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Small B-cell lymphomas of the spleen: how to tell them apart
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Abstract Various subtypes of small B-cell lymphoma can
involve the spleen, and their classification in splenectomy
specimens may be challenging. Accurate diagnosis of these
entities may be critical to ensuring appropriate treatment and
prognostication. We describe the types of small B-cell lym-
phoma that may involve the spleen and their differential
diagnosis, using splenic compartment of involvement (white
pulp vs. red pulp) as a diagnostic framework. Published liter-
ature on various lymphomas of the spleen, with an emphasis
on recently recognized entities and emerging molecular ge-
netic data, is reviewed. A multifaceted approach to diagnosis,
using clinical and laboratory data, morphology,
immunophenotype, and molecular genetic testing, is
discussed. Although relatively few small B-cell lymphoma
entities involve the spleen primarily, many systemic lympho-
mas may involve the spleen secondarily, and some recently
described entities are encountered with relative infrequency.
Fortunately, an understanding of the unique anatomy of the
spleen as reflected by its unusual diversity of functions, in
concert with a multiparameter approach to diagnosis, can help
in narrowing this broad differential diagnosis considerably, in
order to reach a specific diagnosis with certainty.

Keywords Spleen . Lymphoma . Splenic marginal zone
lymphoma .Hairy cell leukemia . Flowcytometry .Molecular
diagnostics

Introduction

Various types of low-grade B-cell neoplasms composed most-
ly of small B cells can involve the spleen and their accurate
diagnosis and classification in splenectomy specimens may be
challenging. In addition, many systemic lymphomas may
involve the spleen secondarily, either at presentation or at
the time of disease progression. Many such secondary small
B-cell lymphomas have morphologic features that overlap
with primary splenic marginal zone lymphoma. In some cases,
higher-grade lymphomas with more aggressive clinical behav-
ior may have cytologic or architectural features that mimic
low-grade lymphomas in splenectomy specimens. In addition,
reactive hyperplasia of the spleen may lead to splenomegaly,
raising the differential diagnosis of lymphoma. Establishing a
precise diagnosis of lymphoma in a splenectomy specimen
therefore requires a combination of morphological and
immunophenotypic analysis, and correlation with clinical fea-
tures, other sites of disease involvement, and in some cases,
cytogenetic studies or molecular genetic studies, including
fluorescence in situ hybridization analysis (FISH) to detect
recurrent cytogenetic abnormalities, polymerase chain reac-
tion (PCR) for recurrent somatic point mutations or gene
rearrangement studies, or sequencing of the immunoglobulin
heavy chain variable region.

The normal spleen weighs approximately 150 to 200 g.
Benign splenomegaly is common and has a variety of
causes ranging from congestive splenomegaly secondary
to heart failure to infectious mononucleosis. In such set-
tings, the spleen becomes enlarged, but rarely beyond
500 g. Spleens weighing greater than 500 g should be
considered suspicious for lymphoma. Conversely, a diag-
nosis of lymphoma should only be made with confirma-
tion of clonality in normal or slightly enlarged spleens,
even if the white pulp appears expanded. Initial evaluation
of splenomegaly should include clinical history and
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peripheral blood counts. Morphology is helpful in the
evaluation if the enlargement is due to a red pulp process,
such as congestion, or a white pulp process, which can be
reactive or neoplastic. The standard way to evaluate for
lymphoma is through a combination of morphology and
immunophenotyping, as detailed in the sections below.
Occasionally, flow cytometry may not detect a B-cell
clone despite worrisome morphologic features. In such
cases, PCR for IGH gene rearrangement studies and FISH
for recurrent cytogenetic abnormalities may be extremely
useful in establishing a diagnosis of lymphoma.

Small B-cell neoplasms that commonly involve the
spleen can be broadly divided into the anatomic com-
partment of the spleen that is predominantly involved,
and this is a very helpful starting point in their differen-
tial diagnosis (Table 1). Splenic marginal zone lympho-
ma (SMZL) and chronic lymphocytic leukemia/small
lymphocytic lymphoma (CLL/SLL) involve the white
pulp predominantly, but both typically also show some
degree of red pulp involvement, which is often signifi-
cant in CLL. Follicular lymphoma and mantle cell lym-
phoma typically exhibit disease that is fairly restricted to
the white pulp. In contrast, hairy cell leukemia (HCL)
and lymphoplasmacytic leukemia (Waldenström’s macro-
globulinemia) exhibit predominantly red pulp disease, as
do the provisional entities that fall into the category of
unclassifiable splenic B-cell lymphoma/leukemias recog-
nized in the most recent World Health Organization
(WHO) Classification [1]. An additional important fea-
ture that may help to narrow the differential diagnosis
includes a prior history of lymphoma, and if such a
history exists, the knowledge of specific sites of involve-
ment, including lymph nodes, bone marrow, peripheral
blood, or other extranodal or extramedullary tissues. In
particular, examination of a peripheral blood smear and
peripheral blood flow cytometry can serve as helpful and
important adjuncts to the diagnosis of splenic lymphoma
in many instances. The diagnosis and differential diag-
nosis of various entities discussed in this review are
summarized in Table 2.

Splenic marginal zone lymphoma

Clinical features

SMZL is a rare, indolent B-cell lymphoma subtype with a
striking propensity for involvement of the spleen and
splenic hilar lymph nodes. Bone marrow and peripheral
blood are also commonly involved; however, involve-
ment of peripheral lymph nodes or other extranodal sites
is rare. It affects middle-aged to older adults, typically in
the 6th or 7th decades, with a slight female predominance
[2, 3]. Patients usually present with splenomegaly, which
may be massive, anemia with or without other cytope-
nias, and moderate lymphocytosis with circulating villous
lymphocytes [2, 4, 5]. An IgM paraprotein may be pres-
ent , but is smaller than that typical ly seen in
Waldenström's macroglobulinemia, and consequent symp-
toms of hyperviscosity are rare [2]. Patients commonly
exhibit autoimmune phenomena, particularly autoimmune
hemolytic anemia, which may reflect a direct autoim-
mune effect of the IgM paraprotein elaborated by the
lymphoma [6]. An increased seroprevalence of hepatitis
C virus (HCV) infection is seen in patients with SMZL,
and patients living in malaria endemic regions of West
Africa are reported to have a relatively high incidence of
SMZL [7–9]. In the latter instances, the lymphoma shares
certain clinical and laboratory features with hyperreactive
malarial splenomegaly due to repeated malaria infections,
and may be related to emergence of a B-cell clone in the
setting of parasite-induced chronic antigenic stimulation.
Splenectomy is the mainstay of treatment, typically pro-
ducing sustained partial responses with resolution of
cytopenias, paraproteinemia and B symptoms and medi-
an overall survivals ranging from 9 to 13 years [2, 5,
10]. For refractory cases, additional treatment options
include splenic irradiation, combination chemotherapy,
and monoclonal antibody therapy with rituximab [11,
12]. Treatment with interferon and ribavirin would be
expected to produce a response in HCV-positive patients
[8, 9].

Table 1 Differential diagnosis of small B-cell lymphomas of the spleen based on anatomic compartment of involvement

Predominantly white pulp disease Predominantly red pulp disease

Splenic marginal zone lymphomaa Hairy cell leukemia

Chronic lymphocytic leukemia/small lymphocytic lymphomaa Lymphoplasmacytic lymphoma (Waldenström’s macroglobulinemia)

Follicular lymphoma Splenic small B-cell lymphoma/leukemia, unclassifiable
• Hairy cell leukemia variant
• Splenic diffuse red pulp small B-cell lymphoma

Mantle cell lymphoma

aMost cases of splenic marginal zone lymphoma show some degree of red pulp involvement, and significant red pulp disease is seen in the majority of
cases of chronic lymphocytic leukemia/small lymphocytic lymphoma
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Pathologic features

The spleen is massively enlarged (median weight, 1,360 g)
and gross examination of the cut surface shows a uniform
multimicronodular pattern, with tiny nodules each measuring
up to 0.5 cm dispersed throughout the splenic parenchyma;
mass lesions are absent (Fig. 1a) [3]. Microscopically, white
pulp follicles are characteristically expanded to about twice or
more their normal size. The reactive germinal centers of the
white pulp are reduced in size or completely replaced by a
population of small lymphocytes with irregular nuclei, con-
densed chromatin and scant cytoplasm, resembling mantle
zone cells, surrounded by a broad concentric zone of
medium-sized cells with abundant pale cytoplasm, resembling
marginal zone B cells (Fig. 1b, c) [13, 14]. Occasional large
transformed cells may be present in the nodules, but increased
numbers or sheets of large cells may indicate early transfor-
mation to diffuse large B-cell lymphoma. The concentric
growth pattern of splenic marginal zone lymphoma, with
expansion of the pale marginal zones of the splenic white
pulp, is the characteristic feature from which this lymphoma
derives its name. However, in our experience, recognizing the
biphasic cytology may be difficult in some cases, as the

marginal zone accentuation may be subtle and instead, many
of the nodules are comprised of a more uniform population of
small lymphocytes with moderate pale cytoplasm. Some cases
may demonstrate plasmacytic differentiation, typically seen in
the marginal zone component at the periphery of the nodules.
In a minority of cases, reactive germinal centers at the centers
of the expanded nodules are well-preserved, yielding a
targetoid appearance of the white pulp nodules (Fig. 1c).
Red pulp infiltration is invariably present, typically character-
ized by small clusters of lymphocytes present in a patchy
intrasinusoidal distribution (Fig. 1d, e). Occasionally, red pulp
involvement may be diffuse without formation of small nod-
ules, and rarely, the red pulp may be involved in a diffuse
pattern to such an extent as to obscure the nodular white pulp
component that may be apparent only upon immunohisto-
chemical staining with B-cell antigens, follicular dendritic cell
markers, or Ki-67 [13]. Splenic hilar lymph nodes are en-
larged and show partial effacement by an infiltrate of lympho-
cytes similar to those seen in the spleen; sinuses are typically
patent [13]. If available, evaluation of a peripheral blood
smear may be helpful in identifying circulating villous lym-
phocytes, which are typically mildly enlarged with slightly
open chromatin in comparison to normal small lymphocytes,

Fig. 1 The cut surface of a spleen
involved by splenic marginal
zone lymphoma shows
innumerable expanded white pulp
nodules, yielding a
multimicronodular pattern on
gross examination (a).
Microscopically, the expanded
white pulp nodules demonstrate
complete (b, H&E, x200) or
partial (c, H&E, x400) loss of the
reactive germinal center, with
surrounding zones of mantle zone
type and marginal zone B cells;
marginal zone expansion is
particularly pronounced in panel
c. Red pulp involvement is
typically present in the form of
small lymphoid clusters within
sinuses (d, H&E, x200),
highlighted by CD20 staining (e,
x200). Ki-67 stain yields an
intermediate proliferation index
within the white pulp nodules,
reflecting the admixture of
lymphoma cells with residual
germinal center B cells (f, x200)
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with small nucleoli and moderately abundant pale basophilic
cytoplasm with non-circumferential cytoplasmic projections
or blebs.

The lymphoma cells express mature B-cell markers (CD20,
CD79a, Pax5) and IgM. IgD is expressed by a subset of cases.
Clonal surface light chain is expressed and light chain restric-
tion can most easily be demonstrated by flow cytometry, but
can often be shown in the cytoplasm of neoplastic cells on
tissue sections by immunohistochemistry or in situ hybridiza-
tion. SMZL is typically negative for CD5, CD10, CD23,
CD25, CD43, and CD103, and cyclin D1 is not expressed.
Lymphoma cells are positive for Bcl2 and negative for Bcl6,
while residual small germinal centers, if present, will show the
opposite pattern of staining for these two antibodies. Staining
with Ki-67 is purported to show a distinctive annular pattern
of staining, with a low proliferation fraction within the neo-
plastic cells, while preserved reactive follicles at the centers of
the nodules exhibit a high proportion of positive nuclei. In
many cases, however, the admixture of various cell types
within the expanded white pulp follicles tends to yield a
nodular pattern of staining with an intermediate proliferation
index within the nodules (Fig. 1f). Staining for follicular
dendritic cell antigens (CD21, CD23) may show a dense
meshwork at the centers of the white pulp nodules with
expansion or fraying at the edges, as well as focal staining
within the small red pulp nodules [13, 15].

Historically, a post-germinal center B cell of marginal zone
derivation is postulated to be the cell of origin underlying
SMZL. However, more recent studies suggest that this lym-
phoma has greater heterogeneity in terms of its cell of origin,
immunophenotype, and genetics than previously inferred, and
such features may be prognostically relevant [15–17]. Similar
to cases of CLL, up to one half of cases of SMZL have
unmutated immunoglobulin heavy chain variable regions.
These cases often show allelic loss of 7q21-32, the most
common cytogenetic abnormality seen in splenic marginal
zone lymphoma, and patients tend to have a more aggressive
clinical course. In contrast, cases with mutated immunoglob-
ulin heavy chain variable regions often have normal cytoge-
netics, are negative for IgD, and have a more favorable clinical
course. Mutational analysis of the immunoglobulin heavy
chain variable region requires direct sequencing of the gene
segment of interest and is typically performed in a reference
lab setting. However, these studies suggest that the combina-
tion of IgD expression by immunohistochemistry and FISH
for 7q loss as a surrogate for somatic hypermutation status
may be used to help predict prognosis.

Differential diagnosis

The distinct yet non-specific immunophenotype of SMZL
necessitates that the diagnosis be made only after exclusion
of other small B-cell lymphomas that may secondarily involve

the spleen; these are discussed in the following section. Other
differential diagnostic entities that are important to exclude are
two reactive conditions that may mimic SMZL morphologi-
cally: splenic marginal zone hyperplasia and polyclonal B-cell
lymphocytosis with progressive splenomegaly. In the cases of
splenic marginal zone hyperplasia, splenomegaly is absent or
mild, white pulp nodules are only minimally expanded with
accentuation of the marginal zone regions (a form of reactive
hyperplasia characteristic of the splenic white pulp), and the
red pulp sinusoids lack small lymphoid clusters. Flow cytom-
etry and stains for immunoglobulin light chains confirm the
polytypic nature of the lymphocytes. Polyclonal B-cell lym-
phocytosis is an unusual chronic expansion of peripheral
blood polyclonal B cells associated with progressive spleno-
megaly, which may be massive in some cases. Patients are
typically adult female smokers of various ages. There is an
association with HLA-DR7, suggesting a genetic predisposi-
tion. Patients typically have a mild lymphocytosis, elevated
polyclonal serum IgM, and circulating binucleate peripheral
blood lymphocytes with an activated, memory B-cell pheno-
type (CD20+, CD79a+, IgM+, IgD+, Bcl2+, CD27+,
DBA.44−, CD5−, CD10−, CD23−, Bcl6−) that are polyclonal
for immunoglobulin light chains. Splenic histology has been
described in relatively few cases, but is reported to resemble
SMZL closely with expansion of the white pulpmarginal zone
areas and a biphasic growth pattern. Bone marrow biopsies
demonstrate a moderate lymphoid infiltrate with interstitial
and intrasinusoidal lymphocytes. Immunohistochemical
stains on tissue sections characteristically show the lympho-
cytes to be positive for IgM and IgD and to express polytypic
light chains. Despite the detection of various cytogenetic
abnormalities in some cases, 7q deletions and clonal IGH
gene rearrangements are not seen and progression to lympho-
ma has been documented in only rare cases [18]. Due to the
degree of splenomegaly and the morphologic resemblance to
SMZL, diagnosis requires immunophenotyping by flow cy-
tometry of peripheral blood or bone marrow or immunohisto-
chemical analysis of tissue to support the presence of a poly-
clonal B-cell population. PCR to exclude a clonal IGH gene
rearrangement may be used to further support the diagnosis.

