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Introduction
The term splenic marginal zone lymphoma (SMZL) was first used by Schmid et al1
to describe a pathological entity seen in patients who presented with a leukemic
blood picture that had been recognized by hematologists as having circulating villous
lymphocytes. Although it is now acknowledged that not all patients with splenomegaly and circulating villous lymphocytes will have SMZL and not all SMZL
patients will have circulating villous lymphocytes, there is considerable overlap
between what had been termed splenic lymphoma with villous lymphocytes and
SMZL. While there are some morphological similarities and genetic overlap, in the
current World Health Organization classification of lymphoid malignancies, SMZL
is recognized as a distinct clinicopathologic entity separate from nodal marginal
zone lymphoma and extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue.1,2 SMZL is a rare entity, accounting for about 2% of all lymphoid
malignancies, but it is the most common primary splenic lymphoma. Several
reports have accumulated reliable information on the clinical presentation and
disease course of patients with this particular entity, but the cell of origin remains
unclear.2–4 The pathogenetic mechanisms remain hypothetical, but some features
suggest that a chronic persistent antigenic stimulus may have an initial role in the
clonal B-cell expansion.5
In this review we outline the main features of SMZL, including clinical presentation, morphology, pathology, and molecular genetics.
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Abstract: Splenic marginal zone lymphoma is a distinct low grade B-cell lymphoma primarily
occurring in the spleen and separate from nodal marginal zone lymphoma and extranodal
marginal zone lymphoma of mucosa-associated lymphoid tissue. It is characterized by a
relative indolent course, splenomegaly, moderate lymphocytosis, and an intrasinusoidal
pattern of involvement, especially in the bone marrow. It is postulated that the neoplastic
clone originates from persistent antigenic stimulation of marginal zone B-cells. Molecular
and cytogenetic studies have failed to show specific alterations. There is no standard criterion to initiate treatment, which may include a watch and wait policy, splenectomy, or
chemo/immunotherapy. This review highlights the main features of this entity, reassessing
the guidelines for diagnosis, prognostic factors, staging, and management published by the
SMZL Working Group (2008).
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Epidemiology and etiology
SMZL is a rare hematological malignancy, often with a
chronic clinical course, affecting mainly elderly people with
a median age of 65 years at diagnosis and no incidence differences between sexes.2
Chronic antigenic stimulus is thought to be the initiating
event in the pathogenesis of this lymphoma. Murakami et al
reported a review of primary splenic lymphoma showing a
high prevalence of chronic liver disease among these cases
and the hepatitis C virus (HCV) in 36%.6 Since then, several
reports have suggested that HCV presence is more than a
casual association with SMZL. HCV antigen epitope appears
to have a role in B-cell selection, stimulating a proliferating pool of naïve B-cells with altered growth and apoptosis
mechanisms.5–8 Areas highly endemic for HCV, such as Japan,
Italy, and southern parts of the United States, show a more
frequent association with marginal zone lymphomas.9,10
At the molecular level, SMZL shows a significant heterogeneity regarding IgVH gene mutations with biased use of
selected VH1 genes (VH1.2), which suggests a role of unknown
antigens stimulating the neoplastic proliferation.4,11,12
Hyperreactive malarial splenomegaly in West Africa is
demographically, clinically, and immunologically very similar
to SMZL. The malaria parasite is also thought to have a role as
a chronic antigenic stimulus in lymphoproliferation by altering
the immune response and promoting tumor cell growth.8,13

Morphologic and
immunophenotypic aspects
Macroscopically, the spleen is commonly enlarged, with a
median weight of 1,750 g (270–5,500 g). The cut surface
shows multiple small, grayish nodules throughout the
parenchyma.5
Histologically, there is expansion of the white pulp by a
population of neoplastic cells that surround and eventually
replace the germinal centers (Figure 1A). These nodules are
composed of an inner zone of small- to medium-sized B-cells
with round nuclei, clumped chromatin, and scant cytoplasm
that in the early stages resemble mantles. External to this area
A

B

C
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Clinical features
SMZL presents most commonly with abdominal discomfort
due to moderate/massive splenomegaly or with symptoms
associated with cytopenias. Some patients are asymptomatic, with an isolated lymphocytosis discovered on routine
tests performed for unrelated reasons. This latter form may
be regarded as an early manifestation of SMZL preceding
overt disease.14–16 Cytopenias are more commonly related to
hypersplenism than to bone marrow replacement. Moderate
anemia is present in 65% of the cases, mainly related to
hypersplenism and rarely to bone marrow infiltration or
hemolysis. Thrombocytopenia, mild neutropenia, and small
M-band (immunoglobulin [Ig]M or IgG) can be observed in
up to 50% of patients.16,17 Autoimmune phenomena (primary
biliary cirrhosis, rheumatoid arthritis, immune thrombocytopenia, autoimmune hemolytic anemia, etc,) are reported in
about 20% of patients.18,19 Although bone marrow and splenic
hilar lymph nodes are almost always involved, peripheral
lymphadenopathy is infrequent. A few patients may have
extranodal disease at presentation or during the evolution.
Transformation to diffuse large B-cell lymphoma occurs in
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approximately 10% of the cases, and it should be suspected
when B-symptoms and elevated lactate dehydrogenase (LDH)
are found at presentation.2,19
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Figure 1 Spleen H&E.
Notes: (A) Low-power view of spleen showing a micronodular infiltrate with
prominent white pulp expansion giving a biphasic appearance to the follicles. (B)
Remnant of a germinal center involved by the neoplastic proliferation and effacement
of the normal follicle mantle. (C) Biphasic pattern in detail showing a darker inner
zone and a lighter external zone that merges with the red pulp. (D) High-power
view showing small round lymphocytes with clumped chromatin and moderate
amount of cytoplasm surrounding the germinal center and, in the outer zone (where
proliferation takes place), medium-sized cells with clear and abundant cytoplasm
admixed with scattered larger cells with large nuclei and prominent nucleoli. (E) Red
pulp infiltration. (F) Involvement of red pulp sinuses and cords. (G) The red pulp has
a variable cellular composition with medium-sized cells and scattered larger cells.
Abbreviation: H&E, hematoxylin and eosin.
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is an outer zone comprising predominantly medium-sized
cells with more irregular nuclear contours, dispersed chromatin, and moderate clear cytoplasm (Figure 1B). In this
zone, there are scattered large cells with prominent nucleoli
resembling immunoblasts.2,20 The overall appearances closely
resemble the normal architecture of splenic white pulp. The
initial recognition that the outer zone was neoplastic while
the inner zone was considered reactive led to the assumption
that this was a lymphoma derived from marginal zone B cells.
It is now recognized that both inner and outer zones are
neoplastic and have variable size (Figure 1C and D). As the
disease progresses, the central reactive germinal centers
become effaced and more difficult to identify. The red pulp
is invariably involved to a variable degree by small aggregates of the larger cells and sheets of the small cells, which
often occupy sinuses and cords (Figure 1E–G).2,3 Epithelioid
granulomas can be seen within or in the vicinity of the infiltrating nodules. Plasmacytic differentiation can occur, but
sheets of plasma cells are rare. This might be a more frequent
finding in patients with a monoclonal serum component and
autoimmune disorders.21
The bone marrