dark red nodules
occurring against a more light red splenic back-
ground. In contrast to the blood-filled cavities of
peliosis, the nodules of SANT are composed of
irregularly arranged, densely packed sinuses and
small vessels and surrounded by distinct grey
bands of fibrosis (Martel et al. 2004).

Cavernous or capillary hemangiomas,
angiosarcomas, littoral cell angiomas, and hemor-
rhagic lymphangiomas may mimic peliosis on the
clinical (imaging) level and macroscopically.
Therefore, macroscopical and histological inves-
tigations and immunohistochemistry are needed
for the differential (Table 1). Essentially, these
tumors are endothelial, CD31+ CD34+ CD8�
neoplasms, while peliosis is not. Instead, peliosis
is a cyst-like lesion that is focally lined by sinus
wall (littoral) cells that exhibit a CD31+ CD34�
CD8+ immunophenotype. Immunophenotypical
features of all these different lesions are described
in detail in the littoral cell angioma entry.
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Philippe Gaulard1 and Fanny Drieux2
1Department of Pathology, Henri Mondor
Hospital, Creteil, France
2Department of Pathology, Centre Henri
Becquerel, Rouen, France

Synonyms

Lennert lymphoma (Kiel classification);
Lymphoepithelioid lymphoma; Peripheral T-cell
lymphoma, large cell; Peripheral T-cell lym-
phoma, pleomorphic medium and large cell;

Peliosis, Spleen, Table 1 Differential diagnosis of vascular splenic lesions; for imunohistochemical features see the
litoral cell angioma entry

Diagnosis Peliosis
Hemangio-
ma Lymphangioma Littoral cell angioma Angiosarcoma

Frequency Very rare Common Rare Rare Rare

Macroscopy Multiple
blood-filled
cyst-like
cavities

Single/
multiple red
nodules;
rarely diffuse

Multilocular
thin-walled
structures filled
with clear fluid

Single or multifocal,
well delineated,
blood-filled, spongy,
or cystic tumor(s)

Single or multifocal,
poorly delineated,
hemorrhagic or necrotic,
spongy, or cystic tumor
(s)

Histology Ectatic
sinuses
cavities
filled with
blood,
thrombi,
debris

Cavernous or
capillary
angioma with
CD34+
endothelial
lining

Cavities filled
with serous fluid
and covered by
flat D2-40+
endothelial cells

Cavities containing
papillary fronds
covered by two
layers of cells:
columnar and
histiocytoid

Irregular capillary, solid
or spindle cell infiltrates,
cellular atypia, mitoses,
necrotic areas commonly
destructive
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Peripheral T-cell lymphoma, unspecified (WHO
2001); Peripheral T-cell lymphoma, pleomorphic
small cell; T-cell lymphoma, NOS

Definition

Peripheral T-cell lymphoma, not otherwise speci-
fied (PTCL, NOS) is a heterogeneous group of
mature T-cell lymphomas. It is defined by default
for cases not fulfilling the criteria for specifically
defined PTCL entities according to the 2017
WHO classification. This category probably
encompasses several biological subgroups that
are still undefined. Because PTCL, NOS is a diag-
nosis of exclusion, it requires an expert pathologic
review with an exhaustive workup. A recent study
highlighted that the diagnosis of PTCL, NOS is
challenging and poorly reproducible, with an
overall concordance of 63.4% between referral
and expert pathologists. Especially, a diagnosis
of nodal PTCL with T follicular helper (TFH)
phenotype, a new category in the 2017 updated
WHO classification defined by the expression of
at least 2 TFH-associated markers (i.e., CD10,
BCL6, PD1, ICOS, CXCL13, CXCR5), should
be excluded.

Therefore, in the routine practice, every case
of PTCL-NOS requires the most extensive panel
of immunohistochemical markers (TFH markers,
FDC, EBV, CD30, cytotoxic) to exclude a better
defined PTCL entity, especially a PTCL of
TFH origin, ALCL, or involvement by an
extranodal PTCL.

Despite recent recognition of PTCL, NOS
cases according to the expression of Th1
(TBX21) or Th2 (GATA3) associated markers,
no specific cell of origin has been characterized
yet – probably due to the heterogeneity of this
group. The normal counterpart is postulated to
be an activated post-thymic T-cell, mostly of ab
T-cell lineage and of central memory type.

PTCL, NOS is an aggressive disease with a
poor outcome. There is an unmet need to refine
this category in the future, to improve the man-
agement of these patients in clinical trials and to
develop targeted therapies in the era of personal-
ized medicine.

Clinical Features

• Incidence
In recent western studies, PTCL, NOS was the
most prevalent category, accounting for
26.9–34.6% of PTCLs, but most cases did not
benefit from a complete workup to exclude
another better-defined entity. These studies also
demonstrated a better phenotypic assessment in
academic compared to community centers, and
showed disparities considering the evaluation of
TCR genes rearrangement. It is likely that the
prevalence of PTCL, NOS will significantly
decrease following a better recognition of specific
subgroups and if a completeworkup is performed
to exclude a better defined PTCL entity.

• Age
Mostly adults are affected, with a median age
in the sixth decade. PTCL, NOS in children is
exceptional and should be considered with a
great caution.

• Sex
There is a slight male predominance (male to
female ratio up to 2:1).

• Site
Nodal presentation is usual, but extranodal
involvement is also frequently encountered.
Especially, although not exclusively, in cases
with presentation in the skin or another muco-
sal site, the patients should be carefully inves-
tigated for a cutaneous (mycosis fungoides,
Sézary syndrome or CD30-positive primary
cutaneous T-cell lymphoproliferative disor-
der) or another well-defined extranodal
PTCL (extranodal NK/T-cell lymphoma,
nasal-type, enteropathy-associated T-cell
lymphoma,. . .). Most patients present an
advanced disease with B symptoms, elevated
serum lactate deshydrogenase, and infiltration
of the bone marrow, spleen, liver, skin, or
other extranodal tissues is common. Para-
neoplastic manifestations such as eosino-
philia or haemophagocytic syndrome may
also occur.

• Treatment
The most commonly used first-line induction
chemotherapy consists in anthracycline-
based chemotherapies, CHOP or CHOEP
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(cyclophosphamide, doxorubicin, vincristine,
etoposide for patients under 60 years old).
A consolidation with high-dose chemotherapy
followed by up-front autologous stem cell trans-
plantation has been shown to improve overall
and free-progression survival, but these results
were not confirmed by another independent
study. There is no standard of care for refrac-
tory/relapsed PTCL, NOS and several options
may be considered: monotherapy using
bendamustine or gemcitabine for unfit patients
and combination therapy using ICE or DHAP
for fit patients aiming at allograft stem cell trans-
plantation. Inclusion in clinical trials is encour-
aged, with the development of targeted therapies
such as tyrosine kinase inhibitors, the anti-folate
pralatrexate, the histone deacetylase inhibitors
romidepsine and belinostat, or antibodies such
as the anti-CCR4 mogalizumab or anti-CD30
brentuxilmab-vedotin. Radiotherapy is limited
to localized or palliative disease. PET is useful
for the clinical staging, to evaluate residual dis-
ease at the end of treatment or during follow-up,
but may lack specificity and a biopsy is required
in case suspicious for relapse. A better under-
standing of the biology of PTCL, NOS may
contribute to the development of more person-
alized therapies and thus an accurate treatment
depending on the subtype and biological
abnormalities.

• Outcome
The overall outcome is poor, and relapses are
frequent (30% 5-year overall survival, 20%
5-year free progression survival). Prognostic
factors are included in the International
Prognostic Index (IPI), or the Prognostic Index
for T-cell lymphoma (PIT), taking into account
the bone marrow involvement and the Ki67
index. Other parameters reported to associate
with a poor prognosis include EBV positivity,
CD30 expression in almost all tumor cells,
NF-kappaB pathway deregulation, GATA3 pro-
file or phenotype, a cytotoxic profile, high pro-
liferative signature by gene expression, a
macrophage-associated microenvironmental
signature, and CADM1 expression; but none
of these are commonly used in the clinical
practice.

Macroscopy

There is no macroscopic particularity for PTCL,
NOS. As for all lymphoma suspicion, fresh
samples should be encouraged for cytogenetic
analysis, flow cytometry, cryopreservation, and
DNA and RNA extraction, whenever sufficient
material is available.

Microscopy

The morphologic spectrum of PTCL, NOS is
broad. In the lymph nodes, there is an effacement
of the normal architecture, due to a diffuse or
paracortical or interfollicular infiltrate, containing
a variable content in small, medium to large atyp-
ical cells (Fig. 1). These tumor cells are often
pleomorphic and show variable cytologic features
characterized by irregular nuclei, prominent
nucleoli, and variable cytoplasm. Cells with a
clear cytoplasm, anaplastic features, or resem-
bling Hodgkin/Reed-Sternberg cells may be
seen. Increased vascularization as well as a reac-
tive inflammatory background containing small
lymphocytes, eosinophils, B cells, plasma cells,
and epithelioid histiocytes have been reported as
common features but should draw attention for a
TFH-derived PTCL.

Rare morphological variants have been
described in the lymph node:

– The lymphoepithelioid lymphoma or
Lennert’s lymphoma (Fig. 2) is characterized
by a prominent reactive epithelioid histio-
cytes background, often in small clusters,
admixed with atypical small lymphocytes.
Some medium and large cells may be seen.
Other reactive cells (eosinophils, plasma
cells) are frequent. The neoplastic cells dis-
close a CD8-positive cytotoxic (TIA1,
granzymeB, and/or perforin) phenotype.
Extranodal involvement is infrequent. This
variant seems to have a better prognosis com-
pared to other PTCL, NOS.

– The follicular variant and T-zone variant are no
longer considered in the NOS category
according to the revised 2017 WHO
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Peripheral T-Cell Lymphoma, Not Otherwise Speci-
fied, Fig. 2 Example of a Lennert’s variant of PTCL,
NOS (a) The nodal architecture is effaced by a diffuse
lymphoid infiltrate with numerous aggregates of

epithelioid cells; the neoplastic cells are mainly small to
medium-sized with slightly irregular contours and minimal
atypia (framed); (b) the neoplastic infiltrate is composed of
T cells with a CD8 phenotype

Peripheral T-Cell Lymphoma, Not Otherwise Speci-
fied, Fig. 1 Morphological spectrum of PTCL, NOS (a)
A case showing a predominance of small cells admixed in a
background of histiocytes. (b) Case composed of rather
monomorphic small to medium atypical cells (c) Another

case in which the neoplastic infiltrate is composed of pre-
dominantly medium to large cells in an inflammatory back-
ground. (d) In this last case, the proliferation is pleomorphic,
made of a dense population of small, medium, to large
neoplastic cells, comprising some with anaplastic features
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classification, due to the expression of two or
more TFHmarkers. These variants should now
be classified among the “AITL and other nodal
PTCL of TFH origin” umbrella category.

Nodal cases showing EBV in almost all
lymphoma cells (by in situ hybridization with
EBER probes) have been scarcely reported and
are referred as “Primary EBV-positive nodal
T-cell or NK-cell lymphomas.” Such cases with
a nodal presentation are currently considered as
a provisional variant of PTCL, NOS in the
recently updated classification (Fig. 3). This
variant affects mostly elderly individuals or
patients with immune deficiency. There is usually
no angiodestruction or necrosis compared to
extranodal NK/T-cell lymphoma, nasal-type.
Compared to the later, they seem to be more
frequently of T-cell origin and less frequently
CD56-positive. Involvement of extranodal sites
(nasopharyngeal, skin, GI tract. . .) should be
excluded.Whether these cases are related to extra-
nodal NK/T nasal-type warrants further investiga-
tion. PTCL, NOS in extranodal sites may show
diffuse or nodular infiltrates, composed of similar
tumor cells. In the bone marrow, the involvement
is usually localized in non-paratrabecular area,
with increased reticulin fibrosis.

Immunophenotype

As PTCL, NOS is a diagnosis of exclusion, an
exhaustive panel of immunohistochemistry is
required to exclude a specific entity of PTCL,
and then to characterize the phenotype of PTCL,
NOS. This minimal panel is summarized in
Table 1.

An aberrant T-cell phenotype is common, with
frequent loss of CD7, more rarely CD5, CD3,
and/or CD2. The majority is positive for
TCRbF1. Most cases have a single CD4 pheno-
type (50–70%), more rarely single CD8
(15–20%), but double-positive or double-negative
CD4/CD8 cases are also encountered. PTCL,
NOS are negative for Tdt and CD1a.

Subsets of cases disclosing an activated
cytotoxic phenotype, with expression of perforin
and granzyme B antigens, are associated with
a poorer outcome (Fig. 4). The expression of
TIA-1 is reported in 30–40% of PTCL, NOS.
TiA1 expression alone, less common, relates to
a resting nonactivated cytotoxic status.
PTCL expressing at least two TFH markers
(PD1, CXCL13, BCL6, ICOS, CD10,. . .) are
now classified in the category of category of
PTCL with TFH immunophenotype comprising
AITL.

Peripheral T-Cell Lymphoma, Not Otherwise Speci-
fied, Fig. 3 Primary EBV-positive nodal T-cell lym-
phoma (a) An 81-year-old man presenting with nodal
involvement without extranodal disease. The lymph node
is diffusely infiltrated by a pleomorphic population of large

tumor lymphoid cells. Tumor cells are (b) positive for CD3
and (c) negative for CD56; (d) they express the cytotoxic
molecule granzyme B; (e) in situ hybridization for EBER
probes highlighted EBV infection in virtually all tumor
cells
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Other ontogenic subgroups according to Th1
or Th2 immunological features have been
identified by gene expression profiling and/or
immunohistochemical studies (Fig. 5). Their
assessment in the clinical setting is yet limited,
considering the limited number of immunohisto-
chemical markers available (Tbet, GATA3, and
FOXP3) and the absence of therapeutic rele-
vance. Moreover, there is no cut-off defining
positivity for these markers. Further studies are
required to evaluate the sensibility and specific-
ity of such markers and whether they are suffi-
cient to testify the cell of origin. However, the
evaluation of these markers seems to be of clin-
ical relevance, considering the poor prognosis
associated to GATA3 by immunohistochemistry
in two studies.

CD30 is variably expressed among PTCL, NOS:
expression in few tumor cells (<5%) was observed
in 60% of cases by two independent studies while
marked expression (>50% of tumor cells) was
reported in 20–40% of cases. Evaluation of CD30
may be relevant in the setting of the CD30-antibody
treatment, despite the lack of yet established cut-off
for an effective response. Strong expression in most
neoplastic tumor cells raises the differential diagno-
sis with anaplastic large cell lymphoma (ALCL),
which may be challenging especially in the absence
of a cytotoxic phenotype.

Search for EBV using in situ hybridization with
EBER probes is required in every case of PTCL,
NOS to rule out a diagnosis of extranodal NK/
T-cell lymphoma, nasal-type (extranodal presenta-
tion), or to diagnose a rare case of “Primary

Peripheral T-Cell Lymphoma, Not Otherwise Specified, Table 1 Minimal immunophenotypic panel for the
characterization of PTCL, NOS

Family markers Immunohistochemical markers Required Recommended

Main T-cell subsets CD3 X

CD5 X

CD2 X

CD7 X

CD4 X

CD8 X

TCRbF1 X

TFH (�)
a CXCL13 X X

CD10 X

PD1 X

BCL6 X X

ICOS X X

NK-associated and cytotoxica CD56 X

PRF X X

GZB X X

Tia1 X X

Activation CD30 X

Others Th subsets TBX21 X

GATA3 X

FOXP3 X

Virus EBER X

Other ALK Xb

Follicular dendritic meshwork CD21 (and/or CD23) X

B-cell CD20 X

(�) At least three TFH markers to be tested, two of them being positive for a diagnosis of PTCL with a TFH phenotype
aTFH markers may not be mandatory when a case discloses a cytotoxic profile; conversely, a case with a full-blown TFH
profile may not be investigated for all cytotoxic molecules
bMandatory when a case is uniformly CD30-positive
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EBV-positive nodal T/NK cell lymphoma”,
according to the 2017 WHO classification (see
above).

Aberrant expression of B-cell markers (CD20,
CD79a) is occasionally seen, as well as of
CD15. Ki-67 proliferation index >70% has been
reported as indicative of a worse prognosis.

Molecular Features

T-Cell Clonality
TCR genes are localized at three different loci:
TCRA at the 14q11 contains a and d chain genes,
TCRB (coding for the b chain) is located at the 7q34,
and TCRG (coding for the g chain) at the 7p14.

Clonal rearrangement of TCR (g and/or b)
loci are detected by multiplex PCR-methods
(BIOMED-2) in almost all cases. Various clonal

rearrangements of the TCR were reported in
biopsy samples but also in the blood and the
bone marrow in a proportion of PTCL, NOS
patients, suggesting the presence/emergence of
several clones in the evolution of the disease.
Concomitant clonal or oligoclonal rearrangement
of IGH locus may be detected in rare cases which
should be regarded with caution for the presence
of an associated B-cell lymphoproliferation,
possibly in the context of a PTCL of TFH origin.

Cytogenetic features
Chromosomal abnormalities are numerous in
PTCL, NOS compared to AITL or ALCL.
Complex karyotypes are associated with a large
cell cytology and a poor outcome. Comparative
genomic hybridization (CGH) show recurrent
chromosomal gains affecting genes involved in
the NFKB pathway (CARMA1 at 7p22) or in

Peripheral T-Cell Lymphoma, Not Otherwise Speci-
fied, Fig. 4 Example of a PTCL, NOS with a cytotoxic
phenotype (a) The nodal architecture is effaced by a
diffuse lymphoid infiltrate composed of neoplastic cells
with medium-sized to large round or irregular nuclei,

exhibiting marked pleomorphism; (b) the neoplastic cells
are CD3+, (c) CD8+, and express TIA1 (d) and granzyme
B (e) cytotoxic molecules. This case disclosed a clonal
TCRg rearrangement and was EBV-negative by in situ
hybridization (EBER probes)
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cell-cycle control (cyclin-dependant kinase 6 at
7q, MYC at 8q), gains of 17q, 22q, and losses
of 9p21 (resulting in reduced expression of
CDKN2A and CDKN2B). In one study, deletions
in chromosomes 5q, 10q, and 12q were associated
with a better prognosis. Aberrations in the
9q33-34 occur in 20% of PTCL, NOS.

Chromosomal translocations involving the
TCR gene loci have been reported in rare cases.
For most such cases the translocation partner is
unknown, and it is thought that it may induce the
transcription of an oncogene at the partner chro-
mosome. Three cases of PTCL, NOS with a cyto-
toxic phenotype with a t(6;14)(p25;q11.2)
translocation resulting in rearrangement of the
TCRa with the DUSP22/IRF4 locus have been

reported. A case of Lennert’s lymphoma
displayed a translocation t(14;19) involving the
TCRa/d and the BCL3 loci, while another trans-
location t(14;19)(q11;q13) involving TCRA and
the poliovirus receptor-related 2 gene (PVRL2)
resulting in BCL3 overexpression has been
reported in a PTCL, NOS. However, trisomy or
tetrasomy of the chromosome 7q involving the
TCRb has also been described.

The translocation t(5;9)(q33;q22) resulting in
a ITK-SYK fusion transcript, usually observed
in follicular PTCL, has also rarely been described
in PTCL, NOS in a study prior to the description
of the TFH-PTCL category.

More recently, rearrangements of VAV1 have
been detected by FISH in 11% of PTCL, NOS,

Peripheral T-Cell Lymphoma, Not Otherwise Speci-
fied, Fig. 5 Examples of PTCL, NOS according to the
expression of Th1- and Th2-associated transcription
factors (a) The lymph node architecture is effaced by a
diffuse infiltration made of predominantly pleomorphic
large lymphocytes showing nuclear irregularities, mitotic
figures, and clear cytoplasm. Reactive small lymphocytes,
eosinophils, plasma cells, and histiocytes are scattered.
(b) Most tumor cells disclose a nuclear staining using
GATA3 antibody, suggestive of a possible Th2 origin.
This case was CD3+ CD5+ CD4+ CD8�, expressed
PD1+ but was negative for BCL6, CXCL13, and granzyme

B with only weak heterogeneous CD30. (c) In this other
case, there is a diffuse effacement of the nodal architecture
by an infiltrate composed of small to medium-sized atyp-
ical lymphocytes, admixed with reactive small lympho-
cytes and plasma cells. (d) Double immunostaining
showed a co-expression of Tbet (red nuclear staining)
and granzyme B (brown cytoplasmic staining) in many
large tumor cells, suggestive of a Th1 origin. See detail in
the inset. This case was CD3+, CD5+, CD7+, CD4+,
CD8� and disclosed an activated cytotoxic phenotype
(Tia1+ granzyme B+). In situ hybridization using EBER
probes was negative
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and fusion transcripts involving VAV1 and
different partner genes (GSS, THAP4, and
MYO1F) have been found in single cases by
RNAseq. Other fusion transcripts have also been
reported in single cases (ITK-FER, IKZF2-
ERBB4, and ETV6-FGFR3).

Gene Expression Profiling
High throughput gene expression profiling studies
initially allowed to identify PTCL of TFH deriva-
tion among the formally NOS category, resulting
in the aggregation of these cases with AITL.Gene
expression assays also identified two ontogenic
subgroups, defined by the expression of TBX21
or GATA3 transcription factors, respectively asso-
ciated with the expression of Th1 and Th2 genes.
The TBX21 group showed enrichment in genes
of the NFkB signature and a more favorable out-
come. However, this TBX21 group is likely to
contain a subgroup of cytotoxic cases, of poor
prognosis. The GATA3 subgroup had an enrich-
ment of cell proliferation signature (through
MYC) as well as of the PI3K/Akt/mTOR pathway
signatures, and disclosed a poorer prognosis.
Further studies are needed to evaluate whether
single immunohistochemical markers (Tbet or
GATA3) are relevant to define these molecular
subgroups and whether the prognostic relevance
is confirmed.

Oncogenic pathways are poorly characterized
in PTCL, NOS. Deregulation of genes related to
relevant cell function (proliferation, apoptosis,
cell adhesion, and matrix remodeling) is a com-
mon feature. Overexpression and activation of
PDGFRa support cell proliferation in PTCL,
NOS in autocrine manner and may be a therapeu-
tic target using tyrosine kinase inhibitors.
However, the use of imatinib in nonselected
PTCL, NOS patients did not demonstrate efficacy.

The study of microenvironmental immune cell
signatures in PTCL, NOS have been associated
with prognosis: B-cell and dendritic-cells
signatures were associated with a favorable
outcome, while macrophage signature was corre-
lated with macrophages infiltration and associated
with a poor outcome. This latter pejorative
subgroup seems to express immune-checkpoint
molecules and might be of therapeutic relevance.

Sequencing and Other Omic Studies
The mutational landscape of PTCL, NOS is
currently poorly defined, likely due to the hetero-
geneity of this category. Indeed, very few “omic”
studies focusing on PTCL, NOS have been
performed to date. Nevertheless, mutations of
various genes have been reported including epi-
genetic modulator genes DNMT3a (11–37%)
and TET2 (30–50%), but also FYN (6%), CD58
(9%), CD28 (5%), TP53 (12%), VAV1 (5%), and
less frequently CARD11, ATM, PRDM1, JAK-
STAT pathway members, CDKN2A, RHOT2,
SMARCAL1, CCND3, and CREBBP. However,
most of these findings were obtained prior to
the segregation of the PTCL with TFH
immunophenotype. RHOA and IDH2 mutations,
which are characteristic anomalies in AITL, were
also identified among the former PTCL, NOS
with a TFH phenotype (40–60%). The detection
of RHOA and IDH2 in the routine practice may
help to distinguish PTCL, NOS from PTCL of
TFH derivation and strongly favors this latter
diagnosis.

More recently a proteomic profiling study
identified perturbation of “stress-related” and
metabolic pathway, associated with a poor
prognosis.

Differential Diagnosis

As stated above, PTCL, NOS is a by default
category. A diagnosis of a better defined PTCL
entity needs to be excluded before making
a diagnosis of PTCL, NOS. In particular, a
search for TFH markers and, when needed,
TFH-associated genetic anomalies (especially
RHOAG17V and IDH2R172 mutations) should
be performed to exclude the major differential
diagnosis with the novel category of nodal
PTCL with a TFH immunophenotype according
to the 2017 WHO classification. Classical
forms of angioimmunoblastic T-cell lymphoma
(AITL) are not a real differential diagnosis con-
sidering the peculiar pathological features of
AITL with a polymorphic infiltrate, hyper-
vascularity, and follicular dendritic cell (FDC)
expansion.
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ALK-negative ALCL is the main differential
diagnosis in case of strong and uniform
CD30 expression by neoplastic large cells.
ALK-negative ALCL is recognized as a geneti-
cally heterogeneous entity, encompassing
around 20–30% of cases with rearrangement of
the DUSP22/IRF4 locus which associate with an
excellent outcome, similar to that of ALK-
positive ALCL. Although most ALCL have
a cytotoxic immunophenotypic profile,
DUSP22-rearranged ALCL commonly are neg-
ative for cytotoxic makers and EMA and may
pose a challenging diagnostic problem with
CD30-positive PTCL, NOS. Further studies are
needed to determine whether the morphologic
and immunophenotypic overlap between non-
cytotoxic ALCL and CD30-positive PTCL,
NOS may lead to the recognition of a specific
group, and associates with specific genetic
abnormalities.

Reactive conditions may be misleading in the
rare cases of PTCL, NOS with a predominant
small T-cells neoplastic infiltrate. The presence
of cytological atypia, a loss of T-cell antigen, the
demonstration of a T-cell clone and/or somatic
genetic anomalies (mutations) together with inte-
gration to the clinical context are a clue for the
diagnosis of PTCL, NOS in such cases. The
lymphoepithelioid variant may also be mistaken
for reactive granulomatous conditions, mixed cel-
lularity Hodgkin’s lymphoma, T-cell/histiocyte-
rich large B-cell lymphoma, or epithelioid
cell-rich AITL.
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Synonyms

Medullary plasmacytoma; Multiple myeloma;
Myelomatosis

Definition

Plasma cell myeloma (PCM) is a clonal plasma
cell proliferative disorder that is cytogenetically
heterogeneous and almost always preceded by an
asymptomatic premalignant stage termed mono-
clonal gammopathy of undetermined significance
(MGUS). The initial diagnostic criteria defined by
the World Health Organization (Swerdlow et al.
2008) and International MyelomaWorking Group
(IMWG 2003) has recently been revised by the
IMWG (Rajkumar et al. 2014). The new definition
of PCM includes:

Clonal bone marrow plasma cells �10% or
biopsy-proven bony or extramedullary plas-
macytoma* and any one or more of the following
myeloma defining events:
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• Myeloma defining events:
• Evidence of end organ damage that can be

attributed to the underlying plasma cell pro-
liferative disorder, specifically:

• Hypercalcemia: serum calcium
>0.25 mmol/L (>1 mg/dL) higher than
the upper limit of normal or >2.75 mmol/
L (>11 mg/dL)

• Renal insufficiency: creatinine clearance
<40 mL per min† or serum creatinine
>177 mmol/L (>2 mg/dL)

• Anaemia: hemoglobin value of >20 g/L
below the lower limit of normal, or
a hemoglobin value <100 g/L

• Bone lesions: one or more osteolytic lesions
on skeletal radiography, CT, or PET-CT‡

• Any one or more of the following biomarkers
of malignancy:
• Clonal bone marrow plasma cell percent-

age* �60%
• Involved:uninvolved serum free light chain

ratio �100§

• >1 focal lesions on MRI studies}

*Clonality should be established by showing k/l-
light-chain restriction on flow cytometry,
immunohistochemistry, or immunofluores-
cence. Bone marrow plasma cell percentage
should preferably be estimated from a core
biopsy specimen; in case of a disparity
between the aspirate and core biopsy, the
highest value should be used.

†Measured or estimated by validated equations.
‡If bone marrow has less than 10% clonal plasma

cells, more than one bone lesion is required to
distinguish from solitary plasmacytoma with
minimal marrow involvement.

§These values are based on the serum Freelite assay
(TheBinding SiteGroup,Birmingham,UK). The
involved free light chain must be �100 mg/L.

}Each focal lesion must be 5 mm or more in size.

The diagnosis is based on the combination of
pathological, radiological and clinical features.
About 80% of PCM originates from non-IgM
MGUS, whereas the remaining 20% originate
from light-chain MGUS.

Variant Forms of Plasma Cell Myeloma

• Asymptomatic/SmolderingMyeloma (SMM)
SMM is defined as the presence of

an M protein above the MGUS range; i.e.,
>3 g/dL, and/or 10% or more clonal PCs
in the marrow, in a patient who has no
related organ impairment. Patients may
have stable disease for extended periods,
but most patients with SMM eventually
progress to PCM, which has a rate of
progression of 10% per year for the first
5 years.

• Light Chain–Only Myeloma (LCOM)
In 10–15% of PCM patients, only light

chains are secreted. They are described as
“Bence Jones disease” or “light chain–only
PCM.” Compared to the more common IgG
or IgA myeloma, survival and performance
status are worse in LCOM, and whereas
IgG or IgA PCM is often preceded by
a prolonged MGUS phase, light chain
MGUS is rare. The most common mecha-
nism, causing lack of IgH expression in 60%
of LCOM, is whole or partial deletion of
one IgH allele, while the other allele is
involved in a translocation that renders expre-
ssion impossible (Ely et al. 2014).

• Nonsecretory Myeloma (NSM)
In approximately 3% of PCM, there is no

M spike and serum protein electrophoresis is
negative. PCs in such cases typically show
cytoplasmic Ig (cIg) by immunohistochemistry
(IHC), which means that Ig is produced but not
secreted. The clinical findings are similar to
regular, secretory PCM except that, because
secreted Ig causes renal damage and precipi-
tates infections due to suppression of normal
Ig, renal disease and opportunistic infections
are rare in NSM.

• Plasma Cell Leukemia (PCL)
PCL is defined as the presence of>2� 109 /L

monoclonal PCs in the PB or >20% of
nucleated peripheral blood cells. Although
PCL may manifest as primary disease, it is
often a late-stage manifestation in a patient
with long-term PCM and is accompanied by
disease evolution in which the PCM cells
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became independent of the BM microenviron-
ment. Hence, it is typically accompanied by
extramedullary masses. PCL is more common
in patients with adverse cytogenetics. The cells
typically lack the adhesionmolecule CD56 and
show more common expression of CD20 than
a conventional PCM. Survival is typically
short.

• Solitary Osseous and Extramedullary
Plasmacytoma

According to the WHO classification, there
are two types of plasmacytoma without dis-
seminated bone marrow involvement; solitary
osseous plasmacytoma (SOP) and extra-
medullary plasmacytoma (EMP).

SOP is a localized tumor primarily involv-
ing the axial skeleton and progressing fre-
quently to disseminated PCM. It is composed
of clonal plasma cells which are cytologically,
immunophenotypically, and genetically simi-
lar to those of PCM. The diagnosis should be
made only if there is a negative BM result and
no evidence of (clinical or radiological) more
widespread disease.

EMP is a localized plasma cell tumor that
arises outside of the BM. The histologic fea-
tures are similar to those of SOP but EMP has
a relatively infrequent progression rate to dis-
seminated PCM as compared to SOP. The
diagnosis also requires the absence of bone
marrow or systemic disease. They have a high
tendency to involve the upper aerodigestive
tract and are exquisitely radiosensitive. It is
important to keep in mind that the lesional
PCs are usually negative for CD56. CD56
and cyclin D1 are often positive in extra-
medullary involvement of PCM, which may
be helpful in differentiating it from EMP.

• Osteosclerotic Myeloma (POEMS
Syndrome)

Osteosclerotic myeloma (OSM) is usually
accompanied with a syndrome which includes
polyneuropathy, organomegaly, endocrinopathy,
monoclonal gammopathy, and skin lesions,
hence the acronym POEMS. OSM is also fre-
quently associated with plasma cell variant of
Castleman’s disease, papilledema, edema, serous
effusions, and thrombocytosis. Peripheral

neuropathy is the prominent feature in most
patients with OSM and the defining feature of
POEMS syndrome. Organomegaly, which may
be in the form of hepatomegaly, splenomegaly,
or lymphadenopathy, is present in approximately
half of the patients and endocrinopathy and skin
changes in two thirds. OSM patients have a low
level (median 1.1 g/dL) of serum M protein
which in all cases has lambda light chain. The
heavy chain is either IgG or IgA. Radiographic
bone abnormalities are found in nearly all cases,
usually in the form of more sclerotic lesions.
However, some patients may have both sclerotic
and lytic bone lesions. The BM shows features of
plasmacytoma with marked osteosclerotic
changes in the bone trabeculae. There is usually
paratrabecular fibrosis with entrapped plasma
cells. Lymph node biopsies obtained from
patients with lymphadenopathy show features
of plasma cell variant of Castleman’s disease.

• Primary Amyloidosis (also see Amyloidosis)
Primary amyloidosis (PA) is a plasma cell

dyscrasia in which the fibril amyloid protein is
produced by monoclonal PCs (AL amyloid).
AL amyloid is composed of intact Ig light chains
or fragments of light chains that include the
amino-terminal (V) region and part of the con-
stant region of the light chain. The amyloid is
deposited in various tissues and eventually leads
to organ dysfunction. The diagnosis is usually
based on the cytochemical demonstration of
amyloid deposition with a Congo red staining
on a biopsy section. Most patients with PA have
evidence of end organ damage related to amy-
loid deposition regardless of BM PC burden.
Therefore, if CRAB features are present and
are related to amyloid deposition in a patient
lacking diagnostic findings for myeloma, the
diagnosis should be PA.

The BM is usually diagnostic in cases of
amyloidosis associated with myeloma, how-
ever only less than half of the non-myeloma
cases can be diagnosed by BM examination.
Despite this lower diagnostic yield, a BM
biopsy should be performed in order to rule
out PCM. The changes can vary from minor
changes to extensive effacement of the marrow
cells by either amyloid deposition or plasma
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cell infiltration. Since amyloid is deposited in
various other organs, biopsies from easily
accessible localizations can be performed.
Biopsies obtained from rectum or subcutane-
ous fat have a diagnostic yield of 80%.