Secondary splenic small B-cell lymphomas
with predominantly white pulp disease

Chronic lymphocytic leukemia/small lymphocytic lymphoma

Patients with chronic lymphocytic leukemia (CLL) frequently
have splenic involvement. This may be related in part to the
expression of cell surface adhesion molecules on neoplastic B
cells that allow preferential homing to the spleen over other
lymphoid organs [19, 20]. Although CLL is the most common

J Hematopathol (2014) 7:109–121 113



small B-cell neoplasm to involve the spleen, the degree of
splenomegaly may be less than that seen with other B-cell
lymphomas [21]. The white pulp is usually prominent on
gross examination, while microscopically, both white pulp
and red pulp are involved (Fig. 2a, b). Expanded white pulp
nodules are composed of small, mature-appearing lympho-
cytes with scattered admixed larger prolymphocytes and
paraimmunoblasts (Fig. 2c). As in lymph nodes, the latter
may coalesce to form pale-staining proliferation centers. Oc-
casional reactive germinal centers may be present, but a
marginal zone pattern mimicking SMZL is rare. Red pulp
involvement, seen in the majority of cases, may be nodular,
diffuse, or a mixture of the two patterns. Hilar lymph node
involvement is invariably present, with partial or complete
architectural effacement. Lymphoma cells exhibit the typical
immunophenotype of CLL with mature B cells co-expressing
CD5 and CD23, helping to distinguish this entity from SMZL,
which typically lacks simultaneous expression of these two
antigens. By flow cytometry, dim CD20 and surface light

chain expression and absence of FMC7 help to distinguish
CLL from other small B-cell neoplasms, which tend to show
moderate to strong expression of these markers. Immunohis-
tochemistry or FISH for cyclin D1 is mandatory to exclude
mantle cell lymphoma. Cases of CLL frequently show char-
acteristic abnormalities by FISH, including trisomy 12,
del(13)(q14), del(11)(q22-23) involving ATM, and/or
del(17)(p13) involving TP53 [22]. While not specific for
CLL, their presence may be helpful in distinguishing it from
other B-cell lymphomas. Finally, correlation with complete
blood count and white blood cell differential findings and
peripheral blood smear morphology may be immensely help-
ful, as cases of CLL typically show a marked lymphocytosis
exceeding that of most other small B-cell leukemic lympho-
mas. Circulating lymphocytes consist of small, mature-
appearing forms that typically lack either nucleoli or cytoplas-
mic projections.

Follicular lymphoma

Follicular lymphoma frequently involves the spleen sec-
ondarily and splenectomy may occasionally be the proce-
dure leading to its initial diagnosis [23–25]. Two patterns
of involvement have been identified, which occur with
similar frequency (Fig. 3a). In one pattern, the spleen
shows abnormal architecture with closely packed neoplas-
tic follicles separated by minimal red pulp. Increased
numbers of interfollicular B cells are present that can be
detected by immunohistochemistry. In the other pattern,
which has a tendency to mimic SMZL, the splenic archi-
tecture appears relatively well-preserved with only
scattered neoplastic follicles. B cells may be present in
red pulp, but usually only in small numbers. In both
patterns, the cytology is typical of follicular lymphoma
at other sites with an admixture of small cells containing
irregular or convoluted nuclei (centrocytes) that predom-
inate in low-grade cases (grade 1–2 of 3 histology), and
fewer numbers of large transformed centroblasts (Fig. 3b).
All cases of follicular lymphoma show strong staining for
B-cell and germinal center markers (CD10 and/or Bcl6);
the latter feature helps in the distinction from SMZL and
other small B-cell lymphomas. Bcl2 is usually over-
expressed in the neoplastic follicles and correlates with a
t(14;18)(q32;q21) or IGH@-BCL2 rearrangement. As
seen in other sites, Bcl2 expression is weak or negative
in cases of higher histological grade (i.e., grade 3 follic-
ular lymphoma) [25, 26]. The different patterns of splenic
involvement do not appear to be associated with the
presence or absence of previously diagnosed follicular
lymphoma, splenic weight, or clinical stage. However,
Bcl2-negative grade 3 cases are more often found to be
restricted to the spleen, at least at the time of initial
diagnosis. Cases with grade 3 histology may require