Clinical Features

• Incidence
PCM has an incidence of 5.5 per 100,000 per-
son-years. PCM is more common in African-
Americans than Caucasians (2:1). There is
a two- to threefold increase in the incidence
of PCM in first-degree relatives.

• Age
The median age at diagnosis is 70, with 90% of
cases occurring over the age 50.

• Sex
PCM is more common in men than women
(1.4:1).

• Site
Generalized BM involvement is typical for
PCM. Lytic bone lesions and focal tumoral
masses consisting of plasma cells can also be
observed. Bone manifestations can present as
painful lytic lesions, vertebral crush fractures,
or long bone fractures. Spinal cord compres-
sion due to retropulsion of pathological

vertebral fractures or extramedullary soft tis-
sue plasmocytomas occurs in approximately
5% of the patients. Extramedullary involve-
ment is a sign of advanced disease. A skeletal
survey using plain radiographs of the skull
(Fig. 1a), spine, chest, pelvis, and upper
bones of the limbs is necessary to determine
the extent of the disease. Magnetic resonance
imaging (MRI), or computed tomography
(CT; Fig. 1b) if MRI is not available, should
be performed in order to evaluate vertebral
disease and a possible spinal cord compres-
sion. According to the IMWG updated
recommendations, clear evidence of one or
more sites of osteolytic bone destruction
(�5 mm in size) seen on CT (including
low-dose whole-body CT) or PET-CT does
fulfill the criteria for bone disease in multiple
myeloma and should be regarded as meeting
the CRAB requirement irrespective of
whether they can be visualized on skeletal
radiography or not. Furthermore, the devel-
opment of functional MRI techniques as, for
example, diffusion-weighted imaging (DWI)
allows getting information on bone marrow
infiltration comparable to positron emission
tomography (PET)-CT even without the need
of a contrast agent. The results of PET-CT and

Plasma Cell Myeloma, Fig. 1 Radiological examination (a; X-ray, b; CT) of a PCM patient showing the characteristic
lytic bone lesions on the skull
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MRI have been demonstrated to be of prog-
nostic significance not only for patients with
symptomatic but also for thosewith asymptom-
atic myeloma.

In addition to lytic bone lesions, renal
impairment occurs in 20–40% of newly diag-
nosed patients with myeloma and is typically
due to light chain deposition within the distal
and collecting renal tubules or hypercalcemia.
It is most commonly detected as an asymp-
tomatic elevation in serum creatinine, but
patients may rarely present with oliguria or
uraemia. One of frequent presentations of end
organ damage is acute renal failure. In the
2003 IMWG criteria renal insufficiency has
been defined as a serum creatinine concentra-
tion of more than 173 mmol/L (roughly
>2 mg/dL) that is attributable to multiple
myeloma, which corresponds to an increase
of 40% above the normal upper limit of the
serum creatinine. The IMWG recommends
the measurement of creatinine clearance (esti-
mated glomerular filtration rates) and usage of
a value of less than 40 mL/min to fulfill
CRAB criteria. This ensures that a similar
level of renal dysfunction attributable to the
underlying plasma cell disorder is used to
define the disease. The criteria have also
been updated to clarify that only renal failure
caused by light-chain cast nephropathy
(based on typical histological changes or pre-
sumptive diagnosis based on the presence of
high involved FLC levels, typically
>1,500 mg/L) is regarded as a myeloma-
defining events.

Anemia, which is present in about 73% of
patients at diagnosis, is generally related to
myeloma marrow infiltration or renal
dysfunction.

• Treatment
Symptomatic (active) disease should be
treated immediately. The current IMWG
update recommends smoldering PCM
patients who have BMPC of � 60% to be
treated due to the rapid disease progression
observed in these patients. The incorporation
of effective novel agents; i.e., immunomodu-
latory drugs (IMiDs) thalidomide and

lenalidomide, proteasome inhibitor
bortezomib, second-generation proteasome
inhibitor Carfilzomib, and a third-generation
IMiD Pomalidomide, in combination
with steroid and/or alkylating agents at
different phases of myeloma treatment
(induction phase, consolidation phase, and
maintenance phase) has significantly
improved response rates and overall survival.
The treatment modality is decided according
to the risk stratification of the individual
patient. Treatment strategies should
include the use of induction regimens that
are associated with high rates of complete
response, followed by maintenance treatment
(Smith and Yong 2013). Patients having
a standard risk can be treated
with lenalidomide and low dose
dexamethasone, which enables the prevention
of toxicity associated with bortezomib.
Patients having t(4;14), on the other hand,
are treated with bortezomib as part of induc-
tion and maintenance for at least 1 year. For
the high-risk patients, combination therapy
consisting of lenalidomide, bortezomib, and
dexamethasone is recommended (Chesi and
Bergsagel 2013).

Allogeneic stem cell transplantation, in
selected patients, may achieve long-term dis-
ease control. In high-risk patients, no signifi-
cant differences in outcome were seen in
clinical trials.

Local radiotherapy is effective for palliation
of bone pain, whereas pathologic fractures usu-
ally require surgical intervention. Percutane-
ous vertebroplasty can be performed for
patients with vertebral collapse, although this
only helps reducing the pain and does not
restore vertebral height. New bone lesions
and pathologic fractures can be reduced
through bisphosphonate therapy.

Patients with renal insufficiency should be
appropriately hydrated, rapidly treated for
myeloma as well as for hypercalcemia, hyper-
uricemia, and infections which will help pre-
venting further deterioration of renal function
and the development of the tumor lysis
syndrome.
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• Outcome
Although the induction of novel therapeutic
agents transformed the outlook for many
patients, PCM remains a heterogeneous dis-
ease, and the survival rates vary from 6 months
to over 10 years (median survival of 3–4
years). Before the use of corticosteroids and
chemotherapy, the average survival of a patient
with PCM was 12–24 months. The use of the
alkylating chemotherapy melphalan and pred-
nisone which was followed by high-dose che-
motherapy and autologous stem cell
transplantation increased the overall survival
of myeloma patients. The usage of IMiDs,
thalidomide and lenalidomide, thereafter
achieved much higher response rates and
deeper remissions compared to standard che-
motherapy alone. Bortezomib, a proteasome
inhibitor, has also increased the response
rates, which led to better clinical outcomes.
The combination of IMiDs and bortezomib,
sometimes together, other times with standard
chemotherapeutics or autologous stem cell
transplant, has led to great increases in the
rates of complete remission (CR) and overall
survival. Modern therapy modalities enabled
approximately 30–40% of patients to achieve
CR with primary chemotherapy with a rise in
CR to approximately 50% after consolidative
autologous stem cell transplant. The increased
responsiveness with new therapies has led to
improved overall survival (OS), ranging
between 5 and 8 years in different population
series. The most important independent nega-
tive prognostic indicators include: age, high
risk t(4;14) and the MAF translocations
t(14;16) and t(14;20), deletion of 17p/TP53
sequences and increased serum b2M and
albumin level.

Macroscopy

Radiography demonstrates one or more lytic bone
lesions as well as fractures and osteoporosis/
osteopenia. Macroscopically the defects in the
affected bone in a PCM patient are filled with
a soft gelatinous, fish-flesh, hemorrhagic tissue.

Microscopy

Both aspirate smears and trephine biopsies are
required for optimal evaluation.

• BM aspirates
The neoplastic PCs in a BM aspirate maybe
normal appearing with mature features but may
also have blast-like features which make it
difficult to identify them as PCs. The atypical
features most relevant to characterize cases of
myeloma include both nuclear and cytoplasmic
changes. The myeloma cells are often larger
than the normal PCs but they may also be
normal-sized or smaller. The cytoplasmic
changes include fraying and shedding of the
cytoplasmic edges, vacuoles, granules, and
inclusions. Cytoplasmic crystals are occasion-
ally found in myeloma but they do not have
any relationship to the immunologic type of the
myeloma. The nucleus is usually larger than
normal, the chromatin more evenly dispersed
and nucleoli are variably present. A number of
cytoplasmic and nuclear inclusions such as
multiple, small Russell-body type, or the
Dutcher-type nuclear inclusions can be
observed in myeloma cells. Russell bodies are
cytoplasmic vacuoles filled with immunoglob-
ulin; Dutcher bodies are cytoplasmic immuno-
globulin vacuoles invaginating into the
nucleus, creating the appearance of an
intranuclear inclusion. Russell bodies are com-
mon in both reactive and neoplastic PCs.
Dutcher bodies, on the other hand, should
always prompt a search for neoplasms. Marked
nuclear lobation and convolution can be
observed in a minority of cells. In some
instances, the cells are small and may resemble
lymphocytes. Based on their cytologic fea-
tures, myelomas have been classified as
mature, intermediate, immature, and
plasmablastic (Ely et al. 2014).

• BM trephine biopsy
A bone marrow examination showing the
presence of clonal BMPC of 10% or more,
or histopathological evidence of a plasma-
cytoma is a definite requirement for the diag-
nosis of multiple myeloma according to the
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updated IMWG criteria. The pattern of PC
infiltration observed in a core biopsy, which
may be interstitial, focal, or diffuse (Fig. 2a
and b), is one of the useful morphologic fea-
tures in the diagnosis of PCM (Ely et al.
2014). There is typically a progression from
interstitial and focal disease in early myeloma
to diffuse involvement in advanced stages of
the disease. The pattern of infiltration and the
amount of infiltrating PCs can be best
assessed by IHC staining for CD138. In reac-
tive plasmacytosis and in MGUS, the PCs are
usually scattered or in rare small clusters, and
usually perivascular in localization. In PCM,
due to sheetlike growth pattern, the relation-
ship of PCs to vessels is usually not striking.
The observation of sheets of PCs or PCs fill-
ing inter fatty spaces on a CD138-stained
slide is indicative of PCM. In addition, dem-
onstration of abnormal antigen expression
(e.g., CD56, cyclin D1, cyclin D3) by the
PCs further verifies the diagnosis. Clonality
of BMPC should be established by demon-
stration of k/l light-chain restriction by
immunohistochemistry or immunofluores-
cence, or by demonstration of phenotypic
clonality by flow cytometry, or by immunoglob-
ulin gene rearrangement studies.

Normal bone undergoes constant
remodeling due to activities of osteoclasts and
osteoblasts. In myeloma, the myeloma cells
themselves, local cells in the bone marrow
and immune cells present in the marrow inter-
act to increase the process of bone destruction.
Furthermore, growth factors released from the
process of bone destruction also increase the
growth of myeloma cells which creates
a vicious cycle. Recent studies have shown
that substances which are also produced by
myeloma cells, such as receptor activator NF-
kB ligand (RANKL), macrophage inflamma-
tory peptide 1-alpha (MIP-1a), Interleukin 3
(IL-3), and Interleukin 6 (IL-6), play a role in
the process of bone destruction and resorption
as well. The bone is typically osteopenic in
patients with PCM. However, it should be
kept in mind that bisphosphonate therapy
leads to osteosclerosis by affecting osteoclasts.
Thus, compared to age-matched controls,

follow-up biopsies in PCM patients often
show thickened bony trabeculae.

Immunophenotype

• Flow cytometry (FC)
PCs die rapidly after being removed from
the marrow due to the loss of interaction
with the BM microenvironment (Ely et al.
2014), and if any are detectable by FC, they
are usually in tiny numbers (<1%), which
makes the interpretation difficult. This is
also the reason for the higher false-negative
rates of PCM by FC as compared to histopath-
ological evaluation. Usually a panel of
markers is used for the FC analysis of PCM.
A typical panel utilizes CD38 (expressed
strongly in PCs), CD138 (Syndecan), CD56
(NCAM; expressed by most PCM, rare in
MGUS or reactive PCs), cIgk, and Igl. Cyclin
D1, one of the most useful
immunophenotypic markers in PCN diagno-
sis, cannot be assessed by FC due to technical
reasons. It is important to keep in mind that
there are “CD138 negative” cases diagnosed
by FC which show the expression of CD138
on tissue section immunohistochemically.
These cases are the ones which shed the extra-
cellular portion of the molecule. Since the
shed portion of the molecule contains the
binding site for the CD138 antibody, FC
shows a false-negative result.

• Immunohistochemistry
IHC on a core biopsy is the gold standard for
diagnosis of PCM, due to the difficulty of the
assessment of PC number on an H-E and
Giemsa-stained section. A recommended
panel of antibodies for the IHC workup of
PCM includes CD138, PAX5, CD56, MUM1,
cIgk (Fig. 2g), and cIgl (Fig. 2h). In cases
where the cIgk:cIgl is difficult to interpret, the
addition of heavy chains (M, D, G, and A) can
sometimes help clarifying the presence of
a monotypic population. A useful diagnostic
sign of PCM is the reduction of polyclonal
plasma cells of other isotypes in the
background; a feature which also explains
the profound reduction of polyclonal
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immunoglobulins in established PCM. The
analysis begins by assessing the number and
distribution of PCs by CD138 (Fig. 2c) and

IRF4/MUM1 (Fig. 2d). CD56 (Fig. 2f) is
a highly useful antigen for PC analysis. Weak
expression or expression by a small number of

Plasma Cell Myeloma, Fig. 2 A PCM case showing
diffuse infiltration of PCs in the BM (a and b) which are
positive for CD138 (c), IRF4/MUM1 (d), and Cyclin D1

(e), CD56 (f), and Kappa light chain (g) immunohisto-
chemically. Lambda light chain staining was negative (h),
confirming light chain restriction
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scattered PCs is not diagnostic. On the other
hand, strong expression by an entire PC popu-
lation which is observed in 70% of PCM is not
seen in reactive PCs or MGUS. Cyclin D1
(Fig. 2e) expression in PCs is seen in equal
proportions of MGUS and PCM. The staining
is weak/partial (only in a subpopulation of cells
which is <10%) in cases with hyperdiploidy
but strong and uniform in cases with t(11;14).

For a simultaneous evaluation of cytogenetic
abnormalities, double stainings for CD138/
cyclin D1, CD138/cyclin D3, and MUM1/
Ki67 or CD138/Ki67 are recommended.

Molecular Features

PCM is characterized bymultistage accumulation of
genetic abnormalities affecting different pathways.

• Hyperdiploid versus Nonhyperdiploid
PCM can be broadly divided into two groups
according to the chromosome content: hyper-
diploid PCM associated with the gain of odd-
numbered chromosomes; i.e., 3, 5, 7, 9, 11, 15,
19, and 21 and nonhyperdiploid PCM. The
hyperdiploid category has a low prevalence of
IGH translocations, whereas the non-
hyperdiploid group is highly enriched for
IGH translocations. Nearly half of MGUS
and PCM tumors are hyperdiploid. Patients
with hyperdiploid PCM are generally older in
age and tend to have a better prognosis (Chesi
and Bergsagel 2013).

• t(11;14)(q13;q32)/IGH-CCND1
The t(11;14), which results in the

upregulation of cyclin D1 (CCND1), is
observed in approximately 15% of all PCM.
It is commonly associated with CD20 expres-
sion, lymphoplasmacytic morphology, and is
more common in plasma cell leukemia and
asecretory PCM, as well as PCM with rare Ig
isotypes (IgM, IgD, and IgE), and a neutral to
slightly favorable prognosis using current
treatment regimens. It should be emphasized
that almost all cases of PC neoplasias,
starting from the early preneoplastic phase
(MGUS) to the malignant phase show

increased expression of cyclin D genes
(CCND1, CCND2, CCND3), regardless of
the presence of t(11;14). This supports the
role of dysregulation of Cyclin D genes
as an early oncogenic event in the
pathogenesis of MGUS and PCM. PCL, IgM
PCM, and NSM has a high association with
t(11;14).

• t(4;14)(p16;q32)
The t(4;14) is associated with a poor clinical
response and survival and is observed in 15%
of PCM cases. Translocation of the IGH locus
(14q32) with 4p16 containing adjacent genes
(FGFR3 and MMSET) results in the produc-
tion of two fusion products; 50FGFR3-30IGH
on the der(14) and 50IGH-30MMSET on the
der(4). Aberrant overexpression of FGFR3
is thought to play a role in the oncogenic
transformation seen in PCM, and tyrosine
kinase inhibitors targeting FGFR3 are already
in clinical trials. MMSET is a histone
methyltransferase whose overexpression in
PCM is associated with changes in gene
expression. MMSET is consistently over-
expressed in PCM cases with the t(4;14),
which makes it a potential therapeutic target
as well.

• t(14;16)(q32;q23)/IGH-MAF
The t(14;16) is observed in approximately 5%
of PCM cases and is associated with a poor
prognosis. Although the translocation occurs
only in 5% of cases, almost 50% of myelomas
overexpress MAF which is associated
with increased expression of CCND2. The
t(14;20)(q32;q12) involving MAFB occurs at
a lower frequency (2%) and is also correlated
with increased CCND2 expression and a poor
outcome.

• Chromosome 13 Loss or Deletion
Loss or partial deletion of chromosome 13 is
found in approximately 30–50% of PCM by
FISH analysis which is less common by con-
ventional cytogenetic analysis. Among these
cases, 85% represent monosomy 13 and 15%
represent an interstitial deletion of 13q. These
abnormalities pose a prognostic significance
due to their tight association with other high-
risk genetic features; i.e., t(4;14).
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• Deletion of 17p13
Deletion of 17p13, resulting in the loss of
TP53, is one of the most important cytoge-
netic prognostic factors in PCM. Prevalence
is low (8%) at presentation which increases at
the advanced stages of disease. 17p13 dele-
tion is associated with a poor prognosis due
to overall shorter survival, more aggressive
disease, and higher prevalence of extra-
medullary disease. It is of great importance
to note that, although PCM and MGUS share
many of the same abnormalities, deletion of
17p13 is rarely found in MGUS and is likely
to be a later event associated with disease
progression.

• Chromosome 1 Abnormalities
Gain of 1q (+1q) and losses of 1p are common
genetic events in PCM. One region of 1q
(1q21) which has been identified as
a frequently minimally amplified region con-
tains many candidate oncogenes; i.e., CKS1B,
ANP32E, BCL-9, and PDZK1. The importance
of this region is supported by the demonstra-
tion of a strong association between +1q21 and
an adverse prognosis using both fluorescence
in situ hybridization (FISH) and GEP tech-
niques. Therefore, a comprehensive FISH test-
ing panel for PCM including the detection of
chromosome 1 abnormalities using probes for
1q is recommended.

Whole arm deletion or interstitial deletions
of the 1p chromosome are associated with
a poor prognosis. Molecular genetics has
revealed that two regions of 1p, 1p12, and
1p32.3 are particularly important in myeloma
pathogenesis when deleted. 1p12 contains
the candidate tumor suppressor gene
FAM46C which has been shown to be inde-
pendently correlated to a poor prognosis.
1p32.3 contains two target genes; FAF1 and
CDKN2C.

• Other recurrent genetic abnormalities:
Translocations involving MYC, that is, the
t(8;14)(q24.2;q32) or variants, mutations in
genes that lead to the activation of the NF-
kB pathway, RAS and BRAF mutations, dele-
tions of the short arm of chromosome 12, and
epigenetic and miRNA-related changes that

could alter regulation of critical genes have
been reported in PCM cases. In a recent
massively parallel sequencing study
performed on paired tumor/normal samples
of PCM patients, 11 significantly mutated
genes were detected (ref. Lohr 2014). Five
of these genes (KRAS, NRAS, FAM46C,
DIS3, and TP53) were already identified in
an earlier pilot study. In addition to these five
genes, BRAF, TRAF3, CYLD, and RB1 were
also identified as significantly mutated genes
in PCM. Many of these alterations are sec-
ondary changes occurring during disease
progression.

Differential Diagnosis

The most commonly encountered problem,
when dealing with plasma cell lesions, is the
discrimination of MGUS from early myeloma.
Differentiating MGUS from early myeloma in
cases which have BM plasma cell percentage or
M protein levels at the high end of the spectrum
is challenging. The light chain immunohisto-
chemistry is helpful in most instances. There is
a plasma cell light-chain excess in the majority
of myeloma cases at a ratio of 16:1 which is less
than this ratio for MGUS cases. Furthermore,
applying CD56 immunohistochemistry can help
solving this problem since MGUS PCs usually
lack the expression of CD56, whereas CD56
expression is typical of PCM.

The isotype of the M spike is helpful in
establishing the differential diagnosis from other
non-Hodgkin lymphoma (NHL) types. IgM is
common in some types of NHL but exceedingly
rare in PCM. An IgD spike, which is not seen in
MGUS or NHL, is almost always an indication of
PCM. IgG is common in PCM, but not NHL. IgA
can be seen in both PCM and NHL. A reliable
PCM diagnosis can only be achieved through the
examination of a CD138-stained slide, making
note of the localization of the PC mass and the
infiltration pattern. If there are accompanying
numerous small B cells, an NHL with
plasmacytoid differentiation or a PCM coexistent
with a clonally unrelated NHL should be included
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in the differential diagnosis. In addition to the FC
analysis of the surface immunoglobulin expres-
sion and the typical immunophenotype of a com-
mon NHL, immunohistochemical analysis of
cyclin D1 would also be helpful for the differential
diagnosis. If cyclin D1 expression is observed in
the PCs, the infiltrate represents a PCM. The only
lymphomas with cyclin D1 expression are mantle
Cell lymphoma (MCL) and hairy cell leukemia
(HCL). MCL does not show plasmacytoid differ-
entiation, and HCL has a morphology and
immunophenotype that is distinctive and enables
the discrimination from a neoplastic PC popula-
tion. Once the diagnosis of PC neoplasia is
achieved, the percentage of PCs, their distribution,
and pattern of infiltration (formation of sheets)
have to be evaluated in order to distinguish PCM
from other plasma cell neoplasms. It should be
noted that clinical and radiological findings in the
pathological evaluation of suspected PC neoplasia
cases are of great importance.
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Synonyms

DLBCL; Plasmablastic lymphoma of the oral cav-
ity; Plasmablastic lymphoma of the oral cavity
type

Definition

In 1992, Stein and Dallenbach for the first time used
the term “plasmablastic lymphoma” (PBL).
Plasmablastic lymphoma of the oral cavity was
first reported in patients infected by HIV in 1997.
Subsequently, this lymphomawas observed in other
extranodal sites, predominantly in HIV-infected
patients. Then, the term “plasmablastic lymphoma
of the oral cavity type” was proposed. In 2001,
plasmablastic lymphoma was included in the
WHO classification as a rare subtype of diffuse
large B-cell lymphoma (DLBCL), and, in 2008, it
was incorporated into the WHO classification as a
distinct entity (Stein et al. 2008; Campo et al. 2017).

Clinical Features

• Incidence
PBL togetherwith primary central nervous system
lymphoma (PCNSL) and primary effusion lym-
phoma (PEL) is a minor fraction (about 7–8%) of
DLBCL which represents about 70% of the HIV-
associated lymphomas (Wang et al. 2014).

• Age
PBL is an uncommon B-cell tumor occurring
predominantly in HIV-infected middle-aged
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males. It can also occur in children with other
immunodeficiency states. Among the elderly it
can occur without evident immunodeficiency.

• Sex
Predominantly males.

• Site
PBL frequently involves the oral cavity and
originally was termed PBL of the oral cavity

prior to the realization that it does involve other
anatomic sites including sinonasal cavity,
orbit, skin, bone, soft tissues, and gastrointes-
tinal tract. Nodal involvement is not common
in HIV setting (Wang et al. 2014).

• Treatment
Combination of cARTwith supportive therapy
and chemotherapy treatment.

Plasmablastic Lymphoma, Fig. 1 “Plasmablastic lym-
phoma of the oral cavity type”. (a–b) This lymphoma
consists of a relatively uniform tumor cell population
displaying a cohesive pattern and a plasma cell-related
morphology. The so-called plasmablasts display abundant
basophilic cytoplasm and eccentric nuclei that are either (a)
plasma cell-like or (b) immunoblastic cell-like. (c–e)
Plasmablasts are characterized by strong immunostaining

with the plasma cell markers (c) MUM1/IRF4 and (d)
CD138 and by (e) a high proliferative index. (f) EBV
infection, as detected by EBER in situ hybridization, is
present in almost all tumor cells. (a, b) Hematoxylin–eosin
stain; (c–e) immunohistochemistry, hematoxylin counter-
stain; (f) bright field in situ hybridization, hematoxylin
counterstain. Abbreviations: EBER Epstein–Barr RNA,
EBV Epstein–Barr virus
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• Outcome
The prognosis of “plasmablastic lymphomas of
the oral cavity type” remains poor despite the use
of cART and chemotherapy. There is, therefore,
an urgent need to develop new therapeutics
(Castillo et al. 2015).

Macroscopy

A mass in the oral cavity and other mucosal
structures.

Microscopy

PBL can be subdivided into two morphologic sub-
groups: (1) lymphomas comprised of a monomor-
phic population of plasmablasts with no/minimal
plasmacytic differentiation and (2) lymphomas
with plasmacytic differentiation, composed of
plasmablasts and cells showing plasma cell differ-
entiation. Plasmablasts have moderate amphophilic
cytoplasm, eccentric nucleolated nuclei, and a peri-
nuclear hof. Mitoses and apoptosis are frequent and
their proliferation index ranges from 60% to 95%
(Fig. 1) (Carbone et al. 2014).

Immunophenotype

As plasmablasts acquire plasma cell markers, they
tend to lose their B-cell markers. Lymphoma cells
may therefore fail to immunoreact with leukocyte
common antigen (LCA) and B-cell markers
(CD20, CD79a, PAX5). They may, however, dem-
onstrate strong immunoreactivity for plasma cell
markers such as VS38c, CD38, multiple myeloma
oncogene-1 (MUM1 or interferon regulatory fac-
tor 4), and CD138 (Fig. 1). Cytoplasmic immuno-
globulins (mainly IgG) may be expressed in
50–70% of cases. It is important to note that these
lymphomas may be mistaken for poorly differenti-
ated non-hematologic malignancies, because they
can also stain with epithelial markers like
cytokeratin or epithelial membrane antigen
(EMA), as well as the endothelial cell marker
CD31 (Castillo et al. 2008; Medeiros et al. 2017;
Stein et al. 2008).

Molecular Features

Like other aggressive B-cell lymphomas, alter-
ations of the MYC locus have been discovered in
some plasmablastic lymphomas. Approximately
60–75% of plasmablastic lymphomas are asso-
ciated with Epstein–Barr virus (EBV) (Fig. 1)
and express EBNA1- and EBV-encoded RNAs
(EBERs) only, representing a type I latency pat-
tern. Initial controversy surrounded the role of
Kaposi sarcoma-associated herpesvirus (KSHV)
in plasmablastic lymphoma. At present,
KSHV appears to be associated specifically
with those large cell lymphomas arising from
the KSHV related (Castillo et al. 2015; Stein
et al. 2008).

Differential Diagnosis

Several aggressive HIV-associated lymphomas
exhibit plasmacellular differentiation, i.e., they
exhibit plasmacytoid morphology and demon-
strate immunophenotypic and molecular attri-
butes of plasma cell differentiation (Table 1).
Due to this overlap, their pathologic diagnosis
is frequently problematic. HIV-associated
lymphomas that share similar plasmacellular
features include BL with plasmacytoid differen-
tiation, the immunoblastic variant of DLBCL,
plasmablastic lymphoma, PEL, large B-cell

Plasmablastic Lymphoma, Table 1 Lymphomas
occurring specifically in HIV-infected patientsa

Histotypes

Burkitt lymphoma plasmacytoid†

Systemic IBL plasmacytoid†

PCNSL (IBL plasmacytoid)†

Hodgkin lymphoma†

PEL and its solid variant†§

PBL of the oral cavity†

MCD-associated large cell lymphoma§

Abbreviations: IBL immunoblastic lymphoma, PCNSL pri-
mary central nervous system lymphoma, MCD multi-
centric Castleman disease, PBL plasmablastic lymphoma,
PEL primary effusion lymphoma
aDisplay a phenotype related to plasma cells
Carry infection by EBV† or KSHV/HHV8§ or both†§
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lymphoma arising in KSHV-associated multi-
centric Castleman disease, and polymorphic
lymphoproliferative disorder (“polyclonal” lym-
phoma). A combination of clinical, morpho-
logic, virologic, immunophenotypic, and
molecular findings is usually needed in order to
differentiate these lymphomas (Carbone et al.
2014) (Table 2).
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Plasmablastic Lymphoma, Table 2 Comparison of HIV-associated lymphomas with plasmacellular differentiation.
Differential diagnosis

Features/
biomarkers

Plasmacytoid
BL

DLBCL
immunoblastic
lymphoma

Plasmablastic
lymphoma Classic PEL Solid PEL

Polyclonal
lymphoma

CD4+ T-cell
count
(cells/mm3)

Normal to
low (>200)

Very low
(<100)

Low Very low
(<100)

Low (<200) Low
(<200)

Common
presentation

Mainly
extranodal

Nodal and
extranodal
(including
CNS)

Nodal and
extranodal

Effusions Extracavitary Nodal and
extranodal

CD20 Positive Positive
(may be lost)

Positive (may
be lost)

Rare positive Positive
(may be lost)

Positive

BCL-6 Positive Occasional
positive

Rare positive Rare positive Negative Rare
positive

Other
positive
markers

CD10 CD10
CD30
CD5 rare

CD10
CD31
CD56

CD30
CD71
CD31
EMA

CD30
EMA

CD43

CD138 Negative Negative Positive Positive Positive NR

MUM1 Negative Occasional
positive

Positive Positive Not reported NR

Proliferation
index (Ki-67)

Very high
(>90 %)

High (<90 %) High
(75–95 %)

High
(>80 %)

High Variable

Genetic
features

MYC
activation,
p53
inactivation

p53 mutation
and MYC
rearrangement
(minority)

MYC
activation, p53
overexpression

Rare
chromosome
abnormalities

Occasional
p53 positive
cells

p53
mutation
(minority)

Abbreviations: BL Burkitt lymphoma, DLBCL diffuse large B-cell lymphoma, EBV Epstein–Barr virus, NR not reported,
PEL primary effusion lymphoma, NR not reported
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Polycythemia Vera
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Synonyms

Polycythaemia rubra vera; Chronic erythraemia

Definition

Polycythemia vera (PV) is an acquired, autono-
mous, and erythropoietin-independent prolifera-
tion of a transformed hematopoietic stem cell
which is in almost all cases driven by a gain-of-
function mutation of the JAK2 kinase gene.
Because the JAK2 kinase is involved in signal
transduction of diverse hematopoietic growth fac-
tor receptors, all three hematopoietic lineages are
affected and show exaggerated proliferation
(“panmyelosis”). Generally, erythrocyte prolifer-
ation and hence erythrocytosis represent the lead-
ing clinical manifestation. According to the 2016
revision of theWHO classification, three diagnos-
tic criteria are required (Arber et al. 2016; Thiele
et al. 2016). In addition to elevation of hemoglo-
bin values (>16.5 g/dL males, >16.0 g/dL
females, or elevated red blood cell mass), JAK2
mutation and panmyelosis in bone marrow histol-
ogy have to be present in order to settle the diag-
nosis of PV. In case that one of these criteria is not
fulfilled, decrease of erythropoietin levels is man-
datory. PV usually shows a biphasic course with a
polycythemic phase followed by a “spent” phase/
post-polycythemic myelofibrosis phase. Besides
myelofibrosis (grades 2–3), this phase is defined
by anemia, constitutional symptoms (two of the
three following: >10% weight loss in 6 months,
night sweats, fever without obvious cause),
splenomegaly (plus 5 cm above baseline), and
leucoerythroblastic blood picture. At least two of
these four criteria should be present (Barosi et al.
2008). Because osteosclerosis is also frequently
present, the spent phase may be indistinguishable

from primary myelofibrosis. In a minor proportion
of cases, acute leukemia develops with or without
previous fibrotic progression (see chapter on pro-
gression of PV and CML).

Clinical Features

• Incidence
PV is a rare disease with an incidence of 0.4 to
2.8 per 100,000. In familial cases somatic
JAK2mutation is also evident but not transmit-
ted via germ line (Bellanne-Chantelot
et al. 2006).

• Age
The median age of manifestation is 60 years;
rarely younger patients from 20 years upward
are affected. Extremely rare PVoccurs in chil-
dren (Thiele et al. 2016).

• Sex
Man and females are equally affected [1, 2].

• Site and Symptoms
PV always initiates in the bone marrow. Later
on, the spleen, liver, and lymph nodes may be
involved with enlargement of organs. Com-
plaints and symptoms comprise headaches,
swindle, thromboembolism, and signs of dis-
turbed microcirculation (disturbances of optic
view). Frequently, pruritus, eventually pro-
voked by contact to water is reported. Throm-
bosis, e.g., of portal vein may be the first sign,
and not infrequently JAK2 analysis and bone
marrow histology are required to render the
correct diagnosis of early PV because the
peripheral blood values in this stage may not
yet fulfill the WHO criteria. Signs of progres-
sion are increasing splenomegaly, symptoms
caused by splenomegaly, increase of thrombo-
cyte values >1,000,000/ml, and leucocyte
values >15,000/ml.

• Treatment
Treatment aims at a reduction of thromboem-
bolic complications and at the reduction of the
hematocrit value to a level of about 45%.
Recommended therapy includes phlebotomy
and low-dose aspirin. In patients with progres-
sive disease, cytoreductive therapy is indicated
(Barbui et al. 2018).
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Other principles of therapy in progressive
cases comprise alpha-interferon, ruxolitinib,
hydroxy urea, and busulfan in case of
intolerance or resistance to other therapy
options. In the accelerated phase, dosage
increase of TKI may be successful
(Deininger et al. 2015). Progressed PV is
treated with JAK2 inhibitors and in selected
cases with allogenic stem cell transplantation
(Vannucchi and Harrison 2017). In the blast
phase of PV, diverse regimes with limited
success are used, including hypomethylating
agents, low-dose chemotherapy, induction
chemotherapy, and allogeneic stem cell
transplantation.