Fig. 2 The cut surface of a spleen involved by chronic lymphocytic
leukemia shows variably sized and somewhat irregular expanded nodules
of white pulp (a).Microscopic involvement is characterized by nodules of
expanded white pulp, as well as prominent red pulp disease (b, H&E,
x40). Higher magnification shows an admixture of small lymphocytes,
prolymphocytes, and few paraimmunoblasts (c, H&E, x400)
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staining with follicular dendritic cell markers (CD21,
CD23) to uncover an underlying follicular pattern of
growth, in order to distinguish them from diffuse large
B-cell lymphoma. Cases with a purely follicular growth
pattern with preserved red pulp may be misdiagnosed as
reactive hyperplasia, but staining for Bcl2 can help with
this differential diagnosis. The overall survival for pa-
tients with follicular lymphoma involving the spleen is
about 55 % at 5 years and this does not appear to depend
on Bcl2 positivity or negativity.

Mantle cell lymphoma

Mantle cell lymphoma commonly involves the spleen, in
addition to lymph nodes and other extranodal sites, such
as the gastrointestinal tract, Waldeyer’s ring, and periph-
eral blood. In some cases, splenomegaly may be promi-
nent at the time of presentation [27, 28]. Mantle cell
lymphoma often has larger macroscopic nodules than
other small B-cell lymphomas involving the spleen.
Grossly, the spleen is enlarged and the white pulp appears
expanded and replaced by multiple fleshy nodules, or a
miliary pattern of involvement may be present (Fig. 3c).
Microscopically, the white pulp is expanded by small to
large aggregates of lymphoma cells that exhibit character-
istic cytologic features of mantle cell lymphoma seen in
other nodal and extranodal sites (Fig. 3d). Typically, lym-
phoma cells are monomorphous, small to medium-sized
centrocyte-like cells with condensed nuclear chromatin
and irregular nuclear contours; however, in some cases,
the cells are slightly larger with more dispersed chromatin
and small nucleoli resembling lymphoblasts (blastoid var-
iant of mantle cell lymphoma). The nodules may contain
scattered, single epithelioid histiocytes. Residual germinal
centers are typically absent, but in some cases, a mantle
zone growth pattern may be present or the white pulp
nodules may contain marginal zones, mimicking splenic
marginal zone lymphoma. Other cases may show small
nodules of lymphoma cells in the red pulp, or diffuse red
pulp involvement can occur in rare cases with a peripheral
blood leukocytosis [27]. Splenic lymph nodes are almost
always involved. The differential diagnosis includes
SMZL, as well as other small B-cell lymphomas, but
immunohistochemical stains for CD5 and especially for
cyclin D1, can usually readily distinguish mantle cell
lymphoma from other small B-cell neoplasms. Rare cases
of mantle cell lymphoma that lack a cyclin D1 gene
rearrangement and cyclin D1 expression by immunohis-
tochemistry have been reported: these cases, otherwise,
share the morphology, immunophenotype, and gene ex-
pression profile of cyclin D1-positive mantle cell lympho-
ma, including overexpression of the SOX11 transcription
factor. SOX11 immunohistochemistry is, therefore,

emerging as an important tool in identifying such cases
of cyclin D1-negative mantle cell lymphoma [29–31].

Hairy cell leukemia

Clinical features

Hairy cell leukemia (HCL), a rare, chronic, mature small B-
cell leukemic lymphoma that involves the bone marrow,
spleen, and peripheral blood, derives its name derives from
the characteristic morphology of leukemic cells containing
delicate, hair-like, circumferential cytoplasmic projections,
best seen on bone marrow aspirate and peripheral blood
smears. The median age of presentation is 45–50 years, and
there is a striking male predominance (male-to-female ratio,
4–5:1). Unlike other B-cell leukemic lymphomas, patients
typically present with leukopenia or sometimes, pancytope-
nia, and an absolute monocytopenia is characteristic. In fact,
the latter may be a clue to the diagnosis in cases in which the
number of circulating neoplastic cells is small and the marrow
fibrotic, making them difficult to identify on peripheral blood
and bone marrow aspirate smears. While the diagnosis is
typically made on bone marrow core biopsy specimens,
HCL almost always involves the spleen, and splenomegaly
is part of the typical clinical presentation [32, 33]. Other
presenting symptoms and signs including left upper quadrant
pain, constitutional symptoms, hepatomegaly, and recurrent
infections. The treatment of HCL differs from that of other
small B-cell leukemic lymphomas, underscoring the impor-
tance of its correct diagnosis and distinction from SMZL and
other B-cell lymphomas with leukemic dissemination. In the
majority of patients, a single course of the nucleoside analog,
cladribine (also known as 2-chlorodeoxyadenosine, 2-CDA),
given as a continuous intravenous infusion over 7 days, in-
duces a durable complete response with resolution of spleno-
megaly and cytopenias [34]. Among the small proportion of
patients who relapse, therapeutic options include re-treatment
with cladribine or rituximab monotherapy [35].