• Outcome
With acceleration and progression, the progno-
sis in PV worsens and resembles progressed
myelofibrosis or MDS. About 3–7% of
patients progress to blast phase with an unfa-
vorable outcome like in CML (Vannucchi and
Harrison 2017). In the spend phase, hemato-
poietic insufficiency evolves.

The most frequent complication and cause of
death is due to thromboembolism. The medium
time survival is more than 10 years.

Macroscopy

In the chronic and more pronounced in the accel-
erated phase, PV may be associated with spleno-
megaly. Usually the spleen is diffusely enlarged
without tumor formation and the consistency is
increased. In the blast phase of PV, there might be
tumor formations affecting lymph nodes or extra-
nodal sites and hepatomegaly.

Microscopy

In the peripheral blood, a mild granulocytosis is
usually not accompanied by a left shift. Further-
more, giant thrombocytes may be obvious, which,
however, are not specific for PVandmay also occur
in other myeloproliferative neoplasms (ET and
PMF). By contrast to all other myeloproliferative
neoplasms (ET and PMF), there is a predominant

proliferation of erythrocytic lineage and precursors.
According to also increased other blood values
with thrombocytosis and granulocytosis, the bone
marrow reveals proliferation of all cell lineages
(panmyelosis) (Fig. 1). There is an increase of
erythroid islands which may be found in atypical
peritrabecular localization. Nuclear atypia, cabot
rings, and increase of apoptotic figures are usually
not present. Iron macrophages are diminished or
completely missing. Granulopoiesis is only mildly
increased and left-shifted. Megakaryocytes reveal
increase in number and atypia with large cells and
vesicular, enlarged nuclei. Unlike PMF, there is no
or minimal cluster formation and tight clusters are
usually missing (Figs. 1 and 2). In cases with JAK2
exon 12 mutations, the increase of cellularity may
be less pronounced and more or less restricted to
the erythroid lineage (Fig. 3). A minority of cases
reveal changes of bone marrow histology in early
stages, which are indistinguishable from essential
thrombocythemia (ET). In fully developed disease,
panmyelosis becomes evident, usually accompa-
nied by an increase of JAK2 V617F allelic burden
(Hussein et al. 2009). Bone marrow histology pro-
vides one of three diagnostic criteria which
according to the WHO classification (Thiele et al.
2016) have to be fulfilled to settle the diagnosis of
PV. In late stages of PV, the so-called spend phase,
there is an increase of the granulocytic lineage and

Polycythemia Vera, Fig. 1 Histology of the bone mar-
row in PV generally displays an increase of cellularity with
reduction of fatty tissue to a proportion below 10%. There
is a proliferation of all lineages including erythrocytic and
granulocytic lineage as well as megakaryocytes (Giemsa
stain)
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relative reduction of erythroid precursors. In addi-
tion, fibrosis may occur, and if extensive (grades
2–3), it may be difficult to differentiate from pri-
mary myelofibrosis. Megakaryocytes tend to be
smaller than in the chronic phase and in some
cases may resemble those in MDS. Peripheral
blood may reveal leucoerythroblastic changes (see
chapter on progression in CML and PV).

In the spleen extramedullary hematopoiesis, pri-
marily erythroid islands, can be found in the white

pulp. In the liver sinusoids are affected which con-
tain erythroid islands and megakaryocytes.

Immunophenotype

Immunohistochemistry does not play a role in
primary diagnosis of PV. In later stages CD34
and CD117 staining may be helpful to identify
blast increase. However, in many cases of blast
crisis in PV, these markers may be completely or
partially negative. In PV the blast crisis is usually
myeloid with expression of corresponding
markers (myeloperoxidase, lysozyme). Lymphoid
markers may be co-expressed (mixed phenotype),
but purely lymphoid blast populations are rare.

Molecular Features

Hematopoiesis in PV is usually clonal (Adamson
et al. 1976; Kreipe et al. 1991). Almost all cases
display JAK2 mutation (Tefferi 2016). JAK2 is
involved in intracytoplasmic signal transduction of
activated receptors for cytokines and growth factors.
The protein contains an inhibiting subunit which
loses its function when the V617F mutation is pre-
sent. Mutation K539 L is found in in<5% of cases,
and unlike the V617F mutation, it is exclusively
occurring in PV. It also leads to a loss of kinase
inhibiting activity. Rarely, alternative activating
mutations have been reported such as mutated
LNK, which is a negative regulator of JAK2 signal-
ing (Milosevic and Kralovics 2013). The allelic
burden of JAK2 mutation in most cases is >50%
indicating homozygosity (Hussein et al. 2009),
whereas in ET it is below 50%. When PV initially
manifests as ET and later on progresses to fully
developed chronic-phase PV, an increase of JAK2
allelic burden has been reported (Hussein et al.
2009). Mutations of the thrombopoietin receptor
gene MPL and of the genes for calreticulin are
only present in thrombocytotic MPN such as ET
and PMF. When they are present, PV can be
excluded (Bartels et al. 2018). In the chronic
phase, about 20% of PV cases reveal karyotype
aberrations (del (20q), del (13q), del (9q), +8, +9).
During progression an increased incidence of

Polycythemia Vera, Fig. 2 In differential diagnosis to
other myeloproliferative neoplasms, megakaryocytes play
a decisive role. In PV they are increased in number and in
size, but only rarely they are as pleomorphic and reveal the
huge size as in primary myelofibrosis. Usually they lay
apart and at distance from each other and they do not form
tight clusters, although they may be grouped (Giemsa
stain)

Polycythemia Vera, Fig. 3 In PV cases with JAK2 exon
12 mutations, the panmyelosis may be less pronounced as
in this case which initially presented with liver vein throm-
bosis (Giemsa stain)
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chromosomal aberrations is demonstrable. In a sub-
group of cases in the chronic phase, the JAK2muta-
tion was found to be combined with other mutations
which typically occur in myelodysplastic syn-
dromes such as TET2, DNMT3A, EZH2, and
ASLX1, (Lundberg et al. 2014). Interestingly, cases
with combined mutations except TET2 showed a
significantly increased propensity to progress to
fibrosis and blast crisis (Bartels et al. 2018). An
increase of JAK2 allelic burden was found
by some investigators to be associated with fibrotic
progression. This association could not be con-
firmed by others (Bartels et al. 2018).

Differential Diagnosis

There are three principal differential diagnoses,
which in most instances can be excluded by a
combined approach of bone marrow histology
and molecular analysis:

• Inborn germ line mutations with dysregulated
erythropoiesis

• Reactive erythrocytosis
• Other JAK2-mutated myeloproliferative

neoplasms

Congenital dysregulation of erythropoiesis
comprises the following diseases:

• VHL mutations, e.g., Chuvash polycythemia
(Hickey et al. 2007.

• 2,3-Bisphosphoglycerate mutase deficiency
(Kralovics and Prchal 2000)

• High-oxygen-affinity hemoglobin (Orvain
et al. 2017.

• Congenital methemoglobinemia (Soliman and
Yassin 2018)

• Hypoxia-inducible factor 2a mutations (van
Wijk et al. 2010.

• Prolyl hydroxylase domain 2 mutations
(Ladroue et al. 2012.

Acquired reactive increase of hemoglobin can
be caused by:

• Chronic hypoxia-induced erythropoietin
increase (cardiac or pulmonary insufficiency,
smoker’s polycythemia)

• Paraneoplastic production of erythropoietin
(e.g., by renal cell carcinoma, hepatocellular
carcinoma)

Histologically and clinically, there is an overlap
with other JAK2-mutated myeloproliferative neo-
plasms. The K539 L mutation of JAK2 is restricted
to PV. In particular, the initial stage of PV may
closely resemble ET. In these cases, thrombocytosis
is the leading symptom, and erythrocytosis will
develop later accompanied by an increase of JAK2
V617F allelic burden (Hussein et al. 2009).
Mutations of MPL and calreticulin (CALR) are not
found in PV.
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Synonyms

Body cavity based lymphoma (BCBL)

Definition

Primary effusion lymphoma (PEL) is a rare B-cell
neoplasm characterized by Kaposi sarcoma-
associated herpesvirus (KSHV) infection of the
tumor clone (Cesarman et al. 1995). The spectrum
of KSHV-associated PEL is greater than origi-
nally appreciated and includes extracavitary
KSHV-associated solid lymphoma (Chadburn
et al. 2004). The classic form of PEL tends to
remain localized to serous body cavities and dif-
fusely spread along serous membranes.
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Radiologic and morphologic findings provide a
basis for the recognition of PEL as a lymphoma
of the serous membranes. However, extracavitary
KSHV-associated solid lymphoma (solid PEL)
involves mainly extranodal tissues.

Solid PEL is often associated with Kaposi sar-
coma (KS) or multicentric Castleman disease
(MCD). In rare cases, secondary distant
(noncontiguous) lymphomatous effusions may
develop, supporting the notion that extracavitary
KSHV-associated solid lymphomas may repre-
sent a continuum of classic PEL. Therefore, the
clinical manifestations of PEL range from classic
PEL to extracavitary KSHV-associated solid lym-
phoma (solid PEL). Apart from their clinical pre-
sentation, solid PEL is virtually identical
morphologically, immunophenotypically, and
genetically to classic PEL. This identity is further
substantiated by gene expression profiling derived
observations and on protein expression profiles as
revealed by proteomic analysis of the PEL
secretome (Carbone et al. 2010; Gloghini
et al. 2014).

Recently, an early variant of solid PEL has
been reported. It may occur, though infrequently,
as a germinocentric solid microlymphoma (Fend
et al. 2012).

Clinical Features

• Incidence
PEL together with PCNSL and PBL are a
minor fraction (about 7–8%) of diffuse large
B-cell lymphomas (DLBCL) which represent
about 70% of the HIV-associated lymphomas.

• Age
Age of lymphoma occurrence is dependent on
the age of HIV-infection; usually young people
are affected.

• Sex
Predominantly males.

• Site
During its entire clinical course, the classic
PEL tends to remain localized to the serous
body cavities. Pathologically the basic feature
of these lymphomas is a strong predilection

for diffuse spreading along the serous mem-
branes without infiltrative or destructive
growth patterns. Extracavitary KSHV-
associated solid lymphoma involves mainly
extranodal tissues, such as the lower gastro-
intestinal tract, lung, or skin and may infre-
quently also be present with nodal
involvement.

• Treatment
Combination of cARTwith supportive therapy
and chemotherapy treatment.

• Outcome
The prognosis of PEL remains poor despite the
use of cART and chemotherapy. There is,
therefore, an urgent need to develop new
therapeutics.

Macroscopy

The classic form of PEL tends to remain localized
to serous body cavities. As seen at autopsy or by
computed tomography scan, PEL presents as
irregularly thickened serous membranes with
multiple small tumor foci. Extracavitary KSHV-
associated solid lymphoma involves mainly extra-
nodal tissues forming tumor masses.

Microscopy

Tumor cell appearance can range from large cells
showing anaplastic morphology to large cells with
immunoblastic or plasmablastic morphology.
Usually PEL shows features bridging
immunoblastic and anaplastic large-cell lympho-
mas, and frequently displays a certain degree of
plasma cell differentiation (Fig. 1).

Immunophenotype

PEL is of B-cell neoplasm
PEL cells commonly express CD45, but lack

pan-B-cell markers as well as surface and cyto-
plasmic immunoglobulin. Activation and plasma
cell markers such as HLA-DR, CD30, CD38,
Vs38c, CD138, and EMA are often expressed.
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Primary Effusion Lymphoma (PEL), Fig. 1 CRO-AP/5
cell line-derived from a classic primary effusion lymphoma
(PEL). (a) Morphologically PEL shows features bridging
immunoblastic and anaplastic large cell lymphomas,
and frequently displays a certain degree of plasma
cell differentiation. (b) Immunocytochemical staining
for ORF73/LANA is the standard assay to detect evidence
of KSHV. (c) EBER in situ hybridization demo-
nstrates that PEL tumor cells are infected by Epstein Barr
Virus (EBV). (d–f) Immunohistochemical expression
of proteins shared by PEL secretomes. CRO-AP5 cell

lines were strongly positive for (d) moesin (MOES),
(e) high mobility group protein B1 (HMGB1), and
(f) stathmin (STM1). All tumor cells were stained.
The staining pattern was membranous for (d) MOES,
(e) nuclear for HMGB1, and (f) membranous and
cytoplasmic for STMN1. Abbreviations: EBER
Epstein–Barr RNA, KSHV Kaposi sarcoma Herpesvirus,
LANA latent nuclear antigen-1. (a) Haematoxylin-eosin
stain; (b, d–f) immunohistochemistry, hematoxylin
counterstain; (c) Bright field in situ hybridization, Red
counterstain
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PELs usually lack T/NK cell antigens, although
aberrant expression of T-cell markers may occur
(Said and Cesarman 2017).

Molecular Features

A defining property of PEL is its consistent asso-
ciation with KSHV infection, and in most cases
Epstein Barr virus (EBV) coinfection (Fig. 1). The
diagnosis of PEL is made by immunohistochem-
istry for ORF73/latent nuclear antigen (LANA)
(Fig. 1), which detects KSHV in practically all
lymphoma cells.

PEL exhibits clonal immunoglobulin gene
rearrangements.

Furthermore, the immunoglobulin genes contain
somatic hypermutations. However, PEL tumor cells

do not contain structural alterations in oncogenes or
tumor suppressor genes. Based on gene expression
profiling, the neoplastic cells exhibit a
“plasmablastic” profile (Carbone et al. 2014).

By applying proteomics techniques to analyze
PEL secretome, it has been shown that PEL
secretomes were enriched in proteins specifically
involved in inflammation/immune response (e.g.,
HMGB1, GRAA, and PCBP2), growth/cell cycle
(e.g., LEG1, STMN1, and S10A6), and in mRNA
processing (e.g., ANM1, PCBP2), in addition to
structural/matrix proteins (e.g., EZRI, MOES) and
proteins with enzymatic activity (e.g., CATA and
GSTK1). Importantly, proteins involved in catalytic
activity and cell–cell and cell–microenvironment
interaction that might be relevant for PEL pathogen-
esiswere identified in secretomes of all PEL-derived
cell lines (Gloghini et al. 2014) (Fig. 1).

Primary Effusion Lymphoma (PEL), Fig. 2 Involve-
ment by early solid primary effusion lymphoma. The com-
posite figure shows (a) a neoplastic nodule consisting of
(b) MUM1 expressing tumor cells. (c–d) Neoplastic cells
display coinfection by Epstein–Barr virus and Kaposi

sarcoma-associated herpesvirus. (a) Hematoxylin-eosin
stain; (b, c) Immunohistochemistry, Hematoxylin counter-
stain; (d) EBER bright field in situ hybridization,
Haematoxylin counterstain
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Differential Diagnosis

Classic PEL needs to be differentiated from lym-
phomas complicated by effusions, the so-called
secondary lymphomatous effusion. Secondary
lymphomatous effusions closely mimic pheno-
typic and genotypic features of the corresponding
tissue-based lymphoma from which they derive
and are consistently devoid of KSHV infection.

Recently, an early variant of extracavitary KSHV
positive solid lymphoma has been reported (Fig. 2).
It may occur, though infrequently, as a
germinocentric solid neoplasia. Within affected
lymph nodes, neoplastic follicles are recognizable
within a background of follicular hyperplasia. The
neoplastic follicles are recognizable because they
are composed of large cells that display
plasmablastic/immunoblastic features. These cells
express immunohistological positivity for MUM1
and CD138, but not for CD20. Neoplastic cells are
coinfected by both KSHV and EBV. Therefore, an
indisputable diagnosis of early extracavitary KSHV
positive solid lymphoma should include the demon-
stration of KSVH and EBV coinfection (Fig. 2).
Early extracavitary KSHV positive solid lymphoma
is usually associated with MCD. Then, the differen-
tial diagnosis should especially include the so-called
MCD-associated “plasmablastic microlymphoma.”
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Primary Mediastinal (Thymic)
Large B-cell Lymphoma

Gabriel K. Griffin and Scott J. Rodig
Department of Pathology, Brigham and Women’s
Hospital, Boston, MA, USA

Synonyms

Mediastinal large B-cell lymphoma; Mediastinal
lymphoma of clear cell type

Definition

Primary mediastinal large B-cell lymphoma
(PMBL) is a large cell lymphoma of thymic med-
ullary B-cell origin that exhibits clinicopathologic
and molecular features that are more similar to
classical Hodgkin lymphoma (CHL) than conven-
tional diffuse large B-cell lymphoma (DLBCL).
PMBL typically occurs in younger patients,
shows a female predominance, and demonstrates
characteristic genetic and immunophenotypic
features related to activation of the NF-KB
and JAK-STAT pathways. In addition, PMBL
shows frequent structural alterations of chromo-
some 9p24 leading to upregulation of the immu-
noregulatory proteins PD-L1 and PD-L2. Due
to these unique features, PMBL is considered
as a distinct diagnostic category within the
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World Health Organization (WHO) Classification
of Tumors of Hematopoietic and Lymphoid
Tissues.

Clinical Features

• Incidence
PMBL comprises approximately 2–4% of inci-
dent non-Hodgkin lymphomas.

• Age
PMBL typically arises in younger patients with
a median onset of approximately 35–40 years
of age.

• Sex
PMBL shows a female predominance with a
male-to-female ratio of approximately 1:2–3.

• Site
PMBL arises in the thymus and usually pre-
sents as a bulky anterior mediastinal mass
(often greater than 10 cm in size), which can
be associated with airway compromise and
superior vena cava syndrome. PMBL can
show direct invasion of adjacent organs,
including the pericardium, pleura, lung, and
chest wall. Extrathoracic dissemination is
uncommon but can be seen in some cases,
particularly at the time of relapse.

• Treatment
Standard-of-care first-line treatment of
PMBL involves multi-agent chemo-
immunotherapy with anti-CD20-containing
regimens, similar to those used for aggressive
large B-cell lymphomas, including R-CHOP
and DA-EPOCH-R. Consolidative radiother-
apy was historically used in many patients,
although the benefits of this treatment may be
partially counterbalanced by long-term toxic-
ities. The use of end-of-therapy PET scanning
may allow the identification of patients who
benefit from adjuvant radiotherapy. The use of
DA-EPOCH-R is currently favored at many
centers given the high rate of complete meta-
bolic response with this regimen without radio-
therapy. Traditional salvage approaches used
for DLBCL (e.g., R-ICE followed by autolo-
gous stem cell transplantation) and now anti-
CD19 CAR-T cells are utilized in PMBL for

patients with relapsed/refractory disease. In
addition, clinical trials with anti-PD-1 immune
checkpoint blockade have yielded promising
results for patients with relapsed/refractory
PMBL, which has led to recent FDA approval
for the use of pembrolizumab in this setting.

• Outcome
In retrospective analyses, PMBL patients
treated with R-CHOP have shown 5-year over-
all survival rates of approximately 80%, which
compares favorably to conventional DLBCL.
The rate of primary induction failure in PMBL,
however, ranges from approximately 10% to
20% and is more common in patients with
high-risk features, including advanced patient
age, clinical stage, and International Prognos-
tic Index (IPI). In patients with relapsed/refrac-
tory disease, approximately two-thirds will
eventually die from disease progression
despite salvage therapy, which highlights the
need for novel treatment modalities, including
immune checkpoint therapy, in this setting.

Macroscopy

Gross examination plays a limited role in the
pathologic evaluation of PMBL as initial diag-
nosis is usually rendered on the basis of core
needle or excisional biopsy material. In cases
where a surgical resection is performed, macro-
scopic changes in PMBL are non-specific and
can show varying degrees of fibrosis, necrosis,
and hemorrhage. Gross invasion of nearby
organs, including the pleura, lungs, and pericar-
dium, can be seen.

Microscopy

Microscopic features of PMBL are somewhat
overlapping with DLBCL and typically include
a diffuse infiltrate of atypical large lymphoid
cells with round to ovoid nuclei, vesicular to
finely dispersed chromatin, inconspicuous
nucleoli, and moderate to abundant amounts
of pale eosinophilic to clear cytoplasm. Some
cases show occasional large, multi-lobate cells
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with conspicuous nucleoli, reminiscent of Hodg-
kin/Reed-Sternberg cells. Stromal changes in
PMBL classically show “compartmentalizing
alveolar fibrosis,” which is characterized by
thin fibrous bands interspersed between nests of
tumor cells. This feature is not always promi-
nent, however, particularly on small biopsies,
and is not required for the diagnosis. Dense
bands of fibrosis, akin to that seen in CHL, can
also be seen in a minority of cases. Necrosis is
often present.

Immunophenotype

PMBL shows diffuse expression of CD45/LCA
and mature B-cell antigens (including CD20
(Fig. 1a)), CD19, CD79a, and strong PAX5).
Despite expression of multiple B-cell receptor-
associated proteins, PMBL is typically negative
for surface immunoglobulin, which is an unusual
feature among mature B-cell lymphomas. CD30 is
positive in the majority of cases but typically shows
a weak, heterogeneous staining pattern (Fig. 1b)
that contrasts with the strong expression pattern
typically seen in CHL. CD15 expression can also
be seen in a subset of cases, as in CHL. The
majority of cases of PMBL show a “non-germinal
center” immunophenotype, including positivity
for IRF4/MUM1 and negativity for CD10.
BCL2, BCL6, and CD23 are positive in the majo-
rity of cases. MYC is positive (greater than 40%
of tumor cells) in a minor subset of cases.
Additional markers (Fig. 1c, 1d) including
TRAF1, nuclear cREL, MAL, and CD200 are pos-
itive in the majority of cases of PMBL. When used

in combination, these markers have demon-
strated utility in discriminating PMBL (Fig. 1)
from secondary mediastinal involvement by
DLBCL. Although not specific for PMBL, over-
expression of PD-L1 and/or PD-L2 protein is often
seen in the majority of cases of PMBL and ranges
from small subset to diffuse positivity (Fig. 1e, 1f).
In situ hybridization for Epstein-Barr virus-
encodedRNA (EBER) is usually negative although
rare EBV-positive cases of PMBL have been
reported.

Molecular Features

Gene expression profiling studies have shown that
PMBL is characterized by activation of IL-13,
JAK/STAT, and TNF/NF-KB pathways, features
that are more similar to CHL than conventional
DLBCL. Consistent with these findings, alter-
ations in SOCS1, PTPN1, TNFAIP3, IL4R,
STAT6, JAK2, and REL have all been observed
in PMBL, which lead to activation of the
JAK/STAT and NF-KB pathways. In addition,
structural alterations of CD274 (PD-L1) and
PDCD1LG2 (PD-L2) on chromosome 9p24 are
present in the majority of cases of PMBL and lead
to upregulation of PD-L1 and/or PD-L2 protein.
Alterations in antigen presentation machinery,
including B2M, the MHC I/II loci on chromosome
6q21, and CIITA on chromosome 16p13, have
also been noted in many cases of PMBL. Notably,
structural alterations commonly observed in
conventional DLBCL, including rearrangements
of BCL2, BCL6, and MYC, are unusual
in PMBL.

Differential Diagnosis

The histologic differential diagnosis of PMBL
includes secondary mediastinal involvement by
DLBCL; mediastinal involvement by B-cell lym-
phoma, unclassifiable, with features intermediate
between diffuse large B-cell lymphoma and classic
Hodgkin lymphoma (so-called mediastinal “gray
zone” lymphoma, MGZL); and involvement by
classic Hodgkin lymphoma. In most cases,
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Hodgkin-like features are lacking, and the leading
differential diagnostic consideration is secondary
mediastinal involvement by DLBCL. Accurate dis-
tinction between these two entities is important
whenever possible due to the differences in the
therapeutic management of these patients, both at
diagnosis (where some centers favor EPOCH-R to
R-CHOP for PMBL) and in the relapsed/refractory
setting (where PD-1 blockade with pembrolizumab
is now FDA approved for PMBL but not DLBCL).
Although definitive classification can be challeng-
ing, particularly on small core biopsy specimens,
careful review of the clinical, radiologic, morpho-
logic, and immunohistochemical findings can per-
mit differentiation of PMBL from DLBCL and
other mimics in most cases. In general, isolated
mediastinal involvement with characteristic mor-
phology (including compartmentalizing alveolar
fibrosis) and convincing positivity for at least two
additional markers including TRAF, nuclear c-REL,
CD200, and MAL favor classification as PMBL
versus DLBCL. Of these markers, CD200 is con-
sidered the most sensitive for PMBL and is positive
in more than 90% of cases. In addition, the combi-
nation of positivity for both TRAF1 and nuclear
c-REL is considered highly specific for PMBL rel-
ative toDLBCL.While consideration of clinical and
radiologic features is an essential component of

distinguishing PMBL from DLBCL, the presence
of extra-mediastinal disease does not exclude a
diagnosis of PMBL, just as the lack of overt extra-
mediastinal disease (in an incompletely staged
patient) does not exclude a diagnosis of systemic
DLBCL. In the minority of cases that do contain
Hodgkin-like features, the differential diagnosis of
MGZL or CHL can also be considered. Distinction
of PMBL fromMGZL can be particularly challeng-
ing considering the broad clinical, radiologic, and
immunophenotypic overlap between these two enti-
ties. MGZL, however, tends to show a greater
degree of cytologic pleomorphism than PMBL and
often includes some areas that closely resemble
CHL and others that more closely resemble
DLBCL. PMBL, by contrast, can show scattered
admixed Hodgkin-like cells but does not usually
contain broad areas resembling CHL. Differentia-
tion of PMBL from CHL (including syncytial vari-
ants) can typically be accomplished by morphology
and immunohistochemical findings, which reveal
PMBL to be strongly positive for PAX5 and CD20
with only heterogeneous expression for CD30.
Importantly, the use of TRAF1, nuclear c-REL,
MAL, and CD200 is not advised for the differential
diagnosis of PMBL with MGZL or cHL due to the
potential for immunophenotypic overlap between
these entities. In truly ambiguous cases where
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competing diagnoses cannot be definitively
excluded on histologic grounds, then a diagnosis
of “large B-cell lymphoma” with an explanatory
note listing the differential diagnostic considerations
is most appropriate.
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Primary Myelofibrosis (PMF)
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Molecular Pathology, University Clinic
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Synonyms

Agnogenic myeloid metaplasia (AMM); Chronic
idiopathic myelofibrosis (CIMF); Myelofibrosis
with myeloid metaplasia

Definition

Primary myelofibrosis (PMF) is a clonal myelo-
proliferative neoplasm (MPN) characterized by a
stepwise evolution from an initial prefibrotic/early
phase (prePMF) characterized by a hypercellular
BM with absent or minimal reticulin fibrosis to a
fibrotic phase with marked reticulin or collagen
fibrosis in the BM, and often osteosclerosis
(Table 1). The initial stage of disease often is
presenting with a marked thrombocytosis which
clinically might mimic ET, but without sign of
myeloid metaplasia. Fibrotic stages of PMF are
clinically characterized by splenomegaly and
leukoerythroblastosis in the blood with occur-
rence of teardrop-shaped red cells. One of the
hallmarks of PMF is a proliferation of predomi-
nantly megakaryocytes and granulocytes in the
bone marrow that in fully developed fibrotic dis-
ease stages is associated with hepatosple-
nomegaly, leukoerythroblastosis in the peripheral
blood, cytopenias, teardrop-shaped red cells,
extramedullary hematopoiesis, increased marrow
microvessel density, and constitutive mobilization
of CD34+ hematopoietic progenitors and stem
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cells as well as endothelial progenitor cells into
the peripheral blood.

The striking variability in the hematological
findings of patients with PMF at the first time of
presentation is paralleled by corresponding bone
marrow features that may very initially present a
hypercellular BM without or with only slight
reticulin myelofibrosis. Therefore, overt myelofi-
brosis is not a necessary diagnostic feature of this
MPN subtype. However, in the overt stage, pro-
found marrow fibrosis is a response to the clonal
proliferation of hematopoietic stem cells. Colla-
gen type 3, also known as reticulin, and collagen
type 1 are the predominant extracellular compo-
nents of marrow fibrosis in PMF. These matrix
components are produced by marrow fibroblasts
that do not belong to the malignant clone. This
deposition of collagen is a result of the release of
fibrogenic cytokines by abnormal megakaryo-
cytes and monocytes derived from the malignant
stem cell population. However, bone marrow
fibrosis is not unique to PMF and may be second-
ary to many other conditions.

Clinical Features

• Incidence
The reported annual incidence of PMF is esti-
mated at 0.5–1.5 per 100,000 individuals per
year. Disease onset is most commonly in the
sixth to seventh decade of life, but rarely chil-
dren may be affected.

• Clinical Presentation
In the initial prefibrotic phase of PMF, the only
relevant hematological finding may be
sustained thrombocytosis mimicking ET but
no significant anemia and/or splenomegaly. In
the overt stages of the disease, extramedullary
hematopoiesis in the spleen is a common find-
ing; however, the liver, lymph nodes, and other
organs or soft tissue are other possible sites.
Early stages of PMF with only mild increase in
reticulin (fibrosis grades MF-0 or MF-1) may
not be recognized by clinical features alone,
and thus a significant number of these patients
are asymptomatic at time of first diagnosis and
fortuitously discovered by detection of an

Primary Myelofibrosis (PMF), Table 1 WHO diagnostic criteria for early stage/prefibrotic and overt PMF

prePMF Overt PMF

Major criteria
1. Megakaryocytic proliferation and atypia, without
reticulin fibrosis >grade 1 and accompanied by increased
age-adjusted bone marrow cellularity, granulocytic
proliferation, and often decreased erythropoiesis
2. Not meeting WHO criteria for ET, PV, BCR-ABL1+
CML, myelodysplastic syndromes, or other myeloid
neoplasms
3. Presence of JAK2, CALR, or MPL mutation or, in the
absence of these mutations, presence of another clonal
markera or absence of minor reactive myelofibrosisb

Major criteria
1. Presence of megakaryocytic proliferation and atypia,
usually accompanied by either reticulin and/or collagen
fibrosis grades 2 or 3
2. Not meeting WHO criteria for ET, PV, BCR-ABL1+
CML, myelodysplastic syndromes, or other myeloid
neoplasms
3. Presence of JAK2, CALR, or MPL mutation or, in the
absence of these mutations, presence of another clonal
markera or absence of reactive myelofibrosisb

Minor criteriac

(a) Anemia not attributed to a comorbid condition
(b) Leukocytosis �11 � 109/L
(c) Palpable splenomegaly
(d) LDH increased to above upper normal limit of
institutional reference range

Minor criteriac

(a) Anemia not attributed to a comorbid condition
(b) Leukocytosis �11 � 109/L
(c) Palpable splenomegaly
(d) LDH increased to above upper normal limit of
institutional reference range
(e) Leukoerythroblastosis

Diagnosis of prePMF requires meeting all three major
criteria and at least one minor criteria

Diagnosis of overt PMF requires meeting all three
major criteria and at least one minor criteria

aIn the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying mutations (ASXL1,
EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1) is of help in determining the clonal nature of the disease
bBone marrow fibrosis secondary to infection, autoimmune disorder or other chronic inflammatory condition, hairy cell
leukemia or other lymphoid neoplasm, metastatic malignancy, or toxic (chronic) myelopathies
cConfirmed in two consecutive determinations
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increased serum level of LDH and marginal
splenomegaly during a routine physical exam-
ination and/or presence of borderline anemia,
leukocytosis, and/or thrombocytosis in routine
blood counts.

• Outcome
Patients with overt stage of PMF have a
median survival of less than 5 years; however,
newer targeted treatment strategies like JAK2-
inhibitor therapy could demonstrate a signifi-
cant survival benefit. In general, younger
patients may experience longer survival. How-
ever, the overall prognosis significantly
depends on the stage in which PMF is firstly
diagnosed. Adverse prognostic factors gener-
ally include higher age (>65 years), anemia
(Hb <10 g/dL), leukocyte count greater than
25 � 109/L, presence of circulating blast cells,
thrombocytopenia (platelet count<100� 109/
L), abnormal karyotype, and a high molecular
risk status with additional somatic mutations.
Major causes of death are represented by the
sequelae of portal hypertension or hepatic-
splenoportal thrombosis, thromboses in vari-
ous anatomic sites, heart failure due to splenic
pooling, infections, pulmonary hypertension,
bleeding caused by thrombocytopenia, or
hemostatic defects. Terminal leukemic trans-
formation is seen in about 5–30% of cases as
part of the natural history.

Microscopy

Initial Prefibrotic Stage of Primary
Myelofibrosis (prePMF)
Histopathology of BM biopsy samples in prePMF
reveals a hypercellularity (age-matched) by a
prominent neutrophil granulocytic and megakar-
yocytic proliferation often associated with a con-
comitant reduction of nucleated red cell
precursors in the absence of relevant BM fibrosis
(Fig. 1, Table 2). Therefore, the demonstration of
reticulin fibrosis, although characteristic, is not a
required criterion for the diagnosis of PMF. The
megakaryocytes in PMF are characterized by a
more pronounced degree of cytological atypia
(megakaryocytic maturation defects) than in any

other MPN, particularly ET. Significant anomalies
of megakaryocytes include a high degree of cel-
lular pleomorphism with variations in size that
range from small to giant forms and abnormal
nuclear foldings and an aberration of the nuclear
cytoplasmic ratio created by large bulbous and
hyperchromatic cloud-like shaped nuclei. Apart
from their disorganized nuclear lobulation, there
are many so-called naked (bare) megakaryocytic
nuclei observable. In addition, extensive cluster-
ing of megakaryocytes with loose to dense group-
ings with abnormal localization toward the
endosteal borders is seen (Figs. 2 and 3). There
may be a mild left shift in granulopoiesis, but
usually metamyelocytes, bands, and segmented
forms predominate. Myeloblasts are not increased
in percentage, and conspicuous clusters of blasts
or of CD34+ progenitors are not observed.
Increased vascular proliferation is usual in the
bone marrow, and lymphoid nodules are found
in about 20–30% of cases. It must be kept in
mind that early stages of disease with only bor-
derline to mild increase in reticulin may not be
recognized and discriminated from ET by clinical
features alone, and therefore careful evaluation of
bone marrow morphology including assessment
of megakaryocytic dysplasia is key for the differ-
ential diagnosis of cases with accompanying
thrombocytosis (Fig. 4).

Overt (Classical) Primary Myelofibrosis
Advanced stages of PMF are consistent with clas-
sical myelofibrosis with myeloid metaplasia. The
clinical picture of overt PMF includes a leukoery-
throblastic peripheral blood smear with teardrop
poikilocytosis, splenomegaly, and anemia of
varying degree. BM cellularity may be variable
and often patchy separated by adipose tissue or
grossly developed fibrosis generating a streaming
effect. Neutrophil granulopoiesis as well as eryth-
ropoiesis are usually reduced in areas revealing
still existing hematopoiesis. Foci of immature
cells may be more prominent, although myelo-
blasts account for fewer than 10% of the marrow
cells. Similar, but often more pronounced com-
pared to the early stages, abnormalities of mega-
karyocytes are prevalent including a prominent
clustering and deployment along the dilated

432 Primary Myelofibrosis (PMF)



large BM vessels or together with other precursors
an intraluminal dislocation. An overtly expressed
myelofibrosis displaying a tight network of
reticulin and dense bundles of collagen fibers is
recognizable, often associated with initial to gross
osteosclerosis conforming with grades 2 and 3 of
the WHO-adopted scoring system (Figs. 5 and 6).
Progression of myelofibrosis is significantly asso-
ciated with a significant alteration of the vascular
architecture including not only a remarkable
increase in quantity of the microvasculature but
also a conspicuous sinusoidal dilatation and tor-
tuosity. Within the dilated marrow sinusoides, an
intraluminal hematopoiesis including atypical
megakaryocytes is in most cases a prominent
finding. Profound marrow fibrosis is a response
to the clonal proliferation of hematopoietic stem

cells. Collagen type 3, also known as reticulin,
and collagen type 1 are the predominant extracel-
lular components of marrow fibrosis in PMF.

Rarely the BM is almost devoid of hematopoi-
etic cells in these cases, showing mainly dense
reticulin or collagen fibrosis with small islands of
hematopoietic precursors situated mostly within
the vascular sinusoids. In osteosclerotic terminal
phase of PMF, the marrow space is progressively
replaced by broad, irregular trabeculae and appo-
sitional bud-like endophytic new bone formation.
Increase in blood and/or marrow blasts (<20%) as
well as in numbers of CD34+ cells with cluster
formation and/or an abnormal endosteal location
in the marrow indicates an accelerated phase of the
disease, whereas 20% or more blasts is considered
as blastic transformation, i.e., acute leukemia.

Molecular Features

Approximately 50–60% of patients present with a
JAK2V617F or a functionally similar mutation, in
about 30% cases CALR are visible, and in 8%MPL
mutation can be found. About 10% of patients are
clonally not defined and therefore labelled as
so-called triple negative. These cases are character-
ized by a detrimental prognosis, whereas CALR-
positive patients, specifically CALR type-1/like
mutations, generally exert a favorable prognosis.
The presence of either del(13)(q12-22) or der(6)t
(1;6) (q21-23;p21.3) is strongly suggestive but not

Primary Myelofibrosis
(PMF), Fig. 1 PrePMF
presenting with
hypercellular BM with
atypical megakaryocyte and
granulocyte proliferation

Primary Myelofibrosis (PMF), Table 2 Key features of
prePMF according to WHO

Increased cellularity (age-matched) with predominant
neutrophil granulopoiesis

Increased megakaryopoiesis, small to large

Atypical histotopography of megakaryocytes

Endosteal translocation

Formation of dense clusters (WHO definition of a
megakaryocyte cluster: 3 or more megakaryocytes lying
strictly adjacent –without other hematopoietic cells lying
in between)

Distinctive nuclear features of megakaryocytes

Hypolobulation (bulbous/cloud-like)

Maturation defects
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diagnostic of PMF. The most common recurring
abnormalities include del (20q), and partial trisomy
1q, although +9 and/or +8 are also reported. Dele-
tions affecting the long arms of chromosomes 7 and
5 occur as well but may be associated with prior
cytotoxic therapy used to treat the myeloprolifera-
tive process. In general, clinical parameters like
hemoglobin <10 g/dL, leukocytes >25 � 109/L,
platelets<100� 109/L, and circulating blasts�2%
are regarded as the most important risk factors for
overall survival; however, recent prognostic data
also identified bone marrow fibrosis grade�2, con-
stitutional symptoms, and high molecular risk
(HMR) genetic mutations as negatively associated
with outcome (ASXLI, SRSF2,EZH2, IDH1, IDH2).

Primary Myelofibrosis (PMF), Fig. 3 Megakaryocytes
in PMF generally are characterized by hypolobulated
nuclei (bulbous/cloud-like). Granulopoiesis is increased
and left-shifted

Primary Myelofibrosis (PMF), Fig. 2 PrePMF with
atypical clustering of megakaryocytes

Primary Myelofibrosis (PMF), Fig. 4 PrePMF with
only minimal increase in bone marrow reticulin (MF-1)

Primary Myelofibrosis (PMF), Fig. 5 Overt stage of
PMF presenting with hypocellular bone marrow. Promi-
nent osteosclerosis and atypical megakaryocytes

Primary Myelofibrosis (PMF), Fig. 6 Overt stage of
PMF with marked bone marrow fibrosis (MF-3) and new
bone formation (osteosclerosis)
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Differential Diagnosis

In early phase of PMF, i.e., prePMF, which might
present with high platelet counts at onset, the distinc-
tion of other MPN subtype is of therapeutic impor-
tance. In these early stages, the careful evaluation of
megakaryocyte morphology is key to exclude ETor
even PV. As a prominent bone marrow fibrosis may
be observed in other hematological malignancies
like lymphomas or bone marrow involvement in
carcinomas, the presence of an MPN-associated
driver mutation supports the diagnosis of PMF.
Detection of characteristic JAK2, CALR, or MPL
driver mutations will distinguish anMPN from reac-
tive conditions, although not all cases of PMF
express one of these major clonal markers. In the
absence of mutations in any of these genes, clonality
should be confirmed whenever possible.
The identification of other mutations frequently
associated with myeloid neoplasms (e.g., ASXL1,
EZH2, TET2, IDH1, IDH2, SRSF2, SF3B1) can be
useful to confirm the presence of clonal hematopoi-
esis. However, acquired clonal mutations including
some of thosementioned above can also occur in the
hematopoietic cells of apparently healthy aged indi-
viduals without a myeloid neoplasm. Cytogenetic
abnormalities occur in up to 30% of patients and
can be useful in confirming clonality. Secondary
transformations to manifest overt stage myelofibro-
sis may also occur in PV and rarely also in ET;
therefore the clinical history of the patient is impor-
tant. Performing testing for BCR/ABL gene
rearrangements is important to exclude chronicmye-
logenous leukemia which can also present with a
significant increase in bone marrow fibers in some
cases. Cases with prominent cytopenia and/or
accompanying significant myelodysplastic changes
should be better categorized as myelodysplastic/
myeloproliferative neoplasm (MDS/MPN).
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Rosai-Dorfman Disease
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Synonyms

Rosai-Dorfman-Destombes disease (RDD); Sinus
histiocytosis with massive lymphadenopathy

Definition

Rosai-Dorfman disease (RDD) is a rare nodal or
extranodal disorder defined by an accumulation of
atypical histiocytes exhibiting emperipolesis,
admixed with other hematopoietic elements, par-
ticularly, plasma cells and lymphocytes. The dis-
ease was established as a distinct clinical entity by
Juan Rosai and Ronald Dorfman in two publica-
tions in 1969 and 1972 (Rosai and Dorfman 1969,
1972). Although “sinus histiocytosis with mas-
sive lymphadenopathy” (SHML) was the original
name proposed by Rosai and Dorfman, the
eponym “Rosai-Dorfman disease” (RDD) was
later used to refer to the extranodal manifestations
of this disease. Both names are currently used
interchangeably. Rosai and Dorfman also
established an SHML registry, which allowed
them to collect and study 423 cases and their

clinicopathologic characteristics in 1990 (Foucar
et al. 1990). More recently, RDD has been shown
to be associated with various immune diseases
and neoplasia as well as inherited, familial genetic
conditions. Given the heterogeneity of RDD in
both localization and various clinical contexts,
the Histiocyte Society has recommended that
“classic” Rosai-Dorfman disease involving a sin-
gle lymph node or regional lymph nodes be dis-
tinguished from extranodal RDD and RDD-like
features seen in association with other conditions
(Emile et al. 2016).

Clinical Features

• Incidence
The incidence of RDD is unknown, but occurs
more frequently in men and individuals of
African descent. RDD has been found in asso-
ciation with several immune disorders (e.g.,
SLE, idiopathic juvenile arthritis, autoimmune
hemolytic anemia, HIV), IgG4 syndrome, and
various types of neoplasia (e.g., postleukemia,
postlymphoma, Langerhans cell histiocytosis
(LCH), Erdheim-Chester disease (ECD)).
While the majority of RDD cases are believed
to be sporadic, two inherited conditions have
been shown to predispose to RDD or RDD-like
lesions. Specifically, 20% of patients with
H (Faisalabad) syndrome and 41% of patients
with autoimmune lymphoproliferative
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syndrome (ALPS) develop features consistent
with RDD (Foucar et al. 1990; Emile
et al. 2016) (Table 1).

• Age
RDD can occur at any age; however, there is a
tendency for classic or nodal disease to present
in younger individuals in their second or third
decades of life and extranodal disease, partic-
ularly at CNS, skin, and soft tissue sites, to
present later in life, such as the fifth decade.

• Sex
Slight male predominance (M:F of 3.2).

• Site
Among patients with nodal RDD, the cervical
lymph nodes (87%) are most commonly
involved followed by the inguinal (26%), axil-
lary (24%), and mediastinal (15%) lymph
nodes. Extranodal RDD occurs in 43% of
cases, often involving more than one extra-
nodal site (Foucar et al. 1990). The most fre-
quent sites of extranodal disease are the nasal
cavity, paranasal sinuses, salivary gland, skin,
soft tissue, upper respiratory tract, bone, retro-
orbital tissue, or CNS. While extranodal dis-
ease typically presents with concurrent lymph

node involvement, extranodal disease can
occur in the absence of any nodal disease or
nodal disease may develop later in the clinical
course. Specifically, intracranial RDD usually
occurs without extracranial localization; how-
ever, the frequency of isolated extranodal
involvement at this site and others is unclear.

• Clinical Presentation
Classic or nodal RDD is clinically character-
ized by painless, massive lymphadenopathy
usually involving the cervical lymph nodes.
Less frequently, the axillary, hilar, peritracheal,
and inguinal nodes are involved. Patients often
experience constitutional symptoms such as
fever, night sweats, fatigue, and weight loss.
Laboratory abnormalities are nonspecific and
can include normochromic or microcytic ane-
mia, polyclonal hypergammaglobulinemia,
hypoalbuminemia, and elevated erythrocyte
sedimentation rate (ESR). While patients with
extranodal disease may experience similar
clinical features to those described above with
simultaneous nodal involvement, constitu-
tional symptoms and lab abnormalities are
less commonly seen in isolated, extranodal
RDD. Extranodal RDD often presents as a
mass with or without secondary complications,
such as compression or organ damage. In fact,
extranodal RDD may be incidentally detected
during routine screening radiography, such as
in a case of extranodal breast RDD detected by
screening mammography. CNS disease will
often show a lymphocytic pleocytosis in the
CSF when there is meningeal involvement.

• Treatment
Most cases of RDD are self-limited and require
no additional treatment. However, in cases in
which the disease is multifocal, systemic or
involving vital organs, such as the liver, upper
airway, or CNS, therapeutic intervention is
required. No standard treatment has been
established and will vary based on site, extent
of disease, and the presence of secondary com-
plications. Surgical debulking is often required
in situations of vital organ compromise as well
as intracranial or orbital involvement by RDD.
Additionally, systemic corticosteroids can be
helpful in reducing nodal size and alleviating

Rosai-Dorfman Disease, Table 1 Types of Rosai-
Dorfman disease (Adapted from Emile et al. 2016)

Familial RDD

Described in association with H (Faisalabad)
syndrome, FAS deficiency, and autoimmune
lymphoproliferative syndrome (ALPS). May be
unassociated with other conditions (familial RDD, not
otherwise specified)

Classical (nodal) RDD

A subset of cases is associated with IgG4-related
disease

Extranodal RDD

Most commonly involve CNS, skin, bone, and less
commonly, single organs. May in addition be associated
with IgG4-related disease; cases of disseminated RDD
have been reported

Neoplasia-associated RDD

Described in association with lymphoma, leukemia,
malignant histiocytoses, Langerhans cell histiocytosis,
and Erdheim-Chester disease

Immune disease-associated RDD

Described in association with systemic lupus
erythematosus, idiopathic juvenile arthritis, autoimmune
hemolytic anemia, and human immunodeficiency virus
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symptoms, such as fevers, tracheal compres-
sion, and bulky organ disease; however, recur-
rence can occur after cessation. While
chemotherapy has yet to show significant
promising results, several chemotherapies
have been used as second-line therapies in
refractory cases. Cladribine, clofarabine,
imatinib, rituximab, methotrexate, oral
6-mercaptopurine, and azathioprine have all
been reported to have some efficacy in treating
widespread, nonresectable, refractory, and/or
relapsing RDD. Radiotherapy can be beneficial
in refractory orbital disease but has shown
minimal utility at other sites. Recent genomic
analysis showed that one-third of RDD cases
harbor mutually exclusive mutations in KRAS
andMAP2K1 genes, raising the possibility that
these are clonal neoplasms that may benefit
from targeted therapy in the future (Garces
et al. 2017).

• Outcome
The clinical course of RDD is unpredictable
and varies from mild to life threatening. While
the majority of RDD cases spontaneously
regress and require no therapeutic intervention,
some cases can have a more severe and pro-
longed course with alternating episodes of
exacerbation and remission. In particular,
cases with more widespread nodal or systemic
disease tend to have a more aggressive clinical
course, often requiring treatment. Features
associated with poor prognosis include simul-
taneous autoimmune disease or neoplasia,
widespread nodal or extranodal involvement,
and involvement of vital organs (e.g., liver,
kidney, and upper respiratory tract). Death
occurs in 5–11% of cases.

Macroscopy

Intranodal disease consists of a single or multiple
enlarged firm lymph nodes often with capsular
and pericapsular fibrosis. When multiple lymph
nodes are involved, they are often matted together
as a conglomerate. Cut surfaces are yellow-white
and granular in appearance. Extranodal disease
can vary grossly depending on the site, but

typically consist of a white-yellow firm mass.
Imaging studies are nonspecific for RDD, but
often mimic malignancy.

Microscopy

RDD is characterized by marked expansion of the
lymph node sinuses by a histiocytic infiltrate. In
early disease, the histiocytic infiltrate is limited to
the sinuses, which subsequently progresses to sub-
total effacement, leaving few or no intact follicles
in more advanced disease stages (Fig. 1a–g). At
low magnification, there is a distinct pattern of
alternating light and dark bands, corresponding to
alternating areas of histiocytic and
lymphoplasmacytic infiltrates. The proliferating
histocytes are large with round to oval nuclei,
small and central appearing nucleoli and abundant,
ill-defined amphophilic to eosinophilic cytoplasm
that can range in quality from granular, wispy to
foamy. The presence of intact hematolymphoid
cells within the cytoplasm, termed
“emperipolesis,” is pathognomonic for RDD.
From most common to least common, lympho-
cytes, plasma cells, neutrophils, and red blood
cells can be found within the cytoplasm of histio-
cytes. Since the cytoplasm of histiocytes is often
ill-defined, S100 immunohistochemistry can aid in
confirming the presence of emperipolesis. Occa-
sionally, the histiocytes will appear atypical with
more irregular or multilobated nuclei and more
prominent or multiple nucleoli. Abundant poly-
clonal plasma cells are often present within histio-
cytic infiltrates. Granulomas have been seen in rare
cases. This diagnosis can be made on fine-needle
aspirate cytology specimens, by identifying stereo-
typical histiocytes exhibiting emperipolesis; how-
ever, it may be difficult to definitely establish a
diagnosis with only a limited sampling.

Extranodal RDD demonstrates inflammatory
infiltrates resembling dilated lymph node sinuses
with similar histologic features to those observed
in nodal RSS described above (Fig. 2a–h). Impor-
tantly, there are often fewer histiocytes and less
robust emperipolesis. Unique features more often
observed in extranodal RDD include prominent
germinal centers, fibrosis, and a more edematous
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background. At skin and soft tissue locations, a
storiform pattern is often observed in areas where
histiocytic and lymphoplasmacytic infiltrates abut
and alternate.

Immunophenotype

Immunohistochemistry for S100 is uniformly
positive in RDD histiocytes and can be useful

in highlighting emperipolesis when difficult to
confirm by H&E. Although RDD histiocytes
express S100 suggestive of a more dendritic
cell lineage, overall, their expression
profiles are believed to be most similar to acti-
vated macrophages. For instance, varying
immunopositivity with macrophage markers,
including CD68, CD163, lysozyme, fascin,
CD14, HLA-DR, MAC-137, alpha-1 anti-
trypsin, and alpha-1 antichymotrypsin, has been

Rosai-Dorfman Disease, Fig. 1 Characteristic features
of Rosai-Dorfman disease involving lymph nodes. (a) An
enlarged cervical lymph node shows subtotal effacement
of normal architecture by massive sinus expansion; (b)
capsular fibrosis with expanded subcapsular sinus; (c)
expanded lymph node sinuses infringing on islands of
residual follicles; (d) collection of histiocytes within

lymph node sinus intermixed with plasma cells and lym-
phocytes; (e) an S100 immunohistologic stain highlights
atypical histiocytes; (f) a characteristic histiocyte demon-
strating the phenomenon of emperipolesis which shows
intact plasma cells and lymphocytes within the cytoplasm;
(g) S100 stain highlights emperipolesis, which is the defin-
ing feature of RDD
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Rosai-Dorfman Disease, Fig. 2 Examples of extranodal
Rosai-Dorfman disease. (a) Whole mount preparation shows
an enucleated orbit involved by RDD in a 50-year-old man of
African descent with multiple cutaneous and subcutaneous
nodules of the face and upper torso; (b) S100 highlights dense
collections of histiocytes within soft tissue of the orbit; (c)
extanodal RDD eroding femoral bone and causing lytic
lesions in a 22-year-old woman; (d) extranodal RDD in a
40-year-old woman with a fibrous mass involving the lung
and pleura and adherent to the aorta and diaphragm; (e)
Central nervous system RDD showing histiocytes with
emperipolesis infiltrating the dura in a 21-year-old man

presenting with left-sided hearing loss, facial numbness, and
paresthesia caused by a mass lesion in the left cerebello-
pontine angle and eroding the floor of the left cranial fossa;
(f) Cutaneous RDD in a 69-year-old Caucasian man showing
large collections of histiocytes with emperipolesis in a back-
ground enriched for plasma cells; (g) and (h) disseminated
presentation of RDD involving the appendix in an 8-year-old
girl with progressive disease over 5 years with massively
enlarged bilateral cervical lymphadenopathy, right inguinal
lymphadenopathy, hemolytic anemia, and polyclonal
gammopathy without hepatosplenomegaly
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reported. Importantly, RDD histiocytes are neg-
ative for CD1a, which is positive in both
Langerhans cell histiocytosis (LCH) and
Erdheim-Chester disease (ECD), as well as
Langerhin/CD207, which is positive in LCH.
Additionally, RDD histiocytes are negative for
cytokeratins and other melanocytic markers,
such as SOX10, HMB-45, and MelanA.

Molecular Features

The cause of RDD remains enigmatic. Histori-
cally, RDD has been considered reactive in
nature and a nonneoplastic, polyclonal disorder.
Specifically, it has been hypothesized that
immune dysregulation secondary to autoimmune
disease, hematological malignancy, or a post-
infectious condition underlies RDD and leads
to the accumulation of activated histiocytes. In
fact, RDD has been reported to concomitantly
occur in patients with immune disorders, IgG4-
related disease, and neoplasia. Several groups
have examined the association between RDD
and Epstein-Barr virus, human herpes virus-6,
and parvovirus B19 in relation to RDD; how-
ever, results are conflicting and no definitive
relationship has been established. A genetic
basis for RDD has only more recently been
investigated. Mutational analysis performed on
a cohort of 21 RDD cases (13 extranodal,
5 nodal, 3 nodal and extranodal sites) identified
mutually exclusive point mutation in either
KRAS or MAP2K1 suggesting the possibility
that at least a subset of RDD cases is clonal in
nature (Garces et al. 2017). In addition, two rare
inherited conditions have been shown to predis-
pose to RDD or RDD-like lesions. Patients with
H (Faisalabad) syndrome, an autosomal reces-
sive genetic condition caused by mutations in the
nucleoside transporter SCL29A3, have been
shown to develop pathologic findings at nodal
and extranodal sites compatible with RDD. In
addition, 41% of patients with autoimmune
lymphoproliferative syndrome (ALPS) type IA
lymphoproliferative syndrome type IA, with

heterozygous germline mutations in the
TNFRSF6 gene encoding FAS, have lymph
node histologic findings (Emile et al. 2016).
Mutations in these genes have not been associ-
ated with sporadic cases of RDD. Further molec-
ular studies are required to better understand and
further subclassify RDD.

Differential Diagnosis

While the differential diagnosis can often be broad
when considering RDD, the characteristic
immunophenotype (S100 positive and CD1a neg-
ative) in combination with identification of prom-
inent emperipolesis is essential to making the
diagnosis. Several histiocytoses resemble RDD,
particularly, ECD and LCH, which are often the
most challenging entities to separate from RDD.
RDD can be distinguished from ECD and LCH by
identifying large S100-positive, CD1a-negative
histiocytes with emperipolesis. RDD can also
resemble nonspecific sinus hyperplasia, infectious
processes, such as histoplasmosis, tuberculosis,
and leishmaniasis, as well as other reactive pro-
cesses such as sinus histiocytosis induced by a
metal prosthetic joint replacement. At extranodal
locations, Langerhans sarcomas and histiocytic
sarcomas occasionally contain RDD-like cells
with emperipolesis; however, the cells are not as
prominent or abundant as in RDD. Other differ-
ential diagnoses to consider include inflammatory
myofibroblastic tumor, rhinoscleroma, and
xanthomas. Recent studies have reported an
increase in the number of immunoglobulin G4
(IgG4)-positive plasma cells in the setting of
RDD, suggesting a possible association with
IgG4-related disease. While the relationship
between these two processes is currently
unknown, if there is clinical and histologic con-
cern for IgG4-related disease, further workup
should be considered. Lastly, it is important to
consider metastatic melanoma in the differential,
which also display S100 positivity, but are nega-
tive for macrophage markers and positive for
HMB-45, MelanA, and SOX10.
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Synonyms

Inflammatory pseudotumor of the spleen

Definition

In 2004, Martel et al. reported 25 cases of a unique
distinctive lesion of the spleen, constituted by
multiple nodules realizing a single mass in the
center of the organ. These well-circumscribed
lesions show a peculiar vascular pattern, with a
distinctive immunophenotype profile and a
benign evolution. They propose the term scleros-
ing angiomatoid nodular transformation (SANT)

of the spleen red pulp. A few years later, we
published another series of 16 cases of patients
(Diebold et al. 2008), presenting the same lesions
in the spleen, which have been often diagnosed
before as inflammatory pseudotumor (IPT).

It can be postulated (Martel et al. 2004) that
this peculiar transformation of the red pulp of the
spleen may represent an exaggerated response of
stromal proliferation to a disruption of the small
vascular outflow tracts leading to hyperplasia of
the proximal vascular bed, with nodular changes
and fibrosis.

The lesions of the centers of angiomatoid nod-
ules resemble more or less the pattern of granula-
tion tissue developing during wound healing or
various hyperplasic reactions including
botryomycoma and epulis in other tissues than
spleen or during the organization of vascular
thrombosis, particularly in veins (e.g., what has
been called initially “vegetating intra vascular
hemangio-endothelioma” by Pierre Masson) or
what happens after chronic lymph stasis leading
to vascular transformation of lymph nodes sinuses
(Martel et al. 2004; Diebold et al. 2008).

Another hypothesis has been discussed: the
possible evolution and transformation of a previ-
ous hamartoma also called splenoma (Martel et al.
2004; Falk et al. 2012).

Recent data show some possible relationship
with infectious diseases, particularly EBVinfection
of myofibroblasts or with IgG4-related diseases.

© Springer Nature Switzerland AG 2020
T. J. Molina (ed.), Hematopathology, Encyclopedia of Pathology,
https://doi.org/10.1007/978-3-319-95309-0

https://doi.org/10.1007/978-3-319-95309-0


Clinical Features

Many cases are silent, and the incidental discovery of
a splenomegaly or of amass in the spleen by imaging
techniques is often the first step to the diagnosis.

Other patients complain of abdominal pain
(Diebold et al. 2008; Falk et al. 2012; Wang et al.
2012) or discomfort. Sometimes an anemia, a pan-
cytopenia, or a von Willebrand disease is disclosed.
Fever, hyperleukocytosis with polynucleosis, and
raised erythrocyte sedimentation rate lead to the
search of an infection (e.g., cases associated with
pyelonephritis or paramyxovirus 19 infection have
been reported).

Some cases associated with various malignan-
cies such as myeloproliferative neoplasms,
B-CLL, and carcinomas (colic, stomach, kidney,
lung) have been observed.

• Incidence
The incidence seems to be very low. For exam-
ple, the 16 cases we reported (Diebold et al.
2008) have been collected in our department
and specialized in spleen diseases between
1972 and 2007. But, data are not available
today for a precise appreciation of the real inci-
dence, 42 cases published at the time of our
report, more than 100 cases today (Bagul and
Sten 2015; Gaeta et al. 2017).

• Age
All the patients reported in the two main series
are adults, and as far as we know, no cases in
children have been published today. The age of
the patients in Martel’s series is ranging from
22 to 74 years (median age: 56 years) and, in
ours, from 22 to 82 years (median age:
44.4 years). The majority of the cases belong
to the 30–60 years age group (Falk et al. 2012;
Pradhan and Mohanti 2013).

• Sex
A slight prevalence of women is observed in
Martel et al. series (17 female, 8 male) and in
our series (9 female, 7 male) and confirmed by
other (Pradhan and Mohanti 2013).

• Imaging
Such studies are useful for the positive and
differential diagnosis despite the absence of

specific features (Subhawong et al. 2010;
Pradhan and Mohanti 2013).

Ultrasonography reveals a hypoechogenic
mass (Cao et al. 2010). With computed tomog-
raphy scan, the splenic lesions appear as het-
erogeneous, low-attenuation of unenhanced
images (Pradhan and Mohanti 2013).

• Treatment and Outcome
The majority of the published cases have been
splenectomized with a favorable evolution for
all the patients. Recently partial splenectomy
has been performed in some patients with suc-
cess (Gaeta et al. 2017).

Macroscopy

In the majority of the cases, the spleen presented a
single mass, rounded or bosselated, well-
circumscribed but not encapsulated (Fig. 1). In
the series of Martel et al., the weight of the spleens
ranged from 68 to 1425 g and the diameter of the
mass ranged from 3 to 17 cm. In our series
(Diebold et al. 2008), seven spleens had a normal
weight (between 160 and 220 g) with a mass
measuring between 1 and 5.5cm in diameter, and
five spleens had an increased weight (between
430 and 840 g) with a mass measuring between
5.5 and 10 cm in diameter. The two last patients in

Sclerosing Angiomatoid Nodular Transformation
(SANT) of the Splenic Red Pulp, Fig. 1 SANT realizes
a round nonencapsulated mass constituted by multiple
nodules separated by irregular bands of fibrosis, white or
ochre brown due to siderosis
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our series had very enlarged spleen. For one, the
spleen weighted 1760 g, with a single mass mea-
suring 15 cm, and for the other, the weight was
2400 g due to the association with primary mye-
lofibrosis and the presence of three masses, mea-
suring, respectively, 1, 2, and 3 cm.

All the masses presented a multinodular pat-
tern of the cut surface, with white areas of fibro-
sis alternating with ochre brown areas and some
hemorrhagic zones, without any necrosis.

Microscopy

In all the reported cases, the single mass is consti-
tuted by multiple roundish nodules replacing and
compressing the surrounding normal red pulp
(Fig. 2). These nodules are separated or coales-
cent, often surrounded by an incomplete ring of
collagen fibrosis. Their periphery is occupied by
eosinophilic PAS-positive deposits suggestive of
fibrin (Fig. 3). Their center is made of loose con-
nective tissue either edematous or containing a
variable amount of collagen fibers with fusiform
cells and dispersed reactive cells (lymphocytes,
plasma cells, granulocytes mostly neutrophils)
(Fig. 4). The most characteristic feature is
represented by a dense vascular network consti-
tuted by arterioles, capillaries, and small veins,
realizing a pattern suggestive of a granulation
tissue growing in the cords. Between the branches
of this network, other segments of vessels repre-
sent remnants of sinus. Due to this vascular com-
ponent, the term “angiomatoid nodules” has been
proposed (Martel et al. 2004). During the evolu-
tion, the amount of collagen fibers increases in the
center of some nodules, with progressive obliter-
ation of these centers.

The angiomatoid nodules are surrounded by
bands of tissue either densely fibrous or fibromyxoid
or hyaline with even in few cases calcifications.
Sometimes around the angiomatoid nodules, the tis-
sues are histologically indistinguishable from IPT
associated with EBV infection (Martel et al. 2004).
Some of these fibrotic bands surrounded arteries with
hyalinization of the wall, as well as large veins
(probably trabecular veins), showing compression

or dilatation of the lumen, or thrombosis at different
phases of organization. Remnants of follicles, clusters
of lymphoid cells and/or plasma cells, and numerous
macrophages some containing hemosiderin pigment
are observed in the fibrosis and sometimes in a giant
cell foreign body reaction (Fig. 5).

At distance from the angiomatoid nodules, the
compressed red pulp shows areas of blood stasis
occurring in both cords and sinuses. In other
places, areas of fibromyxoid tissue could be inter-
spersed with angiomatoid tissue composed of
compressed red pulp, realizing a “reverse pattern”
as described by Martel et al. (2004).

Sclerosing Angiomatoid Nodular Transformation
(SANT) of the Splenic Red Pulp, Fig. 2 Multiple small
nodules with a peripheral ring of fibrin representing the
angiomatoid nodules are grouped in a large non-
encapsulated mass in direct contact with the spleen
parenchyma

Sclerosing Angiomatoid Nodular Transformation
(SANT) of the Splenic Red Pulp, Fig. 3 Same case
(PAS). Notice the peripheral rim of PAS-positive fibrin
deposits
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The importance of fibrosis explains that the
diagnosis of “inflammatory pseudo tumor” has
been proposed for some cases.

Immunophenotype

The segments of red pulp sinuses remaining
between the capillary network could be revealed
by their positivity for CD8 (sometimes only
faintly), Factor VIII, and CD31, but not for CD34.

CD34 and CD31 have been detected but not
CD8 in the endothelial cells boarding the narrow
lumen of the dense capillary network present in the
angiomatoid nodules (Fig. 6). Factor VIII antigens

are also expressed by these cells, as well as in the
fibrin deposits at the periphery of the nodules.

The coexistence in nodular masses, of these
three types of vessels corresponding to spleen
sinuses, to capillaries, and to venules well demon-
strated by Martel et al. (2004) and also observed in
all the published cases, seems to be very character-
istic of the diagnosis of SANT.

Alpha smooth muscle actin is detected in sheets
of fusiform cells in the loose connective tissue of the
angiomatoid nodules and between the nodules
(Martel et al. 2004; Diebold et al. 2008), reflecting
probably the presence ofmyofibroblasts always pre-
sent in granulation tissue. These cells were negative
for follicular dendritic cells (CD 21, CD23, CD35,
and CNA42) and for histiocytic markers (CD68).

In the angiomatoid nodules and between them,
numerous CD68-positive macrophages could be
detected as well as sheets of polytypic plasma cells.

Detection of HHV8 antigens remains negative
as well as the search for EBER expression by in
situ hybridization.

At distance from the SANT mass, in all our
cases, the spleen parenchyma showed a normal
architecture with cell populations showing a nor-
mal immunophenotype.

Molecular Features

To our knowledge, no molecular features have
been reported.

Sclerosing Angiomatoid Nodular Transformation
(SANT) of the Splenic Red Pulp, Fig. 5 The centers of
the lesions between the nodules were occupied by loose
connective tissue comprising varying amount of collagen
and inflammatory cells

Sclerosing Angiomatoid Nodular Transformation
(SANT) of the Splenic Red Pulp, Fig. 6 Angiomatoid
nodule (immunohistochemistry, CD34). This staining
underlines a dense network of blood vessels resembling
the vascularization observed in granulation tissue

Sclerosing Angiomatoid Nodular Transformation
(SANT) of the Splenic Red Pulp, Fig. 4 The center of
this angiomatoid nodule is rich in inflammatory cells and
remnant of red pulp sinuses
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Differential Diagnosis

The hallmark criteria for the diagnosis of SANT
are constituted by the angiomatoid nodules first
recognized and named by Martel et al. The pres-
ence of such nodules allows eliminating the dif-
ferent following entities.

Different types of hemangiomas (capillary, cav-
ernous, multinodular, or mostly littoral cell type)
can be discussed as well as hemangioendothelioma
of the spleen.But all these lesions present more as a
vascular proliferation with a different morphology
and immunophenotype than that of angiomatoid
nodules which are lacking. Difficult problems can
be raised by the development of fibrosis during
organization of hemorrhages and thrombosis
occurring in the evolution of these hemangiomas.

Angiosarcoma is the most frequent non-
lymphoid malignant primary tumor of the spleen.
The architecture is destroyed by invasion of
abnormal cells with numerous mitosis and atypia.