Pathologic features

In contrast to the other small B-cell lymphomas involving the
spleen discussed thus far (including SMZL), HCL preferen-
tially involves the red pulp rather than the white pulp. Grossly,
the spleen is massively enlarged (median weight, 1,200 g),
and examination of the cut surface shows a beefy red pulp and
absence of the normal pinpoint white pulp nodules (Fig. 4a).
On microscopic examination, red pulp sinuses and cords are
diffusely infiltrated by monomorphous round to oval cells
with smooth nuclear contours, open chromatin, inconspicuous
nucleoli, and abundant clear cytoplasm, leading to expansion
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of the red pulp sinuses and secondary atrophy of the white
pulp (Fig. 4b) [36]. Although not specific to HCL involving
the spleen, microscopic erythrocyte-filled spaces, termed
“pseudosinuses” or “red blood cell lakes,” are characteristi-
cally present, which are thought to result from leukemic cell
adhesion and subsequent damage to splenic sinus endothelial
cells [37]. In both spleen and bone marrow, the lack of the
distinct lymphoid aggregates is important in distinguishing
cases of HCL from SMZL and other small B-cell neoplasms.
In particular, if lymphoid aggregates are present on examina-
tion of a bone marrow biopsy (performed in the majority of
cases for diagnosis and staging), the diagnosis of HCL should
be reconsidered.

Immunophenotypically, the hairy cells are strongly
positive for CD20, FMC7, and surface light chain, help-
ing to distinguish it from CLL, which shows weaker
staining for these antigens. While HCL is usually negative
for CD5, CD10, and CD23, it characteristically express a
combination of antigens not seen in SMZL, including
DBA.44, CD103, CD25, CD11c, and CD123; of these,
CD103 is to be the most specific for HCL, but may be
expressed in cases of hairy cell leukemia variant (HCLv,
see below) [38]. Flow cytometry is typically used to
detect CD103 expression, but a rabbit monoclonal anti-
body has recently been validated for use on paraffin-
embedded tissue, allow for its detection in cases lacking
fresh t issue for f low cytometr ic analysis [39] .

Immunophenotypic variations in HCL have been reported,
including expression of CD10 or CD23 in occasional
cases [40, 41]. Up to 40 % of cases express cyclin D1
by immunohistochemistry but lack the t(11;14) by cyto-
genetics or FISH, indicating an alternative pathway of
cyclin D1 overexpression; in such cases, staining is usu-
ally weaker compared to mantle cell lymphoma [42].
Annexin A1, normally present in phagocytic cells of the
myeloid lineage but absent in normal B cells, has been
found to be upregulated in gene expression profiling
studies of HCL. Immunocytochemical or immunohisto-
chemical detection of the Annexin A1 protein has subse-
quently been shown to be highly sensitive and specific for
HCL, distinguishing it from both SMZL and HCLv [43].
Finally, whole exome sequencing studies have identified
somatic mutations of BRAF resulting in an amino acid
substitution of glutamic acid for valine at position 600
(V600E) as being highly specific for HCL and not present
in other B-cell lymphomas, including those that may
involve the spleen and those that closely mimic HCL
morphologically and immunophenotypically [44, 45].
PCR-based assays for this point mutation are helpful in
confirming the diagnosis of HCL and in monitoring for
minimal residual disease and early recurrence following
therapy. The development of a BRAF V600E mutation-
specific antibody allows for the visual detection of cells
expressing the mutant protein on tissue sections, shows

Fig. 3 A single microscopic field shows both patterns of follicular
lymphoma involving the spleen: closely packed expanded follicles are
seen on the right, with minimal intervening red pulp, while on the left, the
splenic architecture is better preserved with more widely-spaced neoplas-
tic follicles (a, H&E, x40). High-power examination of neoplastic follicle
centers shows a predominance of small centrocytes, consistent with grade
1–2 of 3 morphology (b, H&E, x400). The cut surface of spleen involved

by mantle cell lymphoma shows prominent, irregular, expanded nodules
centered on the white pulp; a large subcapsular infarct is also present in
this case (c). Microscopically, there is replacement of normal white pulp
nodules by atypical lymphohistiocytic aggregates (d, H&E, x200) con-
taining monomorphous, small to medium-sized centrocyte-like cells and
scattered epithelioid histiocytes on higher magnification (d inset, H&E,
x1,000)
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excellent correlation with BRAF mutation status, and may be
particularly useful in cases with low tumor burden [46].