Splenic hamartoma also called splenoma
realizes a mass mostly constituted of red pulp
with distension of both cords and sinuses, a
variable amount of fibrosis but no angiomatoid
nodules.

In a very few number of cases of carcinoma
metastasis in the spleen, a pattern similar to
SANT, with typical angiomatoid nodules, may
develop (Chapel et al. 1999; Diebold et al. 2008;
Fakan andMichal 1994). Such association is lead-
ing the pathologist in each case of SANT, to
search carefully carcinoma cells either dispersed
or in column or in nests or rarely in large sheets
between the angiomatoid nodules or in their cen-
ter and also in the lumen of lymphatic vessel
beneath the endothelial cells of trabecular veins
or in the lymphatic vessels present in the adventi-
tia of trabecular arteries. Immunohistochemical
demonstration of cytokeratins is useful. So in
such an association, the question is not really a
differential diagnosis but the recognition of carci-
noma metastasis within a SANT.

Finally, today the most difficult differential
diagnosis is with some inflammatory diseases,
complicated by the fact that some of these dis-
eases seem to have some connections with SANT
of the spleen.

In few cases of SANT (Nagai et al. 2008; Gaeta
et al. 2017), among the plasma cells infiltrating the
sheets of fibrosis, a high number of IgG4 + plasma
cells resembling what has been regarded as specific
for various chronic autoimmune diseases collected
under the term IgG4 related disease (autoimmune
pancreatitis, retroperitoneal fibrosis, tubuloin-
terstitial nephritis, breast lesions, prostatitis, lung
lesions, Mikulicz disease, Kuttner tumor) has been
reported raising the differential diagnosis between
those two diseases (Gaeta et al. 2017).

In one of these cases, with true SANT, EBER-
positive nuclei have also been demonstrated par-
ticularly in cells with the morphology and the
immunophenotype of myofibroblasts (Kashiwagi
et al. 2008) leading to the discussion of an infec-
tion by EBV and to correlation with the next
entities.

Inflammatory pseudotumor (IPT) of the spleen
is a rare, not well-defined entity (Krishnan and
Frizzera 2003) characterized by the development
of a mass in the red pulp constituted by mutilating
fibrosis associated with sheets of polytypic plasma
cells and a diffuse infiltrate of CD8-positive cyto-
toxic T lymphocytes. But the diagnosis of SANT
cannot be made due to the lack of angiomatoid
nodules.

Follicular dendritic cell tumors and
myofibroblastic tumors of the spleen are constituted
by sheets of fusiform cells with a peculiar
immunophenotype and absence of angiomatoid
nodules, the hallmark for the diagnosis of SANT.

So SANT presented with some characteristics
of an inflammatory disease and perhaps some
correlations with autoimmune disorders and with
proliferations of myofibroblasts and follicular
dendritic cells, opening new fields for research in
the future.
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Synonyms

Inherited lipemic splenomegaly; Lipidic
histiocytosis with ceroidosis; Sea blue histiocyte
syndrome

Definition

Sea blue histiocytosis is a morphological elemen-
tary lesion constituted by an accumulation in dif-
ferent tissues (spleen, liver, bone marrow, lymph
node) of lipid-laden macrophages engaged in the
resorption and digestion of lipids with production
of ceroids, a lipopigment constituted by unsatu-
rated lipids and which is different from lipofuscin.
Ceroids realize at the microscopic level small
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brown granulations in the cytoplasm of histio-
cytes, colored in an intense sea blue by Giemsa
stain.

Such sea blue histiocytosis represents the main
histological lesion of the entity described by
Silverstein in 1970 under the name of syndrome
of the sea blue histiocyte which realizes a splenic
lipid histiocytosis with ceroidosis. The term syn-
drome should be used only for this entity and the
term histiocytosis for the other etiologies.
Recently, it has been shown that this familial
disease is one of the diseases associated with
a spectrum of apolipoprotein E p. Leu 167 del
mutation variant (a three-base-pair deletion that
results in deletion of the amino acid leucine at
position 167 of the protein apolipoprotein E) and
now called inherited lipemic splenomegaly.

But sea blue histiocytosis is also an important
lesion observed in two other different human
diseases.

First, such lipid histiocytosis may develop in
the spleen, during the evolution of autoimmune
thrombocytopenia in about 10–20% of the cases
in relation with the destruction by macrophages of
phagocytosed platelets.

A second condition is represented by the
development of nests of sea blue histiocytes in
the bone marrow, the liver, the spleen, and lymph
nodes in patients treated with long-term paren-
teral nutrition for short bowel syndrome with
malnutrition.

Finally, nests of sea blue histiocytes may also
be observed mostly in bone marrow biopsies or in
removed spleens in various diseases.

Clinical Features

Syndrome of the Sea Blue Histiocytes, Now
Called Inherited Lipemic Splenomegaly

Clinical Presentation
The main symptoms are represented by
a splenomegaly, associated with thrombocytope-
nia, hypertriglyceridemia, steatosis with liver
function abnormalities, cardiovascular disease,

diabetes mellitus, and visceral adiposity. This syn-
drome is a familial autosomal.

• Incidence
It is a rare disease. Today, only 38 individuals
with this mutation have been reported, and
only seven have the disease called inherited
lipemic splenomegaly.

• Age
The majority of the cases have an age com-
prised between late 20 and 50 years.

• Sex
No sex predominance.

• Site
The spleen is the main organ showing such his-
tiocyte infiltrates. Nests of such cells can also be
observed in the bone marrow and in the liver.

• Treatment
In patients with the complete syndrome, splenec-
tomy should be avoided. Hyperlipidemia should
be treated to avoid the development of spleno-
megaly and of arteriosclerotic cardiovascular
disease (heart-healthy diet, exercise, no tobacco,
maintenance of a healthy weight, and adminis-
tration of statin, fibrates, fish oil, niacin thera-
pies) with surveillance of lipoprotein profile.
Liver function abnormalities and thrombocyto-
penia should be managed on a routine manner.
Diabetes mellitus should be well controlled.

Splenic Lipidosis Occurring in Patients
Treated for Autoimmune Thrombocytopenia

Clinical Presentation
Patients present with purpura due to severe throm-
bocytopenia in the peripheral blood with ecchy-
mosis or epistaxis. Relapses are frequent, often
despite long-term treatment by corticoids. Spleno-
megaly of variable size can be observed, some-
times associated with hepatomegaly. Coombs test
can be positive. Bone marrow examination shows
hyperplasia of the megakaryocytic lineage. Trans-
fused chromium-labeled platelets are exclusively
sequestrated and destroyed in the spleen. Resis-
tance to corticoid treatment leads often to splenec-
tomy. Histopathological study of the removed
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spleen allows the diagnosis of lipid histiocytosis
with intracytoplasmic sea blue granules.

• Incidence
Lipid histiocytosis varies from one series to
another, from 5%, 17%, 45%, or 54%; but in
these series, the presence of sea blue histio-
cytes is not mentioned. In one personal series,
lipid histiocytosis was observed in 46.6% of
the cases, but sea blue histiocytosis was seen
only in 16% of the patients.

• Age, Sex
Distribution of the patients is similar that seen
in patients with thrombocytopenic purpura
with a slight predominance in female.

• Site
Sea blue histiocytosis in patients with autoim-
mune thrombocytopenia can be seen in the
main organ or in accessory spleens.

• Treatment
Patients after splenectomy are often cured.

• Outcome
Relapse of thrombocytopenia after splenectomy
may occur and is often related to persistence of
accessory spleens increasing in size, sequestrat-
ing and destroying platelets recovered by autoan-
tibodies. Infusion of chromium-labeled platelets
demonstrates the number, size, and sites of the
accessory spleens. After surgical removal of
these accessory spleens, the patients are cured.
Accessory spleens are discovered at laparotomy
or autopsy in about 11–30% of the patients.

Sea Blue Histiocytosis Secondary to Total
Parenteral Nutrition Including Fat-Emulsion
Sources

Clinical Presentation
Intravenous infusion of hyperlipidemic hypercaloric
solution is followed by a syndrome comprising
splenomegaly in the majority of the patients, liver
function abnormalities, chronic cholestasis with
jaundice and often hepatomegaly, bleeding ten-
dency, thrombocytopenia, and increase of blood
lipid levels. Some acute complications may occur
as sepsis and superior vena cava thrombosis with
embolism. The delay for a return to the normal after
cessation of perfusion is not well known.

• Incidence
It seems that all patients treated by such total
parenteral nutrition develop such lipidosis.

• Age
In our series of seven patients, the age ranged
between 21 and 70 years (Bigorgne et al,
1996).

• Sex
No information in our series.

• Site
The main site is represented by the bone mar-
row, the liver, the spleen, and lymph nodes.

• Treatment and Outcome
It consists of cessation of the intravenous deliv-
ery of all fat-emulsion sources. The delay of
disappearance of the sea blue histiocytosis
remains to be defined.

Other Conditions
Nests of sea blue histiocytes may also be
observed mostly in bone marrow biopsies or in
removed spleens in various diseases of histio-
cytes (familial chronic granulomatous disease)
or granulocytes (chronic myelogenous leuke-
mia) or in other dyslipidosis as Gaucher’s,
Niemann-Pick, Tay-Sachs, Wolman’s, or ceroid
storage diseases. The symptomatology is domi-
nated by clinical and biological symptoms of the
main disease. Sea blue histiocytosis is only dis-
covered by systematic histopathological study of
biopsies (bone marrow, liver, or lymph node) or
of a removed spleen.

Macroscopy

Macroscopic examination is useful only for the
spleen. In all types with sea blue histiocytosis
presenting with a splenomegaly, the size is
appreciated on the three-dimensional measures
and on the weight. In inherited lipemic spleno-
megaly, the weight is comprised between 727 g
and 1,200 g in recent studies. The shape is nor-
mal, without any tumor. The cut surface is firm,
homogeneous, with a normal color. The follicles
are small. In sea blue histiocytosis occurring in
patients treated for autoimmune thrombocytope-
nia, the weight is often normal without any
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macroscopic change, with the exception of two
cases who present in addition splenoma and
peliosis of the spleen. No splenectomy has been
performed in our patients presenting sea blue
histiocytosis secondary to total parenteral
nutrition.

Microscopy

All the patients, whatever the etiology of their
disease, have in common an elementary lesion in
various tissues, the nests of sea blue histiocytes,
which allow the diagnosis.

The Elementary Lesion
This lesion is constituted by nests of histiocytes,
measuring 30–40 mu, round, with a large, pale
cytoplasm containing small vacuoles realizing
a spumous or multi-microvacuolated pattern

(Fig. 1). These vacuoles are empty on sections
obtained from formalin-fixed paraffin-embedded
tissues, this procedure being responsible for dis-
solution of the neutral fat which constitutes the
vacuoles. These intravacuolar lipids can be dem-
onstrated on frozen sections with oil red O or
Black Sudan (Fig. 1).

A very important stain is represented by the
Giemsa stain whatever the technique on imprints
or on paraffin sections. This staining allows
recognizing three types of macrophages.

The first type is constituted by histiocytes
containing numerous round granulations, measur-
ing 1–2 mm in diameter, yellow brownish on HE,
but showing an intense sea blue color with the
Giemsa stain. This aspect leads Silverstein et al.
(1970) to propose the term sea blue histiocytes (see
ref Diebold et al. 1972). These granulations are
intensively amylase-resistant PAS positive and
Ziehl-Neelsen positive. They show a yellow green

Sea Blue Histiocytosis, Fig. 1 Inherited lipemic spleno-
megaly. Nests of sea blue histiocytes in the spleen red pulp.
(a) The ceroid granulations are stained in an intense sea
blue with the Giemsa technique. (b) The granulations are

PAS positive. (c) The granulations are Black Sudan posi-
tive while the vacuoles are negative. (d) The granulations
show yellow autofluorescence when illuminated with ultra-
violet light
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to yellow brownish autofluorescence when illumi-
nated with ultraviolet light. They also are, on par-
affin sections, intensely colored in black with Black
Sudan, in red with oil red O, and blue with Nile
blue sulfate. These staining properties of the gran-
ulations show that they aremade of insoluble unsat-
urated lipids, particularly phospholipids, produced
by the polymerization and oxidation of unsaturated
fatty acids. They belong to lipopigments. All their
characteristics allow proposing the diagnosis of
ceroid and not of lipofuscin.

At the ultrastructural level (Fig. 2), the gran-
ules are electron dense, are well delimited, and
measure 1.5 mm. At high resolution, they are
constituted by the juxtaposition of multiple
round structures measuring 3,000 A in diameter
showing the morphology of “myelinic structure”
with a periodicity of 60 angstroms, corresponding
to phospholipids. Between the granules, some
vesicles can be seen containing debris of red
blood corpuscles, of nuclei, of membrane, and of
lysosomes.

The second type is represented by histiocytes
showing only a microvacuolated pattern, and the
third type is represented by macrophages
containing a mixture of empty microvacuoles
and ceroid granulations.

Such ceroids appear during the catabolism of
lipid presenting hyperlipidemia due to an
inherited disease or to a parenteral administration

and/or a local increase of cell destruction leading
to a local increase of phospholipids originating
from various dying cells.

No hemosiderin pigment is found in any of the
three types of histiocytes described. Sometimes,
particularly in the bone marrow, siderophages can
be associated.

The three types of cells express CD68 but not
S100 protein.

Spleen Localization
In inherited lipemic splenomegaly, the three types
of histiocytes described are recognized in the
cords which are distended, forming nests or infil-
trating more diffusely (Fig. 1). They also form
nests around the corpuscular arterioles or at the
periphery of the lymphoid follicles. The white
pulp has a normal morphology with follicles pre-
senting reactive germinal center.

In splenic lipidosis occurring in patients
treated for autoimmune thrombocytopenia
(Figs. 3 and 4), the white pulp is normal, active,
but rarely hyperplasic. The histiocytes
realize nests made by 2–10 cells, mostly from
the vacuolated type, only a few cells from the
mixed vacuolated and granular type and rare
purely granular cells. The nests are present
mostly in the cords. Sometimes they
predominate at the periphery of follicles or in
contact with conjunctive trabeculae containing

Sea Blue Histiocytosis,
Fig. 2 Inherited lipemic
splenomegaly (spleen,
ultrastructure). The ceroid
granulations are electron
dense and show a myelin-
like structure, also called
fingerprint pattern
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Sea Blue Histiocytosis,
Fig. 3 Sea blue
histiocytosis in a spleen
removed in a patient with
autoimmune
thrombocytopenia (HE). To
the left, follicle with
a normal marginal zone, and
in the cords of the
surrounding red pulp,
numerous pale lipid-laden
histiocytes. To the right,
many histiocytes contain
vacuoles and brownish
granulations of variable
size, corresponding to sea
blue histiocytes

Sea Blue Histiocytosis, Fig. 4 Sea blue histiocytosis in
a spleen removed in a patient with autoimmune thrombo-
cytopenia. Upper row, to the left, PAS positivity of the
granulations, and to the right, positivity with Black

Sudan. Bottom row, to the left, sea blue coloration of the
granulations with Giemsa stain, and to the right, yellow
autofluorescence with ultraviolet light
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the vessels. Some nests may be present in the
germinal centers, in contact with the centro-
corpuscular arteries. The quantity of histiocytes
is less than in the former disease. They can
be few, and a careful examination may be
necessary.

Liver Localization
Involvement of the liver has been mostly
described on liver biopsies performed in patients
presenting liver function abnormalities during
sea blue histiocytosis secondary to total paren-
teral nutrition including fat-emulsion sources
(Fig. 5).

Kupffer cells along the sinuses contain micro-
vacuoles and typical brownish granules with all
the characteristics of ceroids particularly a sea
blue color with the Giemsa staining. Some hepa-
tocytes also contain such sea blue granules in the
cytoplasm. In addition, nests of macrophages
with the three types of histiocytes described are
observed in the portal tracts. In patients with
liver function abnormalities, the following
lesions can be associated: steatosis, cholestasis,
portal infiltrations by lymphocytes and plasma
cells, an even sometimes portal fibrosis, and
hepatocyte necrosis. The amount of intracellular
ceroid deposits and of the associated lesions
depends on the duration of the parenteral
nutrition.

Bone Marrow Localization
The most important involvement has been
observed in patients receiving total parenteral
nutrition including fat-emulsion sources. Bone
marrow biopsies show normal osseous lamellae.
Hematopoietic cells of the three main lineages are
present with a normal cellularity and without mat-
uration disturbance. In our series, only a few
patients show dyserythropoiesis. The most impor-
tant modification is represented by an interstitial
infiltration by numerous macrophages, compris-
ing in variable proportion the three types of his-
tiocytes described and particularly the sea blue
histiocytes. This last type may represent 5–15%
of the cell population. These macrophages are
either dispersed among hematopoietic cells
or forming aggregates of varying size. These
nests are sometimes noted at distance from the
osseous lamellae or adjacent to them and to
blood vessels. Repeat bone marrow biopsies
may show an increase of the percentage of sea
blue histiocytes in patients who continue
to receive this parenteral nutrition.
Hemophagocytosis and hemosiderosis have not
been observed in any of our cases.

A few number of nests of histiocytes, some
with sea blue granulations, can be disclosed
between the hematopoietic cells in bone marrow
biopsies performed systematically in patients with
inherited lipemic splenomegaly or treated for

Sea Blue Histiocytosis,
Fig. 5 Sea blue
histiocytosis in the bone
marrow of a patient
receiving total parenteral
nutrition. Bone marrow
biopsy. To the left (HE):
nests of histiocytes between
normal hematopoietic cells
and adipocytes with either
microvacuoles or brownish
granulations. To the right
(Giemsa): the ceroid
granulations are intensively
stained in sea blue

456 Sea Blue Histiocytosis



autoimmune thrombocytopenia or also in patients
with various diseases of histiocytes (familial
chronic granulomatous disease), or myeloid cells
(chronic myelogenous leukemia), or in other
dyslipidosis. Nests of sea blue histiocytes are
then associated with the histopathological modi-
fications specific of the disease.

Lymph Node Localization
Nests of sea blue histiocytes comprising the three
types of cells described can be disclosed in the
deep cortical areas and/or the interfollicular areas
in lymph nodes with a normal architecture and no
other modification, mostly in cases of inherited
lipemic splenomegaly or in patients receiving
total parenteral nutrition including fat-emulsion
sources.

Differential Diagnosis

Sea blue histiocytes should first not be confused
with macrophages containing hemosiderin.
This pigment realizes fine granules to voluminous
irregular aggregates with an ochre brown color,
a color more green than blue on Giemsa stain, and
shows a specific intense blue reaction with the
Perls staining.

A difference should also be made in the group
of lipopigment, between lipofuscin and ceroid.
The sea blue color obtained with Giemsa staining
allows recognizing ceroid.

When the diagnosis of sea blue histiocytosis is
done, the diagnosis of the different etiologies is
based on a careful histological study of the biop-
sies performed and/or of the removed spleen and
a precise study of the symptoms (clinical and
biological) and, for some etiologies, the search
of genetic mutations or deletions.
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Sinus Histiocytosis

Anthony W. S. Chi and Robert P. Hasserjian
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Synonyms

Reticular hyperplasia; Sinus hyperplasia

Definition

Histiocytes are a heterogeneous group of mononu-
clear cells that include macrophages, dendritic cells,
and Langerhans cells and play critical roles in the
immune system. Sinus histiocytosis represents the
accumulation of histiocytes within lymph node
sinuses, causing their expansion. It is a nonspecific
finding frequently encountered in routine surgical
pathology specimens, especially in lymph nodes
draining a tumor. It has been speculated that
a florid histiocytic reaction in the draining lymph
node may reflect active antitumor immunity, thus
conferring a better prognosis in cancer patients, but
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this is not proven (Gallo et al. 1995; Oka et al. 1992).
Secondary causes of increased nodal histiocytes,
including a foreign body reaction (such as to joint
or silicone prostheses or previously to lymphangio-
gram dye), infections (Whipple’s disease, mycobac-
terial infection, or leprosy), sarcoidosis, and storage
diseases (such as Gaucher’s and Niemann-Pick dis-
eases) (Lee et al. 1997), should be considered in the
differential diagnosis.

Clinical Features

• Incidence
The incidence of sinus histiocytosis is
unknown. It is a common pattern of hyperpla-
sia seen in reactive lymph nodes.

• Age
Sinus histiocytosis has a wide age range.

• Sex
Sinus histiocytosis has no known predilection
for males versus females.

• Site
Sinus histiocytosis can affect any lymph node
but is seen particularly frequently in lymph
nodes draining tumors, sites of inflammation,
or surgical procedures.

• Treatment
No treatment is indicated for sinus
histiocytosis.

• Outcome
The outcome of sinus histiocytosis depends on
any other concurrent processes in the involved
lymph node; if an isolated finding, it has no
clinical sequelae.

Macroscopy

Macroscopy shows normal to enlarged lymph
nodes, with no specific macroscopic appearance;
sinuses, even when enlarged, are not grossly visible.

Microscopy

Microscopic examination shows preserved nodal
architecture (Fig. 1); in fact, patent subcapsular
and trabecular sinuses are important hallmarks of

nodal architectural preservation. Normally, sinuses
are not easily visualized if they lack cells within
their lumens or contain only few small lympho-
cytes (although they can be highlighted by sinus
endothelial stains, see below). In sinus
histiocytosis, the sinuses are distended with histio-
cytes and are readily apparent (Fig. 2). Cytologi-
cally, the histiocytes show bland, slightly
elongated, and occasionally folded nuclei with
ample, light eosinophilic cytoplasm without mito-
ses (Figs. 3 and 4). Rarely, the histiocytes may
show signet ring or foamymorphology, mimicking
metastatic adenocarcinoma. Polarizable material,
such as metal fragments from joint prostheses,
may be present. Anthracotic pigment or hemosid-
erin may be present within the histiocyte cytoplasm
(Fig. 5). In some cases from lymph nodes draining
mucin-producing adenocarcinomas, muciphages
(histiocytes containing ingested intracellular
mucin) may be present (De Petris et al. 1998).

Immunophenotype and Special Stains

Histiocytes are CD45, CD68, and CD163 positive
and weakly express CD4. A subset may express
S100. Muciphages show staining with mucicarmine
and Alcian blue, express normal histiocytic markers,
and are negative for keratins. The lymphatic endo-
thelium lining the sinuses is positive for D2-40,

Sinus Histiocytosis, Fig. 1 On low-power examination
of a lymph node involved by sinus histiocytosis, the archi-
tecture is preserved and normal follicles are evident
between the distended trabecular sinuses. The subcapsular
sinus is patent and contains histiocytes
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which can be helpful in demarcating the distended
sinuses.

Molecular and Other Laboratory Testing

Not contributory.

Differential Diagnosis

Rosai-Dorfman disease (sinus histiocytosis with
massive lymphadenopathy, RDD) is described

elsewhere. Briefly, the lymph nodes are enlarged
but show preserved nodal architecture with
dilated sinuses, filled with atypical-appearing his-
tiocytes. Cytologically, the histiocytes in RDD
appear larger than those in typical sinus
histiocytosis, with round, central nuclei, vesicular
chromating, distinct central nucleoli, and abun-
dant eosinophilic cytoplasm. Emperipolesis (pres-
ence of intact cells within the histiocyte
cytoplasm) is typical and may be prominent.
RDD histiocytes express CD45, CD68, CD163,
S100, and variably CD4 but, unlike Langerhans

Sinus Histiocytosis, Fig. 3 Within the sinuses, histio-
cytes are often admixed with small lymphocytes that are
similar in appearance to those in the surrounding lymph
node tissue

Sinus Histiocytosis, Fig. 4 On high-power examination,
the histiocytes have oval, bland-appearing nuclei with
small nucleoli and abundant pink cytoplasm. Prominent
nuclear irregularities or atypia are absent

Sinus Histiocytosis, Fig. 5 Anthracotic pigment is com-
monly seen in the intrasinusoidal histiocytes of mediastinal
lymph nodes with sinus histiocytosis

Sinus Histiocytosis, Fig. 2 The expanded sinuses are
interconnected, often assuming a serpiginous configura-
tion, and are of varying width
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cells, are negative for CD1a and langerin.
Langerhans cell histiocytosis also can show
a sinus pattern of nodal involvement. The
Langerhans cells have grooved nuclei and are
positive for S100, CD1, and langerin
immunostains; admixed eosinophils are frequent.

Metastatic malignancies, including melanoma
and mesothelioma, tend to preferentially involve
the sinuses and can be subtle, particularly when
the involvement is focal or only subcapsular and
when there are abundant admixed benign histio-
cytes. Close attention to recognizing cytologic
atypia of the malignant cells can distinguish
these entities from benign sinus histiocytes. Fur-
thermore, immunohistochemical stains may be
helpful in disclosing keratin-positive epithelial
malignancies and melanomas positive for
melanocytic markers (Frost et al. 1992). Caution
must be observed in interpreting mucicarmine and
Alcian blue staining, which may be positive in
muciphages within sinuses from lymph nodes
draining mucinous carcinomas but are not consid-
ered equivalent to nodal involvement by malig-
nancy. Unlike metastatic carcinoma cells,
muciphages are positive for histiocytic markers
and negative for keratins. Another important
malignancy to consider in the differential diagno-
sis is anaplastic large cell lymphomas (ALK1+ or
ALK1�). These lymphomas may involve the
lymph node in a sinus pattern in which
isolated neoplastic cells are admixed with histio-
cytes within the sinuses. The tumor cells express
CD30, usually express T-cell markers such
as CD3, and are often ALK1 positive; they are
negative for histiocytic markers. CD4 immuno-
staining must be interpreted with caution in this
context, since it is positive in both histiocytes and
in most anaplastic large cell and other T-cell
lymphomas.

Macrophages in storage diseases, including
Gaucher’s and Niemann-Pick disease, may
mimic typical sinus histiocytes. However,
Gaucher macrophages show characteristic fibrillar
cytoplasm with a “wrinkled tissue paper” appear-
ance and are positive for PAS histochemical stain
(Segal et al. 1995). Niemann-Pick cells have
foamy cytoplasm with lipid inclusions that are

positive for Sudan Black and Oil Red O stains
(on air-dried smears or frozen sections). Clinical
history is particularly helpful in differentiating
these entities (Segal et al. 1995).Hemophagocytic
syndrome may manifest in the lymph node as
sinusoidal expansion by histiocytes. Unlike sinus
histiocytosis, the histiocytes contain numerous
intracytoplasmic phagocytosed erythrocytes as
well as other lymphoid and hematopoietic cells;
the lymph node may be concurrently involved by
a lymphoma, which can be associated with
hemophagocytic syndrome. Occasional phagocy-
tosed erythrocytes or other cells may be found in
the histiocytes of typical sinus histiocytosis, but
these are usually infrequent; moreover, patients
with hemophagocytic syndrome are systemically
ill and have other features of the disease, which
help in its recognition on a lymph node biopsy.

Whipple’s disease is an infection caused by
Tropheryma whippelii, with symptoms of abdom-
inal pain, diarrhea, and weight loss. The disease
usually involves intra-abdominal lymph nodes,
which show expanded sinuses packed with finely
vacuolated histiocytes. The infectious organisms,
engulfed by the histiocytes, can be highlighted by
PAS stain and are diastase resistant.

In vascular transformation of lymph node
sinuses, the subcapsular and often intranodal
sinuses are expanded by small blood vessels.
Unlike sinus histiocytosis, the vessels contain
blood elements rather than histiocytes. Vascular
transformation of lymph node sinuses is usually
an incidental finding and is often associated with
lymphatic obstruction.
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Anatomy

Spleen is an intraperitoneal supramesocolic organ,
developed from the dorsal mesogastrium by the fifth
week of gestation. It is located in the left hypo-
chondrium, in the greater sac of the peritoneal cav-
ity, beneath the 9th and the 11th intercostal spaces,
and in a shallow pocket formed by the dome of the
diaphragm (laterally and superiorly), the stomach
(superiorly and medially), the left flexure of the
colon and the phrenicocolic ligament (inferiorly),
and the left kidney (posteriorly).

The spleen shape is variable as the organ fits
tightly and accommodates itself with the adjacent

organs but is often described as tetrahedron with
three surfaces, three borders, and a base. Its major
axis is parallel to the 10th left rib.

The diaphragmatic surface (posterolateral) is
convex and smooth and in relation with the dia-
phragm and, through it, with the lower border of
the left lung and the thoracic wall (9th to 12th rib).
The gastric surface (anteromedial) is deeply con-
cave and rests against the posterior wall of the
stomach (fundus). It includes, near the medial
border, the hilum (which receives the splenic ves-
sels) where it is in contact with the tail of pancreas.
The renal surface (inferomedial) is slightly con-
cave and in relation with the upper part of the
anterior surface of the left kidney and the left
suprarenal gland.

These three surfaces are separated by three
borders:

The anterior (or superior) border is a sharp,
convex, and notched line which separates the gastric
from the diaphragmatic surface, in contact with the
stomach. This border can become palpable if the
spleen enlarges. The posterior border is thick,
blunted, and rounded; it separates the renal from
the diaphragmatic surface and lies in a gutter formed
by the lateral border of the left kidney and the
diaphragm. The medial border, parallel to the
major axis of the spleen, is thin, is protruding,
and limits the renal from the gastric surface.
The three borders join at the superior extremity
(posterosuperior) which is deep and in contact with
the left crura of the diaphragm near the left border of
the abdominal esophagus and the 11th thoracic
vertebra.

The base (or colic surface) is flat, rests upon
the left flexure of the colon and the phrenicocolic
ligament, and is generally in contact with the tail
of pancreas. The inferior border is a relatively
straight line which separates the colic from the
diaphragmatic surface and contacts the lumbar
part of the diaphragm.

The visceral peritoneum coats the entire spleen
except at the hilum and is firmly attached to the
capsule. The peritoneum attaches the spleen to
adjacent organs by emitting reflections termed
“ligaments”: the gastrosplenic (gastrolienal) lig-
ament connects the greater curvature of the
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stomach to the ventral aspect of the spleen and
carries the short gastric vessels (vasa brevia); the
splenorenal (lienorenal) ligament connects the
left kidney and the splenic hilum, attaching the
spleen to the posterior abdominal wall and carry-
ing the splenic vessels and sometimes the tail of
the pancreas.

The phrenicocolic ligament connects the left
colic flexure and the diaphragm and supports the
spleen from below. Adjacent organs along with
the intra-abdominal pressure probably assure
splenic stability more than do the ligaments
themselves. Some splenic mobility is preserved
though, upon changes in subject position and
breathing or when the adjacent organs are
dilated.

The splenic hilum includes branches of the
splenic artery, the splenic vein, lymphatic vessels,
and nerves. The hilum has a highly variable shape
but has inverted Y-shape in 40% of cases.

The splenic artery is the largest of the termi-
nal branches of the celiac artery. It runs at the
upper border of the pancreas with a tortuous
course (the tortuosity increases with age); in
some patients it can be imbedded within the
pancreatic parenchyma (especially in the body
of the pancreas) and provides branches to the
stomach and the pancreas. If the splenic artery
is occluded, the short gastric arteries (vasa
brevia) provide arterial blood supply from the
left gastric artery and the right gastroepiploic
artery via the gastroduodenal artery.

A good knowledge of the arterial segmentation
of the spleen is crucial to practice partial splenec-
tomy. Indeed, it divides the spleen in segments
which are separated from one another by avascu-
lar territories that make them independents.
Between the tail of pancreas and the hilum, the
splenic artery had usually extra-pancreatic trajec-
tory and divides in two (sometimes three) major
branches: the upper and the lower lobar arteries
that define the upper and the lower lobes
(separated by the avascular interlobar scissura).
The upper lobar artery divides in 2–5 segmental
branches and the lower one divides in 2 segmental
branches (sometimes 3).

In respectively 40% and 33% of the cases
are also found an upper and a lower polar artery

that define the upper and the lower polar
segment at the extremities of the organ. The origin
of the polar arteries is inconstant, but, in
most cases, the upper polar artery comes
directly from the splenic artery, while the
lower polar comes from the left gastroepiploic
artery.

This arterial distribution divides the spleen in
several segments. The number of splenic seg-
ments displays considerable inter-individual vari-
ability is inconstant between individuals and
depends on the presence or the absence of the
polar arteries and on the number of branches of
lobar arteries.

The intraparenchymal veins distribute like the
arteries. The lobar venous branches leave the
hilum and converge to form the splenic vein that
runs parallel to the splenic artery, behind the pan-
creas. Although in the pancreatic tail, the splenic
vein is completely imbedded within the pancreatic
parenchyma, however, and distally (contrary to
the artery), the splenic vein runs outside the paren-
chyma. It is joined by the inferior mesenteric vein
(inconstant) and later by the superior mesenteric
vein to form the portal vein.

The lymph vessels emerged from the hilum,
follow the course of the splenic artery, and finally
drain in the celiac nodes. There are no afferent
lymph vessels.

The splenic plexus is a dense network of sym-
pathetic nerve fibers derived from the celiac trunk
that accompanies the splenic artery and its
branches.

Accessory Spleen: The accessory spleen is a
normal variant (90% solitary and 10% multiple)
and is found in 10–35% of subjects. Most acces-
sory spleens are found at the splenic hilum, the
greater omentum, the transverse mesocolon, and
the gastrosplenic ligament, behind the left lobe
of the liver, adjacent or in the pancreas (located
usually in the posterior aspect of the tail), or in
the connective tissue surrounding the splenic
vessels. These accessory spleens can be mis-
diagnosed as malignant or benign tumors espe-
cially when located in the liver or the pancreas.
Their size typically varies from 0.5 to 3.75 cm in
diameter, extremes reaching 10 cm (Varga I Surg
Radiol Anat 2018).
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Size and Weight

Splenic size andweight change according to the age,
gender, height, and circulating blood volume of the
subject. In healthy young adults, it is usually about
10–12 cm in length, 3–4 cm wide, and 6–8 cm in
diameter and weighs 150–200 g. The ratio of spleen
weight relative to body weight remains relatively
constant during life-span (between 1/320 and 1/400)
(Dittrich 1983). This ratio can however decrease in
old age, reaching 1/700 (Fig. 1).