Other splenic lymphomas with predominantly red pulp
disease

Hairy cell leukemia variant

Despite its name, HCLv is considered a separate diagnostic
entity from HCL rather than simply a morphological variant,
due to several distinct clinical and pathological features. Cur-
rently categorized as a provisional entity in the 2008 WHO
Classification under the umbrella of “splenic B-cell lymphoma/

leukemia, unclassifiable,” HCLv is a rare B-cell neoplasm
in which the morphological features of the neoplastic lym-
phocytes are intermediate between those of hairy cells and
prolymphocytes. Cells have moderately basophilic cyto-
plasm with cytoplasmic projections and round to oval
nuclei; however, unlike classical HCL cells, HCLv cells
contain a prominent central nucleolus. The bone marrow,
peripheral blood and spleen are commonly involved, with
preferential involvement for the splenic red pulp. Clinical-
ly, there is a leukocytosis instead of a leukopenia, and
absence of an absolute monocytopenia [47, 48]. Important-
ly, HCLv shows an inadequate response to cladribine, the
nucleoside analog that is effective in treating HCL. Neo-
plastic cells may be positive for CD103, but lack expres-
sion of CD25, CD123, and Annexin A, and lack BRAF

Fig. 4 In hairy cell leukemia, splenic involvement is characterized
grossly by a beefy-red cut surface and absence of discernible white pulp
nodules (a). Microscopically, there is diffuse infiltration of red pulp cords
and sinuses, with secondary atrophy of the white pulp (b, H&E, x200).
Cytologically, hairy cells are oval or bean-shaped with smooth nuclear
contours, slightly open chromatin, and abundant clear cytoplasm (b inset,
H&E, x400). The cut surface of the spleen in splenic diffuse red pulp
small B-cell lymphoma shows red pulp prominence without expanded
white pulp nodules, similar to the gross findings seen in hairy cell
leukemia (c). Microscopically, splenic diffuse red pulp small B-cell

lymphoma shows infiltration of both cords and sinuses by lymphoma
cells (d, H&E, x200). On high-power examination, the lymphoid cells are
monomorphous and small to medium in size, with round, regular nuclei,
condensed chromatin, inconspicuous nucleoli, and scant cytoplasm (d
inset, H&E, x1,000). The neoplastic cells are positive for IgG by immu-
nohistochemistry (e, x200) and Ki-67 shows an overall low proliferation
index that is homogenous throughout the section, without evidence of a
nodular or annular staining pattern that would be expected in splenic
marginal zone lymphoma (f, x200)
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V600E mutation by PCR and BRAF V600E expression by
immunohistochemistry [42–45, 49]. The precise biological
relationship, if any, between HCLv and splenic diffuse red
pulp small B-cell lymphoma (SDRPSBCL, see below) is
not known. Cases that do not fulfill diagnostic criteria for
the well-defined entity of HCL or the provisional entities
of HCLv or SDRPSBCL are best placed in an unclassified
category of splenic small B-cell lymphoma/leukemia until
more is known about the pathogenetic differences under-
lying such neoplasms [1].

Splenic diffuse red pulp small B-cell lymphoma

Cases of SDRPSBCL share some morphologic and
immunophenotypic features with SMZL, particularly on ini-
tial bone marrow and peripheral blood evaluation, but show a
strikingly different pattern from SMZL on examination of
splenectomy specimens, with diffuse red pulp involvement
[50, 51]. SDRPSBCL is currently recognized as a provisional
entity in the 2008 WHO Classification [1]. The gross appear-
ance is similar to that of HCL, as cases show no expanded
white pulp nodules either grossly or microscopically, but
rather extensive red pulp disease leading to massive spleno-
megaly, absence of follicles and atrophy of the white pulp,
with infiltration of both the cords and sinuses by lymphoma
cells (Fig. 4c, d). Neoplastic cells are monomorphous, small to
medium in size with round, regular nuclei, condensed chro-
matin, and inconspicuous to small nucleoli with scant pale
eosinophilic cytoplasm; plasmacytic differentiation is absent
(Fig. 4d). In extra-splenic sites the morphology and patterns of
involvement may closely resemble SMZL: hilar lymph nodes
show preservation of sinuses; bone marrow shows non-

paratrabecular, interstitial and intrasinusoidal lymphoid aggre-
gates; and peripheral blood may contain circulating villous
lymphocytes. The immunophenotype of the lymphoma cells
is non-specific, similar to that of SMZL, with negativity for
CD5, CD10, CD23, and cyclin D1. The HCL-specific
markers, Annexin A1and BRAF V600E, are also negative
although some cases have been reported to be positive for
CD103. Most cases described to date are positive for DBA.44
and IgG (Fig. 4e), a subset is positive for CD11c, and IgD is
usually negative. Immunohistochemical staining for Ki-67
shows a uniformly low proliferation index, with absence of
the typical nodular or annular staining pattern seen in SMZL
(Fig. 4f). No characteristic molecular genetic features have
been described to date, and cases lack both the 7q deletions
commonly seen in SMZL and BRAFV600Emutations seen in
HCL.Whether such cases represent a diffuse variant of SMZL
as suggested by the shared cytology, growth pattern in certain
organs, and overlapping immunophenotype versus a distinct
disease entity remains to be fully elucidated.

Lymphoplasmacytic lymphoma (Waldenström’s
macroglobulinemia)

Lymphoplasmacytic lymphoma (LPL) is a small B-cell neo-
plasm with conspicuous plasmacytic differentiation and dissem-
inated involvement of bone marrow, lymph nodes, spleen, and
peripheral blood that characteristically lacks expression of CD5,
CD10, and CD23 [52]. Cases associated with bone marrow
involvement and an IgM paraprotein are known as
Waldenström’s macroglobulinemia. The immunophenotype and
association with an IgMM-component may raise the differential
diagnosis of SMZL with plasmacytic differentiation in

Fig. 5 Splenic involvement by
lymphoplasmacytic lymphoma is
characterized by prominent red
pulp disease (a, H&E, x400) and
conspicuous plasmacytic
differentiation, evident both on
histological examination (b,
H&E, x1,000) and by in situ
hybridization for kappa (c, x200)
and lambda (d, x200)
immunoglobulin light chains
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splenectomy specimens. However, splenic involvement by LPL
is characterized by predominant involvement of the red pulpwith
relative sparing of the white pulp. In addition, more conspicuous
plasmacytic differentiation is usually apparent in LPL compared
to SMZL, both by morphology and on immunohistochemical or
in situ hybridization studies of tissue sections (Fig. 5). Clinically,
patients with LPL have more extensive disease involving the
bone marrow or lymph nodes, have higher degrees of IgM
paraproteinemia often leading to symptoms of hyperviscosity,
and the spleen is secondarily involved with a milder degree of
enlargement compared with SMZL. TheMYD88 L265P somatic
point mutation that has been recently described in >90% of LPL
is reported to be relatively uncommon in marginal zone lympho-
mas, indicating its potential utility in the work-up of splenic B-
cell lymphomas with plasmacytic differentiation and in
supporting the diagnosis of LPL [53]. Despite the shared feature
of predominant red pulp disease, distinction between LPL and
HCL is usually straightforward on clinical, morphological, and
immunophenotypic grounds without the need for molecular
diagnostic testing.

Splenic diffuse large B-cell lymphoma with diffuse Red pulp
infiltration

Diffuse red pulp infiltration is a rare pattern of involvement
seen in primary splenic diffuse large B-cell lymphoma
(DLBCL). In such cases, the spleen is enlarged and shows a
homogeneous beefy red appearance, unlike that of typical
DLBCL characterized by discrete tumor nodules containing
a fish-flesh appearance on cross-section. Microscopically,
there is diffuse infiltration of the red pulp and sinuses by large
lymphoid cells with centroblastic, lobated, or pleomorphic
cytology, without white pulp expansion or prominence. Ne-
crosis is present in some cases and hilar lymph nodes are often
involved. Distinction from low-grade splenic B-cell lympho-
mas with predominantly red pulp involvement is usually
straightforward, given the large cell size and other high-
grade morphological features, such as brisk mitotic activity,
apoptosis and single cell necrosis, as well as an elevated Ki-67
proliferation index, which is usually >75 % [54, 55].

Hepatosplenic T-cell lymphoma

Hepatosplenic T-cell lymphoma typically involves the spleen,
liver and bone marrow, and most patients are young men with
a median age of 25 years [56, 57]. Some cases occur in the
setting of immunosuppression due to prior transplantation or
therapy with immunosuppressive agents for other reasons [58,
59]. Similar to SMZL, rare cases have been reported in the
setting of Plasmodium falciparum malaria infection, which is
associated with an expansion of γδ-T cells in the peripheral
blood and spleen [60]. Patients present with abdominal pain
and often have fever, night sweats, or weight loss. The spleen

and liver are diffusely, often strikingly enlarged, without con-
spicuous peripheral lymphadenopathy. Patients may have pe-
ripheral blood cytopenias, including anemia and thrombocy-
topenia. The disease is chemotherapy-responsive initially, but
in general progresses in an aggressive manner with a median
survival of less than one year.

Neoplastic cells preferentially involve splenic red pulp and
are typically medium-sized or occasionally large with oval
nuclei, fine chromatin and abundant pale cytoplasm [61].
Unusual cases with small to medium-sized cells may lead to
diagnostic confusion with splenic B-cell lymphomas with
diffuse red pulp involvement. However, immunohistochemi-
cal analysis readily identifies a cytotoxic T-cell
immunophenotype (CD2+, CD3+, CD5−/+, CD4−, CD8−/+,
CD 7 + / − , T I A - 1 + ) . I n a d d i t i o n , p r om i n e n t
erythrophagocytosis in the spleen, present in many cases,
may be a clue to the diagnosis. Molecular genetic analysis
shows clonal T-cell receptor gene rearrangements and the
most common cytogenetic abnormalities are isochromosome
7q and trisomy 8 [59].

Conclusion

Although a limited number of small B-cell lymphomas involve
the spleen primarily, their differential diagnosis includes a wider
array of lymphoid neoplasms that may involve the spleen sec-
ondarily, as well as more recently defined entities that are en-
countered with only rare frequency. Fortunately, an understand-
ing of the anatomic compartments of the spleen, in concert with a
multiparameter approach to diagnosis utilizing clinical and labo-
ratory data, morphology, immunophenotyping, and molecular
genetic testing, can help to narrow this broad differential diag-
nosis considerably, as accurate diagnosis of the specific type of
lymphoma present in the spleen is often critical to appropriate
treatment and prognostication.
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