Macroscopy

On gross examination, spleen has a soft and crum-
bly consistency. It is surrounded by a thin, gray-
ish, and polished fibroelastic capsule of
0.3–1.5 mm thick (Fig. 2a, b).

Before fixation, the transverse section of the
parenchyma (named “splenic pulp”) appears
reddish-brown and homogenous (red pulp) with
small whitish nodules of 0.5–2 mm scattered more
or less regularly within the parenchyma and
corresponding to the lymphoid tissue also called
Malpighian corpuscles (white pulp) (Fig. 2c).

After fixation with formalin, the parenchyma
becomes buff-colored with a firm consistency, and
the contrast between the white and the red pulp is
more visible (Fig. 2d, e).

The cross section reveals that the capsule
expends into the organ (these expansions are
referred as “trabeculae”), delimiting and
supporting the splenic pulp. The trabeculae join
at the hilum where they support the vessels and
nerves. These expansions are usually incomplete
and do not reach the capsule at the opposite side of
the hilum.

Microscopy

The capsule is a thin layer of collagenous fibers
with few fibrocytes and more in-depth some elas-
tic and smooth muscle fibers. It is surrounded by
the mesothelial cells composing the visceral peri-
toneum. Silver impregnation technics (Gordon-
Sweet) highlight the reticular architecture of the
spleen (Fig. 4a). The reticular fibers are dense in
the capsule and trabeculae, thinner and looser in
the red pulp, virtually absent from the germinal
centers, but well developed in its periphery.
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Spleen, Fig. 1 Anatomy
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The spleen has a very original microvascula-
ture that differs from other organs with arteries
and veins that do not run in parallel, a specific
open microcirculation in the red pulp, and a
peculiar type of microvessels: the venous
sinuses.

The branches of the splenic artery give rise to
the trabecular arteries (lying on trabeculae cap-
sular expansions) that form the central arteries
while entering in the white pulp. These central
arteries then leave the trabeculae and are
surrounded by lymphoid tissue that constitutes
the periarteriolar lymphoid sheath (PALS).
Radial branches coming from the central arteries
supply the marginal zone/perifollicular zone and
the red pulp. The initial part of red pulp capil-
laries are surrounded by capillary sheaths
containing three concentric cellular layers
(from the inside to the outside: specialized
cuboidal stromal cells, macrophages, and
B lymphocytes). The central arteries then
become the penicillar arteries and end in termi-
nating arterioles that drain into the cords of the
red pulp or directly into the venous sinuses
(although the existence of that direct pathway
still remains controversial). Many arterioles
also terminate in the marginal zone/perifollicular
zone where the blood flow is redirected to either

the white (marginated cells) or the red (RBCs
and platelets) pulp.

The venous sinuses then merge into pulp veins
that drain into trabecular veins and finally con-
verge to the hilum to form the splenic vein.

The lymphatic vessels that drain the lymph
from the splenic parenchyma follow two different
pathways: Some of them lie underneath the
venous endothelium, while the others lie in the
adventice of arteries. They reach the lymph node
of the splenic hilum. In contrast to lymph nodes,
there are no afferent lymphatic vessels in the
spleen.

The splenic parenchyma is constituted by three
main compartments that differ in morphology and
function but are closely interconnected (Fig. 4a):

– The white pulp: the larger peripheral lymphoid
tissue of the body

– The red pulp: surrounding the white pulp,
constituted by anastomosed channels
lined by specialized endothelial cells,
separated by cords that contain a loose con-
nective tissue

– The marginal zone/perifollicular zone: the
precise boundaries of which are still a matter
of controversy (please see section “marginal
zone/perifollicular zone”) (Steiniger 2015)

Spleen, Fig. 2 Macroscopic aspect of the spleen and transverse section before (a, b, and c) and after (d and e) fixation
with formalin
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The White Pulp
The white pulp accounts for approximately 7% of
the weight of the organ and is composed of the
periarteriolar lymphoid sheath (PALS) and the
lymphoid follicles.

The lymphocytes adjacent to the central
artery constitute the PALS. When the central
artery gives rise to the penicillar artery, the
sheath becomes nodular and will form the lym-
phoid follicle where the germinal center will
develop. The artery that goes through this folli-
cle is called centro-corpuscular but is more often
located laterally in the stimulated follicles. The
lymphocytes of the PALS are mainly T cells.
Histiocytes are scattered between the lympho-
cytes, and some of them have a macrophagic
activity. Interdigitating cells are also present
(as in the paracortical zone of the lymph
nodes), together with a few mast cells.

The cells of the PALS lye on a three-
dimensional reticular meshwork (demonstrated
by the silver staining) (Fig. 3a, b) in continuity
with the arteriolar adventitia and the network that
supports the cords (Fig. 3c). This meshwork is
associated with a network of anastomosed
myofibroblast-like fibroblastic reticular cells
(FRCs) containing smooth muscle alpha-actin
(SMA) (Fig. 3d).

The lymphoid follicles are B-cell zones that can
produce, when stimulated, plasma cell precursors
and B lymphocytes. They have different aspects
depending on their activation state.

The Primary Follicles
At baseline, the lymphoid follicle appears homog-
enous and essentially contains small B lympho-
cytes and few histiocytes. A variable number of
T lymphocytes can also be observed. Frequently,

Trabeculae CO
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Spleen, Fig. 3 (a, b, and c) Gordon-Sweet staining
highlighting reticular fibers. (d) Alpha-actin staining. AL
arteriola lumen, CA central artery, CO cords, PALS peri-
arteriolar lymphoid sheath, RP red pulp, PFZ perifollicular

zone, SL sinus lumen, horizontal arrows adventitial fibers
of arterioles, vertical arrows abluminal fibers around
venous sinus
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the lymphoid follicle has two zones: a central
homogenous area made of mantle cells and a
clearer peripheral area (marginal zone). That
aspect can be found in less active spleens: physi-
ologically in subjects older that 50–60 or in sub-
jects being treated with immunosuppressive drugs
(which can lead to an atrophy of the splenic lym-
phoid tissue with all follicles reduced to small
homogenous nodules).

The Secondary Follicles (Fig. 4a): This Is the
Classical Pattern
When an antigenic stimulus occurs, the blood-
borne antigen is transmitted (probably by macro-
phages) to the follicular dendritic cells (FDCs)
that initiate and maintain the humoral immune
response and lead to the development of the sec-
ondary follicles with three distinct zones: the ger-
minal center, surrounded by the mantle zone, and
the inner part of the marginal zone.

The germinal center appears as a pale rounded
zone organized in two hemispheres (Victoria and
Blood 2012; Rademakers LH 1992):

The light zone is rich in small-, medium-, or
large-sized lymphoid cells referred as “centrocytes”

with irregular cleaved nuclei (elongated, triangular,
or pear-formed) that are characteristic of
B centrofollicular populations. It also contains
medium-sized blast-like cells with (round nucleus,
sometimes irregular, pale chromatin with small
nucleoli often symmetric and located against the
nucleus membrane, scarce cytoplasm amphophilic
with hematoxylin-eosin and basophilic with
Giemsa staining) and larger cells either
“centroblasts” (rounded or slightly irregular
nucleus, sometimes multi-lobular with a pale
scattered chromatin, 2–4 small nucleoli symmetri-
cally disposed, often against the thin nuclear mem-
brane, scarce cytoplasm amphophilic or basophilic
depending on the staining) or “immunoblasts”
(rounded nucleus, pale chromatin, large central
basophilic nucleolus, thick nuclear membrane,
and abundant basophilic cytoplasm with Giemsa
staining). These two cell types are plasma cell pre-
cursors. A few lymphocytes with a nucleus with
dense chromatin are dispersed in the light zone of
the germinal center. Many tingible-body macro-
phages (containing intracytoplasmic apoptotic bod-
ies) are responsible for the “starry-sky” pattern that
can be seen at low magnification and is the

Mantle
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Perifollicular
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First venous sinus 
lumen

Mantle
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Perifollicular
zone

First venous sinus 
lumen

GC

MZ

RP

RP

PFZ

RP

RPPALS PF

A B

C

Spleen, Fig. 4 (a) HES and CD68 staining (�40), (b, c)
PAS (�400). GC germinal center, MZ mantle zone, PALS
periarteriolar lymphoid sheath, PF primary follicles
(or secondary follicle cut tangentially), PFZ perifollicular

zone, RP red pulp, vertical arrow abluminal fibers around
venous sinus. Areas colored in red represent RBC observed
in the perifollicular zone
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consequence of the resorption of apoptotic stimu-
lated lymphoid B cells.

The dark zone is essentially constituted by
centroblasts and immunoblasts that will reach
the cords of the red pulp to form clusters of mature
plasma cells. Some mature plasma cells can be
found, scattered among the large cells. A few
tingible-body macrophages can also be observed.

Being a sphere, the germinal center can,
depending on the section plane, appear with the
two zones (as described above) or only with the
light or the dark zone (if the section plane concerns
only one or the other), giving an alternation of light
and dark germinal centers. This aspect is a good
argument for the reactive (and not tumoral) nature
of the follicles.

The germinal center also contains a meshwork
of follicular dendritic cells (FDC) that is compact in
the light zone and looser in the dark zone and can
only be clearly seen using immunohistochemistry.
It is however possible to recognize these cells
through the morphology of their nuclei. These are
large, oval, or elongated with a pale chromatin and
a medium nucleolus; they have frequently a double
nucleus with a triangular shape, attached by the
base. Both fibroblastic reticular cells and silver-
stained reticular fibers of supportive network are
absent from germinal centers (Fig. 3a, b).

FDC can bind IgG or IgM immune complexes
(via a receptor for FC fragment) with complement
C3 fraction via their surface receptor. The FDC can
then present the antigen to B lymphocytes that
differentiate into centroblasts following this stimu-
lus. Centroblasts will eventually become mature
plasma cells that secrete antibodies against the pre-
sented antigen. These antibodies progressively
spread from the blood to the interstitium and join
the germinal centers where they hide the presented
antigens and stop the stimulation of centrofollicular
cells. Some of these cells will become memory
B cells that recirculate and spread the antigenic
information to the rest of the immune system.

The Mantle Zone
The mantle zone (or corona) is a dark outer ring of
variable thickness, encircling the germinal center,
composed of small lymphocytes with nuclei
containing compact chromatin. The inner edge is

sharp, while the outer one, toward the marginal
zone, is blurred. The mantle cells are mostly
B naive or memory immunocompetent lympho-
cytes. Concentric layers of FDC network are
found at the inner part of the mantle zone.

The Marginal Zone or “Superficial Zone”
In rodents, a marginal sinus surrounds the PALS
and the follicles separating it from the marginal
zone (MZ) which contains B lymphocyte layers
and specialized macrophages (marginal meta-
llophilic macrophage and marginal zone macro-
phages). In human the marginal sinus is lacking
as well as phenotypically distinct macrophages
(although macrophages are present around the
follicles). Furthermore, this zone is not
supported by a unique stroma cell type (see
immunohistochemistry section). It is thus still
unclear whether a marginal zone should be indi-
vidualized in humans. This zone however con-
tains a special subset of B lymphocytes with a
common phenotype (referred as marginal zone
B lymphocytes), specialized in the humoral
T-independent response against encapsulated
bacteria. It has recently been proposed
(Steiniger 2015) to abandon the term “marginal
zone” and to use the term “superficial zone”
(see immunohistochemistry section). The zone
surrounding the follicles consists of a wide
meshwork of concentric flat microcirculatory
spaces (one to several layer) with a discontinu-
ous endothelial lining (Steiniger et al. 2001).
Stromal cells are elongated and contain smooth
muscle alpha-actin. In that zone, neutrophils,
monocytes, and erythrocytes accumulate
without conventional endothelial lining. Eryth-
rocytes can be distinguished on histologic
sections by an eosinophilic ring (Fig. 4b, c).
In practical terms we use the word PFZ to
describe, on conventional HES- or Giemsa-
stained sections, the zone lying between a
clearly visible mantle zone (densely packed
lymphocytes with dark nuclei) and the red pulp
identified by the presence of sinus lumens. This
zone contains the marginal zone (the peri-
follicular zone sensu stricto in some articles)
and the perifollicular part of the newly defined
superficial zone.
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Histologic Modifications Induced by Vaccinations
Preceding the Splenectomy
In order to prevent infectious complications, vacci-
nation against Streptococcus pneumonia,
Haemophilus influenzae, and Neisseria mening-
itidis (A and B) is recommended, 2 weeks before
splenectomy. These vaccinations induce histologic
modifications of the splenic lymphoid tissue that
have to be perfectly known by the pathologist to
avoid misdiagnosis. Vaccinations stimulate super-
ficial zones (or marginal zones), with a frequent
increase in the number of B immunoblasts.

The Red Pulp
The red pulp accounts for 75–80% of the weight
of the organ. It is made of sinuses (ducts lined

with specialized endothelial cells) separated by
cords of Billroth (loose connective tissue cords)
(Figs. 4a and 5). The endothelial cells of the
sinus are rod-shaped and lying side by side,
parallel to the major axis in the direction of the
blood stream. These cells are attached together
by junction structures. They are lying on a highly
discontinued basement membrane organized
into parallel strips arranged in rings like metal
hoops holding staves of a barrel. These rings are
anastomosed by other strips of basement mem-
brane connecting them together. A narrow space
(the inter-endothelial slit) of approximately
0,2–2 mm in diameter limited on two sides by
the bodies of two adjacent endothelial cells,
while the junction structure of the endothelial

Spleen, Fig. 5 (a) Red
pulp, PAS (�200) (b and c).
The PAS staining highlights
the discontinuous fibers
around the sinus wall
(�400)
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cells and the rings of the basement membrane
form the upper and lower limits of the slit. This
unique microanatomical structure allows the
passage only for fluids and deformable blood
cells. Actin- and myosin-like stress fibers run
parallel to the cellular axis and connect the endo-
thelial cells to the extracellular matrix, indicating
that there might be a mechanism by which the
width of these spaces between endothelial cell
bodies are controlled (Drenckhahn et al. 1986,
MacDonald et al. 1987). The basement mem-
brane, PAS positive, is highlighted by silver
impregnation technics (Vilder or Gordon-
Sweet) allowing a clear visualization of sinus
walls even in the geometrically complex red
pulp (Figs. 3a and 5).

The cords of Billroth are penetrated by a three-
dimensional network of reticular fibroblasts
that are anastomosed together, to the basement
membrane of the sinus and to the arteriolar
adventitia. Red pulp macrophages account
for approximately half the volume of the cords
(Groom et al. 1991), most of these large macro-
phages are lying beneath the endothelium of the
venous sinus, but some are observed in the sinus
lumen (Fig. 5). A various amount of erythrocytes
and lymphocytes are found in the cords together
with clusters of plasma cells (derived from the

precursors of the germinal centers). Those plasma
cells are polytypic and play a key role in the
maintenance of a constant rate of circulating anti-
bodies. B and T lymphocytes surround the small
arteries that end in the cords.

The lymphatic vessels emerge from the periphery
of the follicles. These lymphatics run in the adven-
titia of the arterial branches. Other lymphatic vessels
arise from the red pulp, in the zone of contact
between the trabeculae and the initial venules, and
run in the venous wall, underneath the endothelium.
These efferent lymphatic vessels join the hilum
lymph node.

Immunohistochemistry

The White Pulp

The Periarteriolar Lymphoid Sheath
Lymphocytes in the PALS are mainly T cells
(CD3+, CD5+) (Fig. 6a) with a predominance of
helper CD4+ T cells compared to cytotoxic CD8+

T cells. Few CD57+ lymphocytes are also present.
Histiocytes scattered between lymphocytes
express CD68 but not CD169 (sialoadhesin).
Interdigitating cells (CD1a+ and S-100 protein+)
and few mast cells are also present. A thin line of
small recirculating B lymphocytes (IgM+, IgD+,

CD21

A C

B

CD3

CD79a

Spleen, Fig. 6 White pulp (a) anti-CD3 highlighting T-cell zone of the PALS (�40), (b) anti-CD79a highlighting the
b cell zones of the follicle (�100), and (c) anti-CD21 highlighting themeshwork of follicular dendritic cells of the follicles
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CD27�) and of switched B lymphocytes surround
the PALS.

The FRCs of the PALS meshwork express
CD271, CD90 (thy-1), CD141 (thrombo-
modulin), and CD105; SMA and MadCAM-1
are only sparsely expressed (Steiniger 2015).

Lymphoid Follicles
Centrofollicular populations (centrocytes,
centroblasts, and immunoblasts) display a
B phenotype; express CD20, CD79a, CD10, and
BCL-6; but are BCL-2 and CD5 negative
(Fig. 6b). The high proportion of Mib-1-positive
cells is related to the high mitotic activity. Plasma
cells are CD138+ but often CD20� and contain
polytypic intracytoplasmic immunoglobulin
(Kappa or Lambda), very predominantly IgM.

T lymphocytes are always present in the folli-
cles (referred as follicular T cells). Their number
varies but can be important. These cells express
the classical pan-T markers (particularly CD3 and
CD5) but also specific markers: BCL-6, PD1, and
CXCL13. The major part of the T population is
CD4+, sometimes expresses CD57, but a minority
of lymphocytes is CD8+.

The stromal cells of the follicles are a three-
dimensional network of follicular dendritic cells
(FDCs), CD21+, CD23+, and CD35+, and are also
highlighted by more specific anti-clusterin anti-
bodies (Fig. 6c), they are negative for CD141,
CD105, MAdCAM-1, and SMA.

The Mantle Zone
Mantle cells are mostly B immunocompetent lym-
phocytes, naive or memory, expressing B markers
(CD20, CD79a), CD21, and CD23 but are CD27�

and for the majority of them CD5� although a
minor subset expresses CD5. Above all, these
lymphocytes strongly express IgD, which is a
very good marker of normal mantle cells. They
lose the expression of IgD while entering in the
germinal center where they are activated by the
contact with the antigen presented by the FDC and
become centroblasts. However, numerous T cells
can be distinguished scattered among the
B lymphocytes; they are mostly CD4 but some-
times CD8. CD21 and CD23 immunostaining

reveals concentric layers of FDC network at the
inner part of the corona.

The Marginal Zone or Superficial Zone
As mentioned, there is no widely accepted refer-
ence definition for the marginal zone in humans.
Descriptions of the marginal zone rely on analo-
gies with the rodent spleen and on immunological
rather than on microanatomical observations. This
immunologically defined splenic marginal zone
corresponds to where specialized IgM+, IgD+,
and CD27+ B lymphocytes home and displays a
T-independent response against encapsulated bac-
teria. These marginal zone B cells are considered
as pre-activated B lymphocytes that can differen-
tiate rapidly in plasma cells secreting IgM.

Few B immunoblasts are scattered in that zone.
T cells, CD4+ or CD8+, are particularly abundant
at the junction between the follicles and the PALS.
These T cells (especially CD4+) can form strips,
extending toward the periphery of the marginal
zone and separating it from the red pulp or some-
times separating the marginal zone in two layers
and defining the inner and the outer marginal
zone. Macrophages expressing CD68 but not
CD169 (sialoadhesin) are scattered in the
marginal zone.

In additions to FRCs (in the PALS) and FDCs
(in the follicles and the mantle zone), a third type
of stromal cells of the white pulp (“non-FRCs/
non-FDCs” or “superficial stroma cells”) has
been recently described (Steiniger et al. 2014) at
the superficial part of the PALS and in the outer
part of the marginal zone. These cells have vari-
able phenotypes according to their location but are
usually CD271� (or +/�), MAdCAM-1+, CD141+

or �, SMA+ or �, CXCL13+, and CCL21+.
In the new definition that has been proposed

(Steiniger 2015), the inner marginal zone,
supported by FDCs and occupied by CD27+
IgM+ IgD+ large B cells, would belong to the
outer part of the mantle zone, while the outer
marginal zone, supported by a different type of
stroma cell (non-FRCs/non-FDCs) that are con-
tinuous with the stromal cells of the superficial
PALS, would belong to the “superficial zone”
newly defined.
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Recirculating and Memory B Lymphocytes
B-lymphocyte subpopulations were identified
using immunohistochemistry within the mantle
zone and the marginal zone. Most of mantle zone
B lymphocytes strongly express IgD. On the
other hand, in marginal zone, the number of
cells expressing IgD depends on the develop-
ment of the germinal center (the more the germi-
nal center is activated, the more the cells
expressing IgD are present). Memory B cells
express CD27; this protein is a member of the
TNF receptor family. The expression of CD27
is correlated with the presence of somatic
mutations in the immunoglobulin genes. Thus,
centroblasts often express CD27; the mantle
zone B lymphocytes are IgD+ but CD27� in
stimulated follicles and in children. In adults
and in non-stimulated follicles, B cells const-
ituting the center of the primary follicles
are mostly IgD�. Some authors distinguish
small recirculating B cells IgM+, IgD+, and
CD27� and memory B cells IgM+, IgD+/�, and
CD27+.

The outer part of the mantle zone (or inner
part of the marginal zone) includes mostly
recirculating B lymphocytes CD27� and
memory B lymphocytes CD27+. The superficial
zone (or outer layer of the marginal zone),
which extends along the PALS surface,
mainly contains recirculating B lymphocytes
CD27�.

The Red Pulp

Sinuses
Endothelial cells forming the sinus wall express
CD31, Factor VIII, CD8, CD206, CD141, and
sometimes CD34 (Fig. 7). They contain smooth
muscle alpha-actin. Histiocyte markers have been
inconstantly observed on these cells.

Red Pulp Arterioles and Capillaries
Small red pulp arterioles are surrounded by
stroma cells SMA+ and MAdCAM-1+ and
B and T lymphocytes. Some of the red pulp
capillaries are covered by sheath composed
by concentric layers of cuboidal stromal cells
with high expression of CD271, macrophages
CD68+ and CD163�, and migrating
B lymphocytes.

Cords of Billroth
The cords contain a variable number of erythro-
cytes, macrophages CD68+ and CD163+, and
cytotoxic lymphocytes (CD8(+)/TiA-1(+)) but
also gamma-delta and NK lymphocytes. Plasma
cells form clusters together with lymphocytes
around the terminating arterioles. Those
B territories are the equivalent to the medullary
cords of lymph nodes. Plasma cells derive from
the precursors of the germinal centers; they are
polytypic and play a key role in maintaining a
constant level of various circulating antibodies.

Spleen, Fig. 7 Red pulp,
anti-CD8 highlighting the
endothelial cells of the sinus
wall and a few lymphocytes
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Stroma cells are fibroblast producing the extracel-
lular matrix, expressing SMA, CD271, and
cytokeratin 8/18.

Function

1/Blood Cell Filtration and Elimination of
Intraerythrocytic Bodies
The splenic red pulp acts like a blood filter which
can eliminate blood-borne pathogens as well as
senescent or abnormal blood cells. It also rids
erythrocytes from intracytoplasmic inclusions.
Those properties are supported by a unique
vascular architecture. From the splenic artery, the
arterial blood flows to trabecular arteries, central
arteries, and terminating arterioles and then finally
divides into the “closed and fast” circulation
(80–90% of the inflow) and the “open and slow”
circulation (10–20% of the inflow).

In the closed and fast circulation, blood is
thought to flow directly from the terminating
arteriole through the perifollicular zone to the
venous sinus (Groom 91), bypassing the RBC
filtration beds of the red pulp. The venous
sinuses then converge to pulp veins that will
enter in the trabeculae and drain the venous
blood into the portal system. The perifollicular
zone is a dispatching area for lymphocytes and –
at least in rodents – a zone for capture and pro-
cessing of soluble antigens. Of note, if a “close”
microcirculatory bed is defined by a continuous
lining of conventional endothelial cells, the flat
perifollicular spaces limited by specialized
MadCAM-positive cells (where red blood cells
are observed, Fig. 5b, c) are not a conventional
“closed” circulation. These perifollicular micro-
circulatory beds are not as “open” as the cords in
the red pulp, where RBCs circulate between
macrophages and which are only limited by the
abluminal side of endothelial cells in the wall of
sinuses. However, they are not as closed as a
conventional small tubular vessels limited by
conventional CD34+ endothelial cells. No spe-
cific word has been proposed to describe this
peculiar, original, half-open, or “ajar” microcir-
culatory space.

In the open and slow circulation, terminating
arterioles discharge their blood content directly
into the reticular meshwork of the red pulp cords
(or cords of Billroth). The blood flow is approx-
imately 20 times slower in the slow than in the
fast circulation (Groom et al. 1991). Thus, blood
cells and blood-borne antigens circulate through
the tissue without endothelial lining, having
close and prolonged contact with splenic macro-
phages and other resident cells that can phago-
cytize pathogens and altered red blood cells.
Plasma flow is slow but uninterrupted from arter-
ies to veins through the cords and then across the
sinus walls. Surface interactions or mechanical
forces retain surface-altered or poorly deform-
able blood cells in the cords. Blood-borne anti-
gens are captured and transmitted to the
follicular dendritic cells (FDC) of the follicles.
The relative stagnation of blood in the slow and
open circulation has been considered by several
(though not all) authors as associated with a
decrease in pH and oxygen levels. This
may contribute to the destruction of abnormal
or foreign cells (such as tumor cells) and to the
sickling of HbS-containing RBC. Once in the
cords, these cells are in contact with cytotoxic
T cells that contribute to their destruction.
To reach the venous sinus from the cords and
reenter the general circulation, blood cells
engaged in the slow pathway have to squeeze
through narrow slits formed by discontinuous
endothelial cells constituting the sinus
wall (Groom et al. 1991). Each type of blood
cell will cross the inter-endothelial slit acco-
rding to their deformability properties. Thus,
polynuclear cells, monocytes, and normal
platelets will cross readily the slits, while abnor-
mal platelets, coated with autoantibodies
(forming clusters enable to pass through the
slits), will be retained and eliminated by
macrophages.

Red blood cells crossing the sinus wall
undergo a considerable deformation: if the
cells are not sufficiently deformable, they will
be retained upstream from the sinus wall in the
cords and eliminated. Thereby, senescent
and abnormal RBCs that have lost their
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property to deform are removed from the cir-
culation. Furthermore, RBCs that contain
undeformable intracellular bodies (Howell-
Jolly bodies, intraerythrocytic parasites) will
be groomed of them without hemolysis. This
phenomenon is called “pitting.”

Cord macrophages are specialized in erythro-
phagocytosis and recycle iron. The phagocytosis
of pathogens in the splenic circulation initiates
antigen presentation to immune cells, thereby
connecting blood filtration to the antigen-
specific response. Moreover, the red pulp also
hosts plasmablasts and plasma cells, leading to
rapid antibody release in the bloodstream
(Moebius et al. 2005).

2/Immune Function
The spleen is the largest secondary lymphoid
organ of the body; it can initiate innate and
adaptive immune responses and trap and remove
blood-borne antigens. It is the most important
organ for lymphocyte recirculation and an
important reservoir of memory B cells and most
likely also of monocytes. Splenectomy is
associated with an important reduction of the
memory B-cell population expressing IgD
and CD27 and presenting somatic mutations.
The spleen also has the capacity to regulate del-
eterious immune responses (Bronte and Pittet
2013). Various subsets of T and B lymphocytes,
FDC, and macrophages are found in the splenic
parenchyma.

Marginal zone B lymphocytes provide an
early humoral T-cell-independent response
producing anti-polysaccharide IgM, which are
essential to the phagocytosis of encapsulated
bacteria (Streptococcus pneumoniae, Neisseria
meningitidis, and Haemophilus influenza type b).
This explains why splenectomy or functional hypo-
splenism are associatedwith a higher risk of invasive
infections related to these microorganisms. Why
splenectomy is also associated with higher risks of
thromboembolic complications and hematological
malignancies (Kristinsson 2014) is not yet known
but likely lies is the structural and functional pecu-
liarities of the original but still poorly explored
human spleen.

Table with Important Diseases (Links)

Specific
organ Affected by diseases like

Spleen Spleen rupture (traumatic or related to an
underlying disease) Spleen infarction
Hamartoma Portal hypertension
Hypersplenism Bacterial, viral (EBV, HIV,
etc.), mycotic

(candidiasis, etc.) parasitic (malaria, etc.)
infections Erythrocyte diseases: sickle cell
disease, thalassemia, hereditary
spherocytosis Lymphoid, myeloid, and
accessory cell disorders: lymphoma,
myeloproliferative neoplasms, follicular
dendritic cell sarcoma, etc. Vascular lesions:
angioma, peliosis, littoral cell angioma,
angiosarcoma Rare diseases: sclerosing
angiomatoid nodular transformation
(SANT) of the splenic red pulp

The table should contain links to important diseases of the
respective organ. A complete list of all contributions can be
found at http://oesys.springer.com/pathology by going to
“download current List of Contributions as a PDF document”
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Synonyms

Splenic lymphoma with villous lymphocytes

Definition

The term splenic marginal zone lymphoma (SMZL)
was initially proposed by Schmid and Isaacson in
1992 (Schmid et al. 1992) for describing a B-cell
lymphoma involving the spleen with
a micronodular infiltration pattern and a peculiar
morphology suggesting marginal zone origin. The
splenic histology and peripheral blood features in
these cases was overlapping with those found in the
condition termed as “splenic lymphomawith villous
lymphocytes” (Matutes et al. 1994); thus both con-
ditions were assumed to represent the same
lymphoproliferative disorder and integrated into
a single condition, denominated as splenic marginal
zone lymphoma.

The use of the term “marginal zone l-
ymphoma” (MZL) has been frequently under-
stood as indicating a close relationship to
the other marginal zone–derived tumors,
marginal zone lymphoma in mucosa-associated
lymphoid tissue (MZL-MALT), and nodal
MZL. However, the clinical, immunophenotypic,
and molecular features of SMZL differ from those
of other marginal zone lymphomas, indicating
that SMZL is a distinct clinicopathological entity
that should be recognized separately.

A detailed description of this entity has been
recently published by an international cooperative
group, describing with detail diagnostic criteria,
staging, and therapeutic recommendations
(Matutes et al. 2008).

Clinical Features

The frequency of SMZL appears to be around
1–2% of all lymphomas. The median age at diag-
nosis is around 65 years,with a range from30 to 90,
without gender predominance. Almost all patients
have some degree of bone marrow and peripheral
blood involvement. Serum paraproteinemia (usu-
ally IgM) is observed in 10–28% of cases.

SMZL is a low-grade tumor, with a survival
probability at 5 years that varies from 65% (for
patients diagnosed alter splenectomy) to 81%
(for patients diagnosed in peripheral blood) (Liu
et al. 2013). Adverse clinical prognostic factors
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relate to a high tumor burden, presence of anemia
and or thrombocytopenia and poor performance
status (Montalban et al. 2014).

Different studies coincide on the relatively
favorable course of patients treated with splenec-
tomy, and the potential interest of fludarabine and/
or rituximab as effective therapy. The use of
rituximab in first-line therapy is being considered
as a potential effective strategy, and some clinical
trials have shown encouraging results.

HCV-positive patients seem to have benefit
from antiviral therapy. A small fraction of SMZL
cases harbor hepatitis C virus (HCV) – more fre-
quently in southern Europe – and therapy directed
against HCV may regulate the tumoral load in
these patients, thus underlying the potential role
of infectious agents in the pathogenesis of SMZL.
The theoretical role of infectious agents in the
pathogenesis of SMZL is also supported by the
existing similarities between SMZL and so-called
hyperreactive malarial splenomegaly.

A proportion of monoclonal lymphocytosis
cases carry on phenotype and genotype
suggesting that could be a preneoplastic condi-
tion for SMZL and/or splenic red pulp diffuse
small B-cell lymphoma.

Histology

Although the disease was initially described con-
sidering the morphology and immunophenotype
of the cells in the spleen, in most cases the diag-
nosis is now made based in the bone marrow and
peripheral blood findings, which usually provide
enough criteria to make an accurate diagnosis.

Splenic involvement in SMZL is characterized
by amicronodular lymphoid infiltrate in which
white pulp follicles are increased in both size and
number, with a variable degree of red pulp infiltra-
tion. In contrast with the organoid pattern of
involvement of the white pulp, mimicking the
architecture of normal splenic lymphoid follicles,
the red pulp more frequently demonstrates
a diffuse pattern of involvement, with obliteration
of the cords and sinuses (Fig. 1). Somehow,
intrasinusoidal involvement of the spleen is associ-
ated with intrasinusoidal bone marrow infiltration.

Tumoral cytology in the spleen has been termed
biphasic, emphasizing the presence of an inner core
of small B cells surrounded by a rim of clear cells
with marginal zone features, where scattered large
B-cells can be seen in variable proportion. Mar-
ginal zone cells show irregular nuclear contours
and moderately abundant, pale cytoplasm. With
striking frequency, it is possible to detect light-
chain restricted plasma cells present within the
germinal centers and/or in the splenic red pulp.

Bone marrow infiltration is the rule in SMZL,
although occasionally it may be difficult to recog-
nize on routine morphologic sections. CD20
staining helps to reveal the presence of
intertrabecular lymphoid aggregates and
intrasinusoidal small tumoral cells. The
intertrabecular nodules mimic the architecture and
cell composition of tumoral nodules in the spleen,
with the presence of reactive germinal centres
surrounded by marginal zone cells. Characteristi-
cally, CD20 staining reveals the presence of linear
aggregates of intrasinusoidal Bcells. None of these
findings is exclusive for SMZL, but their combina-
tion is quite characteristic (Franco et al. 1996;
Audouin et al. 2003; Ponzoni et al. 2012).

Peripheral blood involvement is less frequent
than bone marrow infiltration, but it is relatively
common to find as mall number of neoplastic
B cells in the blood, some of which may have
morphology described as villous, with small cyto-
plasmic projections at one pole of the rather abun-
dant cytoplasm.

Splenic hilarlymph nodesare quite commonly
involved in SMZL, but lymph node involvement
is infrequent in other localizations. In the involved
lymph nodes, neoplastic small cells without obvi-
ous marginal zone differentiation are arranged in
microfollicles. The cell composition of the tumor
seems to depend on the involved organ because in
lymph nodes the marginal zone component is not
usually identified, thus underlying the relevance
of the microenvironment in shaping SMZL mor-
phology (Mollejo et al. 1997).

Immunophenotype: Tumoral cells show
a marginal zone phenotype, with expression of
CD20+,IgD+ andMNDA+, absence of GCmarkers
(CD10, BCL6), and negativity for CD23,CD43,
CCND1, and Annexin A1. DBA44 expression has
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been found in only a small fraction of cases. MIB1
staining demonstrates a distinctive annular pattern,
indicating the presence of an increased growth frac-
tion in both the germinal centers and the cells occu-
pying the marginal zones (Fig. 1).

CD5 expression can be seen in otherwise typ-
ical SMZL cases, where it has been described to
be associated with higher lymphocytosis
(Baseggio et al. 2010).

Low expression of p53 is the most common
finding, although a small proportion of cases may
demonstrate increased p53 expression that is com-
monly associated with p53 mutations.

Genetics and Molecular Findings

The analysis of chromosome region 7q22-36
has shown allelic loss in 40% of cases,
a frequency much higher than that observed
in other B-cell neoplasms (Mateo et al. 1999).
This is a useful cytogenetic marker for this neo-
plasm, which may be used in conjunction with
other morphologic, phenotypic, and clinical
features.

Molecular studies have shown that Ig gene
stereotypes are present in up to 30% of
SMZL and are unrelated with HCV presence,

Splenic Marginal Zone Lymphoma, Fig. 1 Morphol-
ogy of splenic involvement by SMZL. Micronodular pat-
tern (a, b), with marginal zone differentiation (c) and

germinal centre replacement (d). Cd20 staining outlines
white and red pulp infiltration (e), while MIB1 staining
remarks the rim of proliferating marginal zone cells (f)
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indicating the role of unknown antigens presum-
ably regulating the survival of the neoplastic
cells (Xochelli et al. 2019).

Whole-exome sequencing in splenic marginal
zone lymphoma reveals mutations in genes
involved in marginal zone differentiation
–NOTCH2 and others- (Kiel et al. 2012; Rossi
et al. 2012; Martinez et al. 2014), thus giving
a basis for the morphological observation of
a prominent marginal zone differentiation (Schmid
et al. 1992). Recurrent mutations of KLF2,
a transcription factor important for B-cell differen-
tiation, have also been found in 20% of SMZL
cases (Piva et al. 2014). MYD88 L265P mutation
can be found in otherwise typical SMZL cases
(Troen et al. 2013); nevertheless SMZL cases
with MYD88 mutation should be investigated for
the presence of serum paraprotein and other find-
ings suggesting LPL (Hamadeh et al. 2014).

SMZL Differential

Splenic red pulp diffuse small B-cell lymphoma:
Cases of splenic B-cell lymphoma with a diffuse
splenic involvement by small B-cells have recently
been described by different groups (Fig. 2). These
cases have been shown to express CyclinD3,
CD180 and DBA44, carrying on an specific muta-
tional spectrum (Curiel-Olmo et al. 2017; Jallades
et al. 2017; Traverse-Glehen et al. 2012). Bone
marrow infiltration demonstrated a conspicuous
intrasinusoidal infiltration, whereas peripheral
blood involvement was similar to SMZL cells.
After reviewing some series of these cases, it has
been suggested that this could constitute a different
disorder than SMZL (Kanellis et al. 2010).

Hairy Cell Leukemia Variant

HCLv is a rare entity that has very little relation
with hairy cell leukemia (HCL). Typical HCLv
cases are distinguished by a prolymphocytoid
cytology with villous cytoplasmic prolongations.
Despite the name, this entity bears no relation to
HCL, with neoplastic cells being Annexin A1
negative. HCLv cases are resistant to

conventional HCL therapeutic regimens, yet
have varying responses to other regimens and
surgical approaches. HCLv is considered
a provisional entity in the new Lymphoma World
Health Organization Classification, under the
“splenic lymphoma/leukemia unclassifiable” cat-
egory, indicating that it awaits more accurate diag-
nostic criteria to define it fully.

Other Lymphoproliferative Processes

Splenic infiltration by other small B-cell lympho-
mas may mimic the pattern of SMZL, with FL,
MCL and CLL cases having been described to
show a micronodular pattern with marginal zone
differentiation. A precise diagnosis of SMZL may

Splenic Marginal Zone Lymphoma, Fig. 2 Diffuse red
pulp small B-cell lymphoma shows characteristic diffuse
pattern (a) of infiltration by small B-cells without marginal
or plasmacytic differentiation (b) that occupies both intra
and inter-sinusoidal spaces
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require the integration of clinical, morphologic,
immunophenotypic, and genetic information.

The differential diagnosis with lympho-
plasmacytic lymphoma (LPL) may be difficult
because old series of LPL have included cases
that now are considered to fall into the spectrum
of SMZL and vice versa. Small B-cell splenic
lymphoma cases with concurrent monoclonal
paraproteinemia, plasmacytic differentiation and
MYD88 L265P mutation are better considered as
lymphoplasmacytic lymphoma (Martinez-Lopez
et al. 2015), but bona fide SMZL cases may
carry on the MYD88 L265P mutation (Jimenez
et al. 2013; Martinez-Lopez et al. 2015).
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Synonyms

Fatal EBV-associated hemophagocytic syndrome;
Fulminant EBV-positive T-cell lymphoproli-
ferative disorder of childhood; Fulminant
hemophagocytic syndrome in children; Severe
chronic active EBV infection; Sporadic fatal
infectious mononucleosis

Definition

Systemic EBV-positive T-cell lymphoma of child-
hood is a life-threatening illness of children and
young adults, characterized by a clonal prolifera-
tion of EBV-infected T-cells with an activated
cytotoxic phenotype. It can occur shortly after
primary acute EBV infection or in the setting
of chronic active EBV infection (CAEBV). It has
rapid progression, with multiorgan failure,
sepsis, and death, usually within a timeframe of
days to weeks. A hemophagocytic syndrome is
nearly always present. This entity has some clini-
copathological features overlapping with those of
aggressive NK-cell leukemia (Quintanilla-
Martinez et al. 2017).

Systemic EBV-Positive T-Cell Lymphoma of Childhood 479

S



Clinical Features

• Incidence
Systemic EBV-positive T-cell lymphoma of
childhood occurs most often in children, ado-
lescents, and young adults from East Asia
(Japan, China, Taiwan, Korea), Latin America,
and rarely in Western countries (Quintanilla-
Martinez et al. 2000).

• Age
The median age of the time of diagnosis is
17 years (range 1–37 years) (Quintanilla-
Martinez et al. 2000; Suzuki et al. 2004).

• Sex
There is no sex predilection (Quintanilla-
Martinez et al. 2000).

• Site
Systemic EBV-positive T-cell lymphoma of
childhood is a systemic disease with the poten-
tial to involve all organ systems; however, the
CNS involvement is less often. The most com-
monly involved sites are the liver and spleen,
followed by lymph nodes, bone marrow, skin,
and lungs (Kikuta et al. 1993; Su et al. 1994;
Quintanilla-Martinez et al. 2000; Kimura et al.
2001; Suzuki et al. 2004).

• Treatment
Currently, an etoposide- and dexamethasone-
based regimen followed by allogenic hematopoi-
etic stem cell transplantation (the HLH-2004
protocol) is successfully administrated to few
patients (Kimura et al. 2012; Smith et al. 2014).

• Outcome
Most cases have a fulminant clinical course
resulting in death, usually from days to
weeks. The median survival is less than
1 year. Some patients have a well-documented
history of CAEBV (Quintanilla-Martinez et al.
2000; Kimura et al. 2012; Smith et al. 2014).

Microscopy

The lymph nodes are largely unremarkable with
often preserved architecture and open sinuses. The
lymph node shows expanded interfollicular area
with often residual regressive follicles (Fig. 1). The

interfollicular infiltrate is subtle to dense with a
broad cytological spectrum ranging from small- or
medium-sized lymphocytes to large atypical lym-
phocytes with hyperchromatic and irregular nuclei
(Fig. 2a). A variable degree of histiocytosis with
hemophagocytosis, nonsuppurative necrosis, and
angiocentric features are present (Fig. 3). Accurate
diagnosis cannot be made on the basis of morphol-
ogy alone. In-situ hybridization study to detect
EBV-harboring lymphoid cells is therefore essential
for the diagnosis. The splenic white pulp is incon-
spicuous to markedly depleted, whereas the sinu-
soids show a prominent lymphoid infiltration with
striking hemophagocytosis. The infiltrating lympho-
cytes are small and lack significant cytologic
atypia. The liver has prominent portal as well as
sinusoidal infiltrates of small lymphocytes and
hemophagocytic cells, cholestasis, steatosis, and
focal necrosis (Figs. 4 and 5). Bonemarrow biopsies
show histiocytic hyperplasia with prominent
hemophagocytosis (Quintanilla-Martinez et al.
2000, 2017).

Immunophenotype

The immunophenotype is of cytotoxic T-cell ori-
gin; CD3+, CD56-, TIA1+ (Fig. 2b–d, Fig. 6a–d).

Systemic EBV-Positive T-Cell Lymphoma of Child-
hood, Fig. 1 Systemic EBV-positive T-cell lymphoma
of childhood. The lymph node shows expanded
interfollicular area with non-suppurative necrosis. Follicles
are inconspicuous in H&E stain
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Systemic EBV-Positive T-Cell Lymphoma of Child-
hood, Fig. 2 Systemic EBV-positive T-cell lymphoma
of childhood. The interfollicular infiltrate is polymorphic

with some large cells with irregular nuclei (a). The infiltrating
cells are positive for CD3 (b), CD8 (c), and EBER (d)

Systemic EBV-Positive T-Cell Lymphoma of Child-
hood, Fig. 3 Systemic EBV-positive T-cell lymphoma
of childhood. The interfollicular infiltrate include numer-
ous histiocytes with some hemophagocytic cells

Systemic EBV-Positive T-Cell Lymphoma of Child-
hood, Fig. 4 Systemic EBV-positive T-cell lymphoma
of childhood. The liver shows expanded portal area with
a dense lymphoid infiltrate. Sinusoidal infiltration of lym-
phoid cells is also observed
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Most cases of secondary to acute primary EBV
infection are CD8-positive, whereas cases in the
setting of CAEBV are CD4-positive (Su et al.
1994; Quintanilla-Martinez et al. 2000; Kimura
et al. 2001; Smith et al. 2014).

Molecular Features

The neoplastic cells show a monoclonal T-cell
proliferation with rearranged TCR genes. All
patients exhibit a clonal episomal form of EBV
(Suzuki et al. 2004; Kimura et al. 2001). In-situ
hybridization for EBV-encoded small RNA
(EBER) is positive. All cases analyzed carry type
A EBV, with either wildtype or the 30 bp-deleted
product of the LMP1 gene (Quintanilla-Martinez

Systemic EBV-Positive T-Cell Lymphoma of Child-
hood, Fig. 5 Systemic EBV-positive T-cell lymphoma
of childhood. The liver shows a lymphoid infiltrate com-
posed of predominantly large cells with irregular nuclei
and prominent nucleoli

Systemic EBV-Positive T-Cell Lymphoma of Childhood, Fig. 6 Systemic EBV-positive T-cell lymphoma of
childhood. The infiltrating lymphoid cells in the liver are positive for CD3 (a), CD8 (b), TIA1(c) and EBER (d)
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et al. 2000, 2017; Suzuki et al. 2004). No consistent
chromosomal aberrations have been identified
(Kimura et al. 2001; Smith et al. 2014).

Differential Diagnosis

EBV plays a key pathologic role in several lym-
phoid neoplasms, including Burkitt lymphoma,
classical Hodgkin lymphoma, post-transplant
lymphoproliferative disorders, extranodal NK/T
cell lymphoma, nasal type, and nasopharyngeal
carcinoma. These are distinct neoplasms where
diagnosis is based on clear morphologic and
immunophenotypic criteria. However, the viral syn-
dromes associated with EBV have a range of clin-
icopathologic presentations including acute self-
limited infectious mononucleosis, rare fulminant
infections in patients with X-linked lymphoproli-
ferative disorder, CAEBV, EBV-related
hemophagocytic lymphohistiocytosis (EBV-HLH),
aggressive NK cell leukemia, and systemic EBV-
positive T-cell lymphoma of childhood
(SEBV+TCL). One main discriminator amongst
these entities is the viral integration into CD21+
B cells in IM and XLP versus T cells in the
remaining disease categories underlining the impor-
tance of double staining EBER/CD20 or EBER/
CD79a, EBER/CD3 to demonstrate the phenotype
of EBV positive cell. A second main discriminator
is the severity of disease. Severe Systemic CAEBV
of T and NK-cell type, with monoclonal EBV-
positive T-cell proliferation is part of the spectrum
of SEBV+TCL. It should not be referred to as
CAEBV to avoid confusion (Quintanilla-Martinez
et al. 2000; Ohshima et al. 2008). However, there is
overlap between those entities and correlation with
clinical presentation is important.
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T-Cell Large Granular
Lymphocytic Leukemia

Yi-Hua Chen and LoAnn Peterson
Department of Pathology, Northwestern
Memorial Hospital, Northwestern University,
Chicago, IL, USA

Synonyms

Large granular lymphocyte leukaemia; T-cell
large granular lymphocyte leukemia

Definition

T-cell large granular lymphocytic leukemia
(T-LGLL) is a rare, indolent lymphoproliferative
disorder characterized by a persistent expansion
of clonal cytotoxic CD3+ T lymphocytes with the
morphologic characteristics of large granular
lymphocytes (LGLs). This disorder is often
associated with cytopenias, most commonly
neutropenia and/or anemia, and splenomegaly is
frequently present. In approximately 45%
of patients, the T-LGLL co-exists with another
disease, especially autoimmune disorders,
with rheumatoid arthritis being the most common.

The initial proposed diagnostic criteria for
T-LGLL included the presence of greater than 2
� 109 /L LGLs in the peripheral blood. However,
it is now known that some cases do not have this

degree of large granular lymphocytosis and that
a lower count (>0.4 � 109/ml) may be consistent
with the diagnosis if other clinical and laboratory
features typical for T-LGLL are present. Features
important for the diagnosis include compatible
clinical characteristics, the documentation of an
immunophenotypically distinct T-cell population
characteristic of T-LGLL, and demonstration of
a clonal T-cell population. A bone marrow biopsy
should be performed to confirm the diagnosis and
is especially important if the number of LGLs in
the blood is not increased.

About one third of patients are asymptomatic
and diagnosed after a routine blood count is
performed. When symptoms are present, they are
usually related to neutropenia and include fever
with recurrent bacterial infections, often involving
skin, oropharynx, or perirectal areas. Physical
examination identifies splenomegaly in about
20–50% of patients and hepatomegaly in about
20%. Lymphadenopathy is rare.

Clinical Features

• Incidence
T- LGLL is rare and its exact incidence is not
known. Studies report a range of 2–5% of
chronic lymphoproliferative disorders in
North America to 5–6% in Asia.

• Age
The age at diagnosis ranges from 4 to 88 years
with a mean of approximately 60 years.

© Springer Nature Switzerland AG 2020
T. J. Molina (ed.), Hematopathology, Encyclopedia of Pathology,
https://doi.org/10.1007/978-3-319-95309-0

https://doi.org/10.1007/978-3-319-95309-0


• Sex
There is no male or female predilection.

• Site
The blood and bone marrow are always
involved by T-LGLL. The spleen is almost
always involved and the liver is commonly
involved.

• Treatment
The most common indications for treatment
are symptomatic neutropenia, anemia, or
rheumatoid arthritis. Standard therapy for this
disorder is not yet defined but immunosuppres-
sive drugs, such as prednisone, methotrexate,
cyclophosphamide, and fludarabine, have
been used with temporary response in most
patients and some responses have been seen
with cyclosporine A. Splenectomy is an option
for improving the neutropenia. GM- and
G-CSF have been tried to correct the neutrope-
nia but the results have been partial and tran-
sient. There is no curative therapy.

• Outcome
T-LGLL is usually an indolent disorder; how-
ever, it is clinically heterogeneous. Some
patients remain asymptomatic for years while
rare patients experience spontaneous remis-
sions; rare patients manifest an aggressive clin-
ical course. The overall prognosis of patients
with T-LGLL is good with>80% survival over
10 years.

Macroscopy

Not applicable.

Microscopy

A characteristic feature of T-LGLL is the presence
of a variably expanded population of LGLs in the
peripheral blood. The neoplastic cells are morpho-
logically indistinguishable from normal LGLs;
they are large or medium sized with round nuclei
containing dense chromatin and lacking a visible
nucleolus. The cytoplasm is moderate to abundant
and clear or lightly basophilic and exhibits prom-
inent azurophilic granules. In some instances, the
lymphocytes are medium to small sized and, in

rare cases, granules are inconspicuous or absent
(Fig. 1).

The bone marrow is usually slightly hyper-
cellular or normocellular and mildly to moder-
ately infiltrated by LGLs. In trephine biopsies,
the infiltrate is often subtle with interstitial,
intrasinusoidal, and occasional small focal
accumulations of LGLs. Intrasinusoidal infiltra-
tion is present in two thirds of T-LGLL cases
and characterized by a short linear array of
lymphocytes within the sinusoids. Immunohis-
tochemical stains for CD3, CD57, CD8, TIA-1,
or granzyme B are often helpful in highlighting
the lymphoid infiltrates (Fig. 2). Lymphoid
aggregates are often present but they have
immunophenotypic characteristics of benign
lymphoid aggregates composed of B cells and/
or CD4+ T cells rather than of cytotoxic T-
lymphocytes. Neutrophils are typically normal
to moderately decreased; they usually show
a normal maturation sequence but may show
a shift to immaturity. Erythroid precursors are
normal to increased in number although rare
cases may exhibit red cell aplasia.

The spleen is almost always involved with
the lymphocytic infiltrate primarily in the red
pulp and sinuses. The liver is also commonly
involved; the LGLs infiltrate the portal and
sinusoidal areas (Fig. 3). Lymph nodes are
not usually affected but may show some para-
cortical infiltration by LGLs.

T-Cell Large Granular Lymphocytic Leukemia,
Fig. 1 Large granular lymphocytes with abundant cyto-
plasm and prominent cytoplasmic granules in the blood
smear from a patient with T-cell large granular lymphocytic
leukemia
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Immunophenotype

The lymphocytes of T-LGLL are mature cytotoxic
T cells that are usually CD8+ and CD4-. Aberrant
expression of one or more T-cell associated anti-
gens is present in most cases with CD5 or CD7
being the most frequently decreased or lost; dimin-
ished expression of CD2 or CD3 occurs but is less
frequent. Occasional cases of T-LGLL express
CD4 with or without CD8; rare cases are dual
CD4/CD8 negative. A characteristic feature of
T-LGLL is aberrant co-expression of CD16 and
CD57, although CD57 is often only partially
expressed. CD56 is usually absent. The neoplastic
lymphocytes express the cytotoxic effector
proteins, perforin, granzyme B and M, and TIA1.
Most cases express the T-cell receptor (TCR) alpha
beta; a small subgroup (about 5%) is positive for

TCR gamma delta, and these cases also appear to
have an overall indolent clinical course. In about
one half of cases, the cells express killer immuno-
globulin-like receptors (KIRs). An exclusive
expression of a single KIR antigen (CD158a,
CD158b, or CD158e) assessed by flow cytometry
is a surrogate indicator of clonality.

Molecular Features

Clonal chromosomal abnormalities have been
identified in T-LGLL including aberrations of chro-
mosomes 6, 7, 8, and 14; however, no recurrent
clonal aberrations have been identified.

Documentation of a clonal T cell population is
required for diagnosis of T-LGLL and is usually
demonstrated by clonal TCR gene rearrangement

T-Cell Large Granular Lymphocytic Leukemia,
Fig. 2 (a) The infiltrate of T-cell large granular lympho-
cytic leukemia in trephine biopsy is often subtle on H&E
stained section. (b) Immunohistochemical stain for CD3

highlights the interstitial and intrasinusoidal infiltrate, and
the latter is characterized by a short linear array of lym-
phocytes within the sinusoids (inset)

T-Cell Large Granular Lymphocytic Leukemia,
Fig. 3 (a) T-cell large granular lymphocytic leukemia
primarily involves the red pulp and sinuses in spleen.

(b) The lymphoid infiltrate is highlighted by immunohis-
tochemical stain for CD3
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by the polymerase chain reaction (PCR). Most
cases show a TCRb gene rearrangement; in rare
cases, the TCRb is germline but TCRg is
rearranged.

Point mutations of STAT3 have been identified
in about 40% of patients with T-LGLL. STAT5b
mutations have been identified in a small number
of patients.

Differential Diagnosis

Amajor challenge in the diagnosis of T-LGLL is to
distinguish it from reactive expansions since reac-
tive expansions of LGLs can be seen in many
conditions including viral infections (i.e., Epstein
Barr virus, cytomegalovirus, hepatitis B and
C virus, HIV), autoimmune disorders, post-solid
organ or hematopoietic stem cell transplantation,
non-T-cell lymphoid neoplasms, and
hemophagocytic syndrome. The expanded T-cell
populations in these conditions are often transient
and polyclonal but may be persistent and
oligoclonal or clonal. Oligoclonal or clonal
populations can also be found in normal elderly
individuals. Therefore, documentation of T-cell
clonality alone is insufficient for the diagnosis.
It is essential to evaluate all clinical and laboratory
features demonstrate an immunophenotypically
abnormal T-LGL population and document
clonality in order to establish a diagnosis of
T-LGLL.

A primary diagnostic consideration for
T-LGLL is chronic lymphoproliferative disorder
of NK cells which can be distinguished from
T-LGLL by flow cytometric immunophe-
notyping. T-LGLL must also be distinguished
from aggressive NK-cell leukemia and extranodal
NK/T cell lymphomas. This is usually not
a problem since both of these neoplasms are
EBV-associated while T-LGLL is not and their
morphology, immunophenotype, and aggressive
clinical courses differ from T-LGLL. Distinction
between hepatosplenic T-cell lymphoma
(HSTCL) of gamma delta type and T-LGLL with
gamma delta TCR can be challenging, especially
when the gamma delta T-LGLL is negative for
both CD8 and CD4 (CD3+, CD5-, CD8-, CD4-).

These two disorders share some clinical features
and pathologic features; however, the morphol-
ogy of the neoplastic cells in HSTCL is usually
more atypical than in T-LGLL, and the
intrasinusoidal infiltration in HSTCL is character-
ized by expansion of the sinusoids rather than
short linear (1-cell layer) arrays of neoplastic
T cells seen in T-LGLL. Also, of importance,
most cases of HSTCL exhibit an isochromosome
7q while LGLL does not.
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Synonyms

T-cell-rich B-cell lymphoma
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Definition

T-cell-/histiocyte-rich large B-cell lymphoma
(THRLBCL) is a large B-cell lymphoma with a
low tumor cell content (<10% of the infiltrate),
an abundant microenvironment with a high con-
tent of histiocytes and usually advanced clinical
stage and an aggressive clinical behavior.

Clinical Features

• Incidence
Since THRLBCL has been classified as a var-
iant of diffuse large B-cell lymphoma
(DLBCL) for many years, no recent data on
the exact incidence of THRLBCL exist.
Extrapolating from a study from 1991,
THRLBCL was found as misdiagnosis in
around 5% of Hodgkin lymphomas (HL)
(Chittal et al. 1991). As the incidence of HL
is around 3:100,000 (Küppers et al. 2012),
the estimated incidence of THRLBCL may be
around 0.1:100,000. However, in recent years,
THRLBCL has been better defined by the
availability of more immunohistochemical
markers, and therefore probably several of
the cases diagnosed as THRLBCL in the
past would nowadays be diagnosed either as
DLBCL, classical HL, or nodular lymphocyte-
predominant HL (NLPHL). Some EBV-
associated classical HL cases can show a
prominent histiocyte-rich microenvironment
mimicking THRLBCL. Since some studies
included EBV-positive cases of THRLBCL
(Lim et al. 2002) or did not test their cases
for EBV (Delabie et al. 1992; Marafioti et al.
2004), older series may include a heteroge-
neous group of cases.

• Age
Like NLPHL, THRLBCL occurs in a broad
age range from adolescents to elderly persons
of 21–87 years (Chittal et al. 1991; Fraga et al.
2002; Greer et al. 1995) with a median age of
49 years (Achten et al. 2002b).

• Sex
THRLBCL shows a male predominance with
around 73% of the patients being males

(Achten et al. 2002b; Chittal et al. 1991;
Fraga et al. 2002), comparable to NLPHL.

• Site
THRLBCL frequently affects lymph nodes.
Since it is usually diagnosed in an advanced
clinical stage, also extranodal infiltrates are
observed, which are frequently located in the
spleen and liver (Achten et al. 2002a; Chittal
et al. 1991; Fraga et al. 2002; Greer et al. 1995).
The bone marrow is less frequently affected.
The infiltrates in the spleen and liver usually
respect the original architecture of the organs
and are found in small nodules within the
enlarged white pulp/portal tracts (Delabie
et al. 1992; Dogan et al. 2003), respectively.
These usually micronodular infiltrates are
indistinguishable from atypical variants of
NLPHL infiltrating the spleen or liver.

• Treatment
As the group of THRLBCL includes a hetero-
geneous group of cases, only very limited data
on the optimal treatment of these patients exist.
Since THRLBCL was considered to be a var-
iant of DLBCL for many years, patients were
usually treated according to the protocols for
DLBCL (CHOP, CHOP-like, R-CHOP)
(Achten et al. 2002b). Some patients do not
well respond to this treatment and therefore
require additional treatment such as high-dose
chemotherapy and autologous stem cell trans-
plant. However, since the number of patients
with THRLBCL is small, no separate clinical
trials on this entity exist or larger trials includ-
ing patients with THRLBCL have not been
evaluated specifically for treatment outcome
of these patients.

• Outcome
The clinical behavior of THRLBCL is usually
aggressive and the outcome relatively poor.
With CHOP and CHOP-like protocols, the
median OS was 31 months, with a 50% sur-
vival at 3 years and a 45% survival at 5 years
(Achten et al. 2002b). With R-CHOP the
3-year overall survival rate was 75%
(Kim et al. 2014). Both in the pre-rituximab
and rituximab era, the outcome of THRLBCL
patients was not significantly different from
DLBCL, not otherwise specified (Bouabdallah
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et al. 2003; El Weshi et al. 2007; Kim et al.
2014). However, due to the small number of
cases, which have been analyzed in a retro-
spective fashion, only limited information on
the outcome of THRLBCL is available.

Macroscopy

Lymph nodes affected by THRLBCL are usually
markedly enlarged. The cut surface is gray. Necro-
sis may be present.

Microscopy

The infiltrate in THRLBCL is usually diffuse
or only shows a vaguely nodular pattern. It is
mainly composed of histiocytes with ovoid nuclei
and a broad cytoplasm. In some cases these his-
tiocytes can also be of epithelioid morphology.
Admixed with these histiocytes are some small
lymphocytes with inconspicuous nuclei and sin-
gle scattered large blasts. The latter represent the
neoplastic component in this lymphoma (Fig. 1).
The morphology of these blasts can be relatively
variable (Lim et al. 2002). They frequently
show popcorn-like nuclei. However, frequently,
also Reed-Sternberg-like, immunoblast-like, and
centroblast-like nuclei can be observed in the
same case (Camilleri-Broet et al. 1996). To make

the diagnosis of de novo THRLBCL, it is impor-
tant that an entire lymph node is excised and
entirely embedded to rule out the presence of
small remnants of NLPHL, which can also show
extensive areas of THRLBCL-like transforma-
tion. If possible, all sections should be stained
with CD20 to rule out the presence of a residual
NLPHL component. Particularly in cases with a
vaguely nodular pattern, a residual NLPHL com-
ponent can frequently be found which qualifies
these cases as THRLBCL-like transformation of
NLPHL (Swerdlow et al. 2016, 2017). It remains
unclear if the cases in which typical NLPHL nod-
ules are not identified still represent a transforma-
tion of NLPHL, and the diagnosis of THRLBCL
or NLPHL with THRLBCL-like transformation
is largely dependent on sampling. In fine needle
biopsies, the diagnosis of THRLBCL cannot be
made as it cannot sufficiently be differentiated
from THRLBCL-like transformation of NLPHL.
The same holds true for liver and spleen biopsies,
since NLPHL infiltration in these organs strongly
resembles THRLBCL.

It also occurs that cases of NLPHL with
transformation into DLBCL show certain areas
of THRLBCL-like transformation with a high
histiocyte content. The tumor cells of pure
THRLBCL usually represent less than 10% of
the infiltrate and mainly show a scattered distri-
bution. Usually tumor cells with the typical mor-
phology of LP cells are found admixed with

T-Cell-/Histiocyte-Rich Large B-Cell Lymphoma,
Fig. 1 T-cell-/histiocyte-rich large B-cell lymphoma
(THRLBCL). (a) Overview of THRLBCL showing abun-
dant histiocytes with admixed small lymphocytes and few
scattered neoplastic large blasts (HE, 200�). (b) High

magnification of THRLBCL. Neoplastic blasts with
popcorn-like nuclei and eosinophil nucleolus (highlighted
by arrows, HE, 400�). The morphology of these cells can
be relatively variable as discussed in the Morphology
Section
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smaller tumor cells resembling oversized centro-
blasts. Hodgkin-Reed-Sternberg-like tumor cells
can also occur (Lim et al. 2002). If this is the case,
it is particularly important to rule out the differ-
ential diagnosis of a histiocyte-rich classical
Hodgkin lymphoma. The tumor cells of
THRLBCL can be easily picked up in H&E
staining due to their hyperchromatic and lobulated
nuclei. Some cases may present necrosis as well
as smaller clusters of tumor cells, which can show
a perivascular distribution.

In contrast to most of the atypical NLPHL
variants, the microenvironment of THRLBCL
and THRLBCL-like transformation of NLPHL
contains abundant histiocytes, mainly of the non-
epithelioid type (Tousseyn and De Wolf-Peeters
2011), which strongly express metal-binding pro-
teins and provide a tolerogenic microenvironment
for the tumor cells (Hartmann et al. 2013c; Van
Loo et al. 2009). This type of histiocytes probably
mainly contributes to the dissemination and the
aggressiveness of this lymphoma in contrast to the
usually histiocyte-poor NLPHL forms. Whereas
in pure THRLBCL typically almost no reactive
B cells are found, THRLBCL-like transformation
of NLPHL usually contains few reactive naive
B cells, which can be highlighted in IgD staining.
T cells are equally present in THRLBCL as well
as THRLBCL-like transformation of NLPHL.
However, they are generally less abundant than
in other atypical forms of NLPHL (Hartmann
et al. 2013a). The reduced number of T cells/area
in THRLBCL probably results from the high
number of histiocytes, since these histiocytes
are relatively large and expand the preexisting
structures of the affected lymph nodes. The
relatively low microvessel density in THRLBCL
can also be explained by the high histiocyte con-
tent, also distending preexisting vascular struc-
tures (Scheidt et al. 2016). In THRLBCL and
THRLBCL-like transformation of NLPHL, the
CD4/CD8 ratio is distorted toward an increased
number of nonactivated cytotoxic CD8 cells
(Felgar et al. 1998; Hartmann et al. 2013a) as it
is also seen in secondary DLBCL derived from
NLPHL (Schuhmacher et al. 2016). This strong
host anti-lymphoma response may be responsible
for the usually observed low tumor cell content

in THRLBCL. In a gene expression study of
DLBCL, a subgroup of cases, mainly containing
THRLBCL, was identified by a strong host anti-
lymphoma immune response (Monti et al. 2005)
similar to the one observed in secondary DLBCL
derived from NLPHL (Schuhmacher et al. 2016).
However, this is in conflict with a recent
flow cytometry study in which a high number of
CD4+ T cells were observed in the microenviron-
ment combined with a B-cell lymphopenia in the
peripheral blood (Kunder et al. 2017).

Immunophenotype

The immunophenotype of the tumor cells
in THRLBCL is practically identical to LP cells
of NLPHL. They present a preserved B-cell phe-
notype with expression of CD20 (Fig. 2), CD79,
CD19, PAX5, OCT2, CD75 (Fig. 3), BOB.1,
LSP1, and BCL6 (Dogan et al. 2003; Marafioti
et al. 2004). EMA is expressed by the tumor cells
in most cases (Chittal et al. 1991; Delabie et al.
1992; Fraga et al. 2002; Stein et al. 1986). They
are negative for CD10, PU.1, and EBER. Occa-
sional cases may present IgD positivity of the
tumor cells (Prakash et al. 2006). Follicular den-
dritic cells (CD21 or CD23) are usually not found
in the microenvironment of de novo THRLBCL

T-Cell-/Histiocyte-Rich Large B-Cell Lymphoma,
Fig. 2 Neoplastic cells in THRLBCL are positive
for CD20. Hardly any reactive B cells are detected in
CD20 immunostaining (CD20 immunostaining 100�,
inset 400�)
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and may point to remnants of NLPHL in cases,
which are transformed NLPHL. Cases with CD30
expression in the tumor cells have been reported.
However, in these cases, it is of paramount impor-
tance to exclude other differential diagnoses.

Molecular Features

The tumor cells of THRLBCL are like the LP cells
of NLPHL derived from germinal center B cells.
It was shown in single-cell PCRs of immunoglob-
ulin genes that they present clonally rearranged
and mutated V genes with intraclonal diversity of
some of the observed mutations, consistent with
ongoing somatic hypermutation (Bräuninger
et al. 1999). In studies of classical comparative
genomic hybridization (CGH), the tumor cells of
THRLBCL showed less genomic aberrations than
the LP cells of NLPHL (Franke et al. 2001, 2002).
However, this is in conflict with a more recent
analysis by array CGH, where the opposite was
observed (Hartmann et al. 2015). Gene expression
profiles of the microdissected tumor cells of
THRLBCL were relatively similar to the LP
cells of NLPHL (Brune et al. 2008; Hartmann
et al. 2013a), suggesting that both lymphomas
represent a spectrum of the same disease with
differences in the microenvironment and clinical
behavior. This is supported by more recent
findings that the tumor cells of THRLBCL and
NLPHL share mutation events in the same

genes, like JUNB, DUSP2, SGK1, and SOCS1
(Schumacher et al. 2018 in revision).

Differential Diagnosis

The differential diagnoses of THRLBCL com-
prise all kinds of lymphomas with scattered large
blastoid B cells. First of all this includes the dif-
ferent variants of NLPHL. The THRLBCL-like
transformation of NLPHL is probably the most
difficult differential diagnosis, which can only
be delineated from THRLBCL when a sufficient
large lymph node has been excised. Even in this
setting, it is impossible to rule out that THRLBCL
has arisen from NLPHL, since the patients usually
present an advanced clinical stage, so that sam-
pling of all affected tissues certainly is impossible.
Although generally atypical forms of NLPHL
present in a more advanced clinical stage and
have a higher relapse risk (Fan et al. 2003;
Hartmann et al. 2013b), particularly the cases
with extensive THRLBCL-like areas (Fan pattern
E according to Fan et al. (2003)) frequently pre-
sent spleen and liver involvement and an aggres-
sive clinical behavior, thus resembling primary
THRLBCL. Therefore, in the future, treatment
of both lymphomas may be adapted, so that a
differentiation between both lymphomas resulting
in different treatment modalities will not anymore
be necessary. All other atypical NLPHL variants
are relatively easily delimitable from THRLBCL,

T-Cell-/Histiocyte-Rich Large B-Cell Lymphoma,
Fig. 3 The immunophenotype of the neoplastic cells in
THRLBCL is practically identical to that of LP cells in
nodular lymphocyte-predominant Hodgkin lymphoma.

(a) Neoplastic cells are positive for Oct2 (highlighted by
arrows, Oct2 immunostaining, 400�). (b) Neoplastic cells
are positive for CD75 (highlighted by arrows, CD75
immunostaining, 400�)
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since they usually retain scattered small reactive,
IgD-positive B cells and do not present
such a high histiocyte content as de novo
THRLBCL or NLPHL cases with THRLBCL-
like transformation. Sometimes, cases of NLPHL
with transformation in DLBCL and additional
THRLBCL-like areas can be observed. This
emphasizes the importance of an adequate sam-
pling in patients with clinically advanced disease,
since in fine needle biopsies only one part of
this complex lesion may be present.

Other differential diagnoses include atypical
cases of classical HL with a preserved B-cell
phenotype. This differential diagnosis can be
challenging in EBV-negative cases with only par-
tial CD30 or CD15 expression.

T-cell lymphomas with single scattered
B blasts are another frequent differential diag-
nosis. In most T-cell lymphomas with single
scattered large B blasts, these are EBV-infected,
which rules out a diagnosis of THRLBCL. How-
ever, also rare T-cell lymphoma cases with EBV-
negative HRS-like cells with a preserved B-cell
phenotype may occur (Nicolae et al. 2013).
In these cases, it is of paramount importance
to study the phenotype of the associated T cells,
since in most cases of T-cell lymphomas these
have a follicular T-helper cell (TFH) phenotype.
In THRLBCL a variable to high amount of PD-1-
positive T cells can be observed (Hartmann et al.
2013a; Ohgami et al. 2014); however the T-cell
component does not show a complete TFH phe-
notype. Another strong indicator for a T-cell
lymphoma is of course the presence of T-cell
clonality. However, in THRLBCL, sometimes a
small predominant clonal peak with polyclonal
background can be observed in T-cell receptor
rearrangement studies.
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Synonyms

Piringer-Kuchinka lymphadenitis

Definition

Toxoplasma lymphadenitis is the localized
manifestation of acute infection by parasite
Toxoplasma gondii in lymph nodes. Morphologi-
cally, Toxoplasma lymphadenitis is classically
characterized by three histological findings:
(1) follicular hyperplasia, (2) small aggregates of
epithelioid histiocytes in the cortex and paracortex
with infiltration of germinal centers, and (3) prom-
inent monocytoid B cells.

Toxoplasma gondii is an Apicomplexan proto-
zoan parasite that undergoes replication within the
gut of its definitive host, the cat. Transmission to
humans (considered intermediate hosts) occurs
through ingestion of oocysts, which are shed in
the feces of the cat for a 1–3 week period during
acute infection (Montoya and Liesenfeld 2004).
Following ingestion, the oocysts transform into
tachyzoites, which multiply and spread resulting
in inflammation and tissue damage that manifest
clinically as symptomatic infection. Eventually,
the tachyzoites transform into bradyzoites and
form tissue cysts that persist throughout the life
of the host organism. Infection of humans occurs
directly through ingestion of oocysts from cat
feces or ingestion of tissue cysts from uncooked
meat, or indirectly through vertical transmission,
blood transfusion, or organ transplantation
(Montoya and Liesenfeld 2004).

Human infection by T. gondii results in one of
three clinical scenarios depending on the status of
the host and timing of infection: (1) acute infec-
tion of the non-pregnant immunocompetent host,
which typically results in self-limited asymptom-
atic or minimally symptomatic disease (most
commonly an enlarged lymph node in the head
and neck); (2) congenital infection of the fetus,
which occurs through acute maternal infection
during pregnancy; and (3) reactivation of a latent
infection in an immunocompromised host, which
may progress to disseminated and life-threatening
disease, most often due to CNS involvement
(Montoya and Liesenfeld 2004). The diagnosis
of Toxoplasma lymphadenitis and its distinction
from other processes causing lymphadenopathy
depends on laboratory testing and frequently his-
topathology of affected tissue.
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Clinical Features

• Incidence
Toxoplasma infection is highly prevalent
throughout the world, but rates of seropositiv-
ity vary by geographic region. In the United
States, serologic studies have shown evidence
of prior Toxoplasma infection in approxi-
mately 20–40% of the general population by
middle age, and the infection rate in some
developing countries is over 70% (Montoya
and Liesenfeld 2004). However, only about
10% of acute Toxoplasma infections of immu-
nocompetent adults and children are symptom-
atic, with lymphadenopathy being the most
common symptom. Overall, Toxoplasma
lymphadenitis is implicated in 3–7% of symp-
tomatic lymphadenopathies that come to clini-
cal attention. Generalized systemic symptoms
such as fever, malaise, or fatigue occur in
20–40% of cases (McCabe et al. 1987).

• Age
Most patients with Toxoplasma lymphadenitis
present in the third decade of life. Large series
have demonstrated a mean age of 26–28, with
a broad range of 3–76 years (McCabe et al.
1987).

• Sex
There is a slight female predominance in most
reported series. In children less than 15 years
old, there may be a higher prevalence in boys
than girls, while in patients over 24 years old
women predominate (McCabe et al. 1987).
The reasons for the unequal sex distribution
are unclear, but may be due to a greater interest
in detecting Toxoplasma infection in women of
child-bearing age to prevent congenital
toxoplasmosis.

• Site
Approximately 90% of cases of Toxoplasma
lymphadenitis present with lymphadenopathy
of the head and neck (McCabe et al. 1987), and
the involvement of posterior cervical or occip-
ital nodes (unilateral or bilateral) is most com-
mon. Involvement of other sites, such as
axillary, inguinal, and anterior chest wall/
breast lymph nodes, is seen less frequently.
A solitary lymph node is most commonly

affected, although involvement of multiple
nodes within a region or several nodes in dif-
ferent anatomic regions does occur. The
involved lymph nodes are firm, mobile, may
be tender or non-tender, and are usually less
than 3 cm in size.

• Treatment
Treatment is generally not indicated for non-
pregnant immunocompetent patients with
asymptomatic or symptomatic infection. Treat-
ment may be considered in cases of particularly
severe or long-standing disease, and a common
regimen includes pyrimethamine, sulfadiazine,
and folinic acid for 4–6 weeks. For pregnant
women affected by acute Toxoplasmosis,
which may present as lymphadenitis, immedi-
ate treatment is indicated, typically with
spiramycin. Treatment is also indicated in
patients with chorioretinitis and in immuno-
compromised patients (Montoya and
Liesenfeld 2004).

• Outcome
Toxoplasma lymphadenitis is a self-limited
disease and typically resolves within 4–6
weeks following acute infection. However,
cases of chronic lymphadenopathy and
waxing and waning lymphadenopathy attrib-
utable to Toxoplasma infection have been
reported. Acute toxoplasmosis occurring in
pregnant women may be transmitted to the
fetus, resulting in congenital toxoplasmosis.
The rate of transmission of Toxoplasma to the
fetus is highest when the mother is infected
late in gestation and typically results in sub-
clinical disease, with sequalae such as
chorioretinitis or growth restriction that may
occur decades later. Maternal infection early
in gestation results in a more severe congen-
ital toxoplasmosis that may lead to fetal
demise.

Gross Pathology

Involved lymph nodes are diffusely enlarged, typ-
ically ranging from 0.5 to 3 cm, without distinct
nodularity or mass lesion, and are firm or rubbery
to palpation. The cut surface is fleshy and tan to
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pink, without obvious obliteration or effacement
of the normal architecture. Adherent fat may be
encountered secondary to associated periadenitis.

Microscopy

The classic triad of histopathologic findings in toxo-
plasma lymphadenitis are: (1) follicular hyperpla-
sia; (2) small clusters of epithelioid histiocytes that
infiltrate germinal centers; and (3) clusters and
strands of monocytoid B cells filling subcapsular
and trabecular sinusoids (Figs. 1 and 2) (Dorfman
and Remington 1973). One large series on the his-
tologic features of lymph node toxoplasmosis
found that 85–95% of lymph nodes from affected
patients demonstrated the typical histologic appear-
ance described above (Miettinen 1981). Nodal
architecture is maintained, although it can appear
distorted due to the above processes.

Reactive germinal centers are abundant in
nearly all cases. The paracortex is often hyperplas-
tic and hypervascular, with scattered large
immunoblasts that may occasionally mimic the
Reed-Sternberg cells of classical Hodgkin lym-
phoma. The epithelioid histiocytes have abundant
eosinophilic cytoplasm and large ovoid nuclei with
dispersed to finely granular chromatin, and they
occur individually and in small clusters.
Langhans-type giant cells are rare and well-formed

granulomas extremely rare in toxoplasma lymph-
adenitis. The histiocyte aggregates are classically
present in the paracortex and particularly along the
edges of, and infiltrating into, germinal centers
(Figs. 3 and 4), a feature present in over 90% of
confirmed cases (Miettinen 1981).

Strands and aggregates of monocytoid B cells
are seen in 80–90% of cases. These cells tend to fill
the subcapsular and trabecular sinuses and cluster
around blood vessels (Miettinen 1981). Mono-
cytoid B cells are approximately 1.5–2 times the

Toxoplasma Lymphadenitis, Fig. 1 Low-power view
of a lymph node with classic features of toxoplasma
lymphadenitis. There is follicular hyperplasia with loose
clusters of epithelioid histiocytes in the paracortex and
infiltrating germinal centers

Toxoplasma Lymphadenitis, Fig. 2 Prominent subcap-
sular monocytoid B cells are present, along with epithelioid
histiocytes adjacent to follicles. Periadenitis with mononu-
clear inflammatory cells infiltrating the lymph node cap-
sule is present in the upper right

Toxoplasma Lymphadenitis, Fig. 3 The epithelioid
histiocytes (upper right) have dispersed chromatin and
non-pigmented eosinophilic. Monocytoid B cells (upper
left) appear pale due to more abundant, pale eosinophilic
cytoplasm compared to the surrounding lymphocytes
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size of small mature lymphocytes, with more abun-
dant pale eosinophilic cytoplasm, central ovoid to
angulated nuclei and relatively dispersed chromatin
(Figs. 5 and 6). Plasma cells and occasional
scattered neutrophils are not infrequently seen in
association with the monocytoid B cells. However,
collections of neutrophils and necrosis are generally
absent. Another fairly common but less well-
recognized feature of toxoplasma lymphadenitis is
periadenitis, or extension of mononuclear inflam-
matory cells into the extracapsular perinodal fat,
which is reported in 84% of cases (Miettinen
1981). Toxoplasma cysts are rarely encountered in

lymph nodes with toxoplasma lymphadenitis and
are not necessary for the diagnosis. They may be
seen more frequently in immunocompromised indi-
viduals, associated with areas of necrosis.

Immunophenotype

Antibodies specific for Toxoplasma gondii are
commercially available. However, immunohisto-
chemistry is rarely positive in lymph nodes
affected by toxoplasma lymphadenitis in immu-
nocompetent patients, even those showing the
characteristic histologic findings. This corre-
sponds to the infrequent presence of Toxoplasma
cysts in active infection. The monocytoid B cells
are positive for B-cell markers such as CD20 and
PAX5, and are negative for Bcl6 and Bcl2 pro-
teins, while the aggregates of epithelioid histio-
cytes may be highlighted by histiocyte markers
such as CD68 and CD163.

Laboratory and Molecular Testing

Correlation with Toxoplasma serology is useful
and is positive in 95% of cases with classic histo-
logic features. However, such studies are often not
available at the time of histologic examination;
indeed, suspicion based on pathologic findings
often prompts confirmatory serologic testing.

Toxoplasma Lymphadenitis, Fig. 4 High power view
of clusters of epithelioid histiocytes impinging on
a follicle. The histiocytic aggregates are present both in
the mantle zone and within the germinal center itself (lower
right)

Toxoplasma Lymphadenitis, Fig. 5 Monocytoid
B cells (bottom) adjacent to a germinal center in a case of
toxoplasma lymphadenitis. Scattered epithelioid histio-
cytes are also seen singly and in clusters at the margin of
the follicle

Toxoplasma Lymphadenitis, Fig. 6 High-power view
of an aggregate of monocytoid B-cells, which have oval to
indented nuclei, relatively dispersed chromatin, and abun-
dant pale or eosinophilic cytoplasm. There are rare
admixed neutrophils
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Acute infection is suggested by the presence of
both IgG and IgM antibodies. Documented sero-
conversion, or a four-fold rise in IgG titer in
samples collected approximately 4 weeks apart,
is consistent with acute infection. IgG antibodies
occur within the first few weeks after infection
and persist indefinitely. A variety of testing
modalities for IgG antibodies including ELISA,
the Sabin-Feldman dye test, and immunofluores-
cent antibody tests are available. IgM antibodies
occur within the first week of infection, subse-
quently increase, and eventually disappear over
a variable time period, although they may persist
even years after infection. False positive rates are
high with many commercially available Toxo-
plasma IgM assays, so correlation with other lab-
oratory testing is necessary (Montoya and
Liesenfeld 2004). IgG avidity assays may be
useful to determine the timing of infection:
a highly avid IgG antibody signifies remote infec-
tion (>4 months previously), whereas an IgG
antibody with low avidity indicates a more recent
infection.

PCR-based assays for the detection of Toxo-
plasma gondii DNA sequences (most commonly
in the B1 gene) are available. Such testing is
typically used in blood samples from immuno-
compromised patients who may have low or
undetectable antibody levels; it can also be
performed on amniotic fluid, spinal fluid, or vit-
reous/aqueous humor fluid to confirm congenital,
CNS, or ocular infection, respectively. PCR detec-
tion of T. gondii in lymph node tissue from cases
of toxoplasma lymphadenitis is inconsistent. One
study identified ToxoplasmaDNA by PCR in only
1/9 affected lymph nodes (Weiss et al. 1992),
while another showed positivity in 10/12 lymph
nodes showing the classic histologic triad of
toxoplasma lymphadenitis; however, the latter
study also showed positivity in 6/26 lymph
nodes without the classic triad, raising questions
about the specificity of Toxoplasma DNA testing
(Lin and Kuo 2001). In general, the characteristic
histopathologic features along with serologic
evidence provide reasonable assurance of the
diagnosis in the majority of cases, obviating the
need to confirm Toxoplasma gondii DNA
sequences by PCR.

Differential Diagnosis

The differential diagnosis of toxoplasma lymph-
adenitis includes other lymphadenopathies that
manifest with follicular proliferations and epithe-
lioid histiocytes, including infectious etiologies
and some lymphomas (Miettinen 1981). In gen-
eral, observing the classic triad of histopathologic
features of Toxoplasma lymphadenitis allows dis-
tinction from these other entities.

Non-specific follicular hyperplasia often
shows scattered individual epithelioid histiocytes,
but clusters of epithelioid histiocytes and the other
morphologic features of toxoplasma lymphadeni-
tis are not seen.

Infectious mononucleosis or CMV lymphadeni-
tis can occasionally have an appearance very sim-
ilar to toxoplasma lymphadenitis, including the
presence of monocytoid B cells, but such cases
typically show more prominent paracortical rather
than follicular hyperplasia and do not have con-
spicuous clusters of epithelioid histiocytes. Large,
nucleolated immunoblasts are frequent in EBV
infection and there may be necrosis, which is not
characteristic in toxoplasma lymphadenitis. In dif-
ficult cases, in situ hybridization for EBV-encoded
RNA (EBER) and immunohistochemistry for
CMVallows distinction. Early cat-scratch disease
is characterized by follicular hyperplasia with
monocytoid B cells and occasional histiocytes
within the sinuses, while in more well-developed
cases there are aggregates of neutrophils associated
with necrosis and surrounding palisading histio-
cytes; these features are not seen in toxoplasma
lymphadenitis. Bartonella organisms may be seen
by silver stains in cat-scratch disease. Granuloma-
tous lymphadenitis due to mycobacterial infection,
fungal infection, or sarcoidosis can show some
degree of morphologic overlap with toxoplasma
lymphadenitis. They are distinguished by the pres-
ence of well-formed granulomata with or without
necrosis: toxoplasma lymphadenitis rarely if ever
presents with well-organized granulomata. Leish-
mania lymphadenitis may be indistinguishable
from toxoplasma lymphadenitis and correlation
with clinical findings and laboratory testing is
needed. Leishmania organisms, present within epi-
thelioid histiocytes, are more commonly seen in
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histologic sections than organisms in toxoplasma
lymphadenitis, and can be visualized by Giemsa
staining. HIV lymphadenopathy characteristically
demonstrates follicular hyperplasia and prominent
monocytoid B cells within sinuses. Epithelioid his-
tiocytes are occasionally present. Features favoring
HIVover toxoplasma lymphadenitis include florid
follicular hyperplasia (often with thinned mantle
zones) and follicle lysis. The characteristic cluster-
ing of epitheliod histiocytes and their pattern of
germinal center involvement in toxoplasma
lymphadenitis is not seen in HIV
lymphadenopathy.

Lymphomas that contain groups of epithelioid
cells may be confused histologically with
toxoplasma lymphadenitis. Furthermore, clinical
concern for lymphoma often drives the biopsy of
lymph nodes that turn out to be toxoplasma
lymphadenitis, so caution is needed in avoiding an
overzealous diagnosis of lymphoma in this setting.
General features that favor lymphoma include
effacement of normal nodal architecture, which is
preserved in toxoplasma lymphadenitis. Confusion
between classical Hodgkin lymphoma and toxo-
plasma lymphadenitis is not uncommon as both
often have groups of epithelioid histiocytes; more-
over, partial involvement of a lymph node byHodg-
kin disease in an interfollicular pattern may show
preserved reactive germinal centers. Nodular lym-
phocyte predominant Hodgkin lymphoma fre-
quently has groups of epithelioid histiocytes, and
the paracortical immunoblasts of toxoplasma
lymphadenitis may be confused with LP cells
(Miettinen 1981). Close attention to the overall
histologic features that suggest Toxoplasma lymph-
adenitis and the absence of diagnostic Reed-
Sternberg cells (or atypical nodular proliferations

containing LP cells) can help avoid misdiagnosis as
Hodgkin lymphomas.

Other entities that may infrequently show his-
topathologic changes similar to toxoplasma
include: herpes simplex lymphadenitis, which is
distinguished by areas of necrosis associated
with the histiocytes, prominent paracortical
hyperplasia, and viral inclusions; syphilitic
lymphadenitis, which shows follicular hyperpla-
sia but also usually a marked plasmacytosis and
the presence of spirochetes on silver stain or
T. pallidum-specific immunohistochemistry;
and dermatopathic lymphadenopathy, in which
the histiocytes are pigment-laden and are not
found in association with germinal centers, in
contrast to those of toxoplasma lymphadenitis.
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WHO (World Health Organization) classification
of hematopoietic and lymphoid tumors is based
on defining diseases that can be recognized by
pathologists and that appears to be distinct clinical
entities. Since almost 20 years, this classification
associates the European Association for
Haematopathology and the Society for
Hematopathology (USA) as well as a clinical
advisory committee. Hematopathologists, hema-
tologists, oncologists, and geneticists are involved
in the committee. The aim is to compromise on the
definitions and nomenclature of the different dis-
eases in interaction with the WHO and IARC
(International Agency for Research on Cancer).

This compromise should facilitate the use of this
classification by all the pathologists over the
world in the aim to compare disease frequency,
prognosis, and response to therapy. Today, the
tools to be able to classify the tumors expand
and comprised cytopathology, histopathology,
paraffin sections immunohistochemistry and/or
in situ hybridization, flow cytometry
immunophenotypic analysis, molecular studies
such as clonality by PCR, detection of transloca-
tion by FISH or PCR, CGH array, gene expression
analysis, next-generation sequencing for mutation
detection, and detection of viral genes or proteins
in tumor cells. All these tools allow to better
define diagnosis, prognosis, and sometimes
response to therapy (targeted or not):

For each disease listed (Table 1), there are
different chapters on definition, synonyms,
ICD-O code, epidemiology, localization, clinical
features, microscopy (peripheral blood, tissues
involved), immunophenotype, postulated normal
counterpart, genetic profile, genetic susceptibility,
prognosis, and predictive factor. There is no single
gold standard by which all diseases are defined in
the WHO classification.

Some entities are yet not considered to be
distinct clinical entities and therefore are

© Springer Nature Switzerland AG 2020
T. J. Molina (ed.), Hematopathology, Encyclopedia of Pathology,
https://doi.org/10.1007/978-3-319-95309-0

https://doi.org/10.1007/978-3-319-95309-0


WHO Classification of Tumors of Hematopoietic and
Lymphoid Tissues, Table 1 2016 classification of
tumors of hematopoietic and lymphoid tissues

Myeloproliferative neoplasms (MPN)

Chronic myeloid leukemia, BCR-ABL1-positive

Chronic neutrophilic leukemia

Polycythemia vera

Primary myelofibrosis (PMF)

Primary myelofibrosis, prefibrotic/early stage

Primary myelofibrosis, overt fibrotic stage

Essential thrombocythemia

Chronic eosinophilic leukemia, not otherwise specified
(NOS)

Myeloproliferative neoplasm, unclassifiable

Mastocytosis

Cutaneous mastocytosis

Systemic mastocytosis

Mast cell sarcoma

Myeloid/lymphoid neoplasms with eosinophilia and
gene rearrangement

Myeloid/lymphoid neoplasms with PDGFRA
rearrangement

Myeloid/lymphoid neoplasms with PDGFRB
rearrangement

Myeloid/lymphoid neoplasms with FGFR1
rearrangement

Provisional entity: myeloid/lymphoid neoplasms with
PCM1-JAK2

Myelodysplastic/myeloproliferative neoplasms
(MDS/MPN)

Chronic myelomonocytic leukemia

Atypical chronic myeloid leukemia, BCR-
ABL1-negative

Juvenile myelomonocytic leukemia

Myelodysplastic/myeloproliferative neoplasm with
ring sideroblasts and thrombocytosis

Myelodysplastic/myeloproliferative neoplasm,
unclassifiable

Myelodysplastic syndromes (MDS)

MDS with single lineage dysplasia

MDS with ring sideroblasts and single lineage
dysplasia

MDS with ring sideroblasts and multilineage dysplasia

MDS with multilineage dysplasia

MDS with excess blasts

MDS with isolated del(5q)

MDS, unclassifiable

Provisional entity: refractory cytopenia of childhood

Myeloid neoplasms with germline predisposition

Acute myeloid leukemia with germline CEBPA
mutation

Myeloid neoplasms with DDX41 mutation

(continued)

WHO Classification of Tumors of Hematopoietic and
Lymphoid Tissues, Table 1 (continued)

Myeloid neoplasms with RUNX1 mutation

Myeloid neoplasms with ANKRD26 mutation

Myeloid neoplasms with ETV6 mutation

Myeloid neoplasms with GATA2 mutation

Acute myeloid leukemia (AML) and related
neoplasms

Acute myeloid leukemia with recurrent genetic
abnormalities

AML with t(8;21)(q22;q22.1); RUNX1-RUNX1T1

AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22);
CBFB-MYH11

Acute promyelocytic leukemia (APL) with PML-RARA

AML with t(9;11)(p21.3;q23.3); MLLT3-KMT2A

AML with t(6;9)(p23;q34.1); DEK-NUP214

AML with inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2);
GATA2, MECOM

AML (megakaryoblastic) with t(1;22)(p13.3;q13.3);
RBM15-MKL1

Provisional entity: AML with BCR-ABL1

AML with mutated NPM1

AML with biallelic mutations of CEBPA

Provisional entity: AML with mutated RUNX1

Acute myeloid leukemia with myelodysplasia-related
changes

Therapy-related myeloid neoplasms

Acute myeloid leukemia, NOS

AML with minimal differentiation

AML without maturation

AML with maturation

Acute myelomonocytic leukemia

Acute monoblastic and monocytic leukemia

Pure erythroid leukemia

Acute megakaryoblastic leukemia

Acute basophilic leukemia

Acute panmyelosis with myelofibrosis

Myeloid sarcoma

Myeloid proliferations related to Down syndrome

Transient abnormal myelopoiesis associated with
Down syndrome

Myeloid leukemia associated with Down syndrome

Blastic plasmacytoid dendritic cell neoplasm

Acute leukemias of ambiguous lineage

Acute undifferentiated leukemia

Mixed phenotype acute leukemia with t(9;22)(q34.1;
q11.2); BCR-ABL1

Mixed phenotype acute leukemia with t(v;11q23.3);
MLL rearranged

Mixed phenotype acute leukemia, B/myeloid, NOS

Mixed phenotype acute leukemia, T/myeloid, NOS

(continued)
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WHO Classification of Tumors of Hematopoietic and
Lymphoid Tissues, Table 1 (continued)

Mixed phenotype acute leukemia, NOS, rare types

Acute leukemias of ambiguous lineage, NOS

B lymphoblastic leukemia/lymphoma

B lymphoblastic leukemia/lymphoma, NOS

B lymphoblastic leukemia/lymphoma with t(9;22)
(q34.1;q11.2);BCR-ABL1

B lymphoblastic leukemia/lymphoma with t
(v;11q23.3);KMT2A rearranged

B lymphoblastic leukemia/lymphoma with t(12;21)
(p13.2;q22.1); ETV6-RUNX1

B lymphoblastic leukemia/lymphoma with
hyperdiploidy

B lymphoblastic leukemia/lymphoma with
hypodiploidy

B lymphoblastic leukemia/lymphoma with t(5;14)
(q31.1;q32.3) IL3-IGH

B lymphoblastic leukemia/lymphoma with t(1;19)
(q23;p13.3);TCF3-PBX1

Provisional entity: B lymphoblastic leukemia/
lymphoma, BCR-ABL1-like

Provisional entity: B lymphoblastic leukemia/
lymphoma with iAMP21

T lymphoblastic leukemia/lymphoma

Provisional entity: early T-cell precursor
lymphoblastic leukemia

Provisional entity: natural killer (NK) lymphoblastic
leukemia/lymphoma

Mature B-cell neoplasms

Chronic lymphocytic leukemia/small lymphocytic
lymphoma

Monoclonal B-cell lymphocytosis, CLL-type

Monoclonal B-cell lymphocytosis, non-CLL-type

B-cell prolymphocytic leukemia

Splenic marginal zone lymphoma

Hairy cell leukemia

Provisional entity: splenic B-cell lymphoma/leukemia,
unclassifiable

Provisional entity: splenic diffuse red pulp small
B-cell lymphoma

Provisional entity: hairy cell leukemia-variant

Lymphoplasmacytic lymphoma

Waldenström macroglobulinemia

IgM monoclonal gammopathy of undetermined
significance (MGUS)

Heavy chain diseases

Mu heavy chain disease

Gamma heavy chain disease

Alpha heavy chain disease

Plasma cell neoplasms

(continued)

WHO Classification of Tumors of Hematopoietic and
Lymphoid Tissues, Table 1 (continued)

Non-IgMmonoclonal gammopathy of undetermined
significance (MGUS)

Plasma cell myeloma

Solitary plasmacytoma of bone

Extraosseous plasmacytoma

Monoclonal immunoglobulin deposition diseases

Primary amyloidosis

Light and heavy chain deposition diseases

Extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT lymphoma)

Nodal marginal zone lymphoma

Provisional entity: pediatric nodal marginal zone
lymphoma

Follicular lymphoma

In situ follicular neoplasia

Duodenal-type follicular lymphoma

Testicular follicular lymphoma

Pediatric-type follicular lymphoma

Provisional entity: large B-cell lymphoma with IRF4
rearrangement

Primary cutaneous follicle center lymphoma

Mantle cell lymphoma

In situ mantle cell neoplasia

Diffuse large B-cell lymphoma (DLBCL), NOS

Germinal center B-cell type

Activated B-cell type

T-cell-/histiocyte-rich large B-cell lymphoma

Primary DLBCL of the central nervous system (CNS)

Primary cutaneous DLBCL, leg type

EBV-positive DLBCL, NOS

Provisional entity: EBV+ mucocutaneous ulcer

DLBCL associated with chronic inflammation

Fibrin-associated DLBCL

Lymphomatoid granulomatosis grade 1, 2

Lymphomatoid granulomatosis grade 3

Primary mediastinal (thymic) large B-cell lymphoma

Intravascular large B-cell lymphoma

ALK-positive large B-cell lymphoma

Plasmablastic lymphoma

Primary effusion lymphoma

HHV8-positive DLBCL, NOS

HHV8-positive germinotropic lymphoproliferative
disorder

Burkitt lymphoma

Provisional entity: Burkitt-like lymphoma with 11q
aberration

High grade B-cell lymphoma, with MYC and BCL2
and/or BCL6 rearrangements

High grade B-cell lymphoma, NOS

(continued)
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considered provisional. From one classification to
the updated one, some changes occurred with
initial provisional that can become distinct clinical
entities. In addition, borderline entities between
two diseases have been defined as they that cannot
fit into a single. The order of diseases is in part
arbitrary.

WHO Classification of Tumors of Hematopoietic and
Lymphoid Tissues, Table 1 (continued)

B-cell lymphoma, unclassifiable, with features
intermediate between DLBCL and classical
Hodgkin lymphoma

Mature T- and NK-cell neoplasms

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Provisional entity: chronic lymphoproliferative
disorder of NK cells

Aggressive NK cell leukemia

Systemic EBV+ T-cell lymphoma of childhood

Chronic active EBV infection of T- and NK-cell type,
systemic form

Hydroa vacciniforme-like lymphoproliferative
disorder

Severe mosquito bite allergy

Adult T-cell leukemia/lymphoma

Extranodal NK/T-cell lymphoma, nasal type

Enteropathy-associated T-cell lymphoma

Monomorphic epitheliotropic intestinal T-cell
lymphoma

Intestinal T-cell lymphoma, NOS

Provisional entity: indolent T-cell lymphoproliferative
disorder of the GI tract

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis- like T-cell lymphoma

Mycosis fungoides

Sezary syndrome

Primary cutaneous CD30 positive T-cell
lymphoproliferative disorders

Lymphomatoid papulosis

Primary cutaneous anaplastic large cell lymphoma

Primary cutaneous gamma-delta T-cell lymphoma

Provisional entity: primary cutaneous CD8-positive
aggressive epidermotropic cytotoxic T-cell lymphoma

Provisional entity: primary cutaneous acral CD8+
T-cell lymphoma

Provisional entity: primary cutaneous CD4-positive
small/medium T-cell lymphoproliferative disorder

Peripheral T-cell lymphoma, NOS

Angioimmunoblastic T-cell lymphoma

Follicular T-cell lymphoma

Nodal peripheral T-cell lymphoma with T-cell
follicular helper (TFH) phenotype

Anaplastic large cell lymphoma, ALK positive

Anaplastic large cell lymphoma, ALK negative

(continued)

WHO Classification of Tumors of Hematopoietic and
Lymphoid Tissues, Table 1 (continued)

Provisional entity: breast implant-associated
anaplastic large cell lymphoma

Hodgkin lymphoma

Nodular lymphocyte predominant Hodgkin lymphoma

Classical Hodgkin lymphoma

Nodular sclerosis classical Hodgkin lymphoma

Lymphocyte-rich classical Hodgkin lymphoma

Mixed cellularity classical Hodgkin lymphoma

Lymphocyte-depleted classical Hodgkin lymphoma

Immunodeficiency-associated lymphoproliferative
disorders

Post-transplant lymphoproliferative disorders (PTLD)

Non-destructive PTLD

Plasmacytic hyperplasia PTLD

Infectious mononucleosis PTLD

Florid follicular hyperplasia PTLD

Polymorphic PTLD

Monomorphic PTLD (B- and T-/NK-cell types)

Classical Hodgkin lymphoma PTLD

Other iatrogenic immunodeficiency-associated
lymphoproliferative disorders

Histiocytic and dendritic cell neoplasms

Histiocytic sarcoma

Langerhans cell histiocytosis, NOS

Langerhans cell histiocytosis, monostotic

Langerhans cell histiocytosis, polystotic

Langerhans cell histiocytosis, disseminated

Langerhans cell sarcoma

Indeterminate dendritic cell tumor

Interdigitating dendritic cell sarcoma

Follicular dendritic cell sarcoma

Fibroblastic reticular cell tumor

Disseminated juvenile xanthogranuloma

Erdheim-Chester disease
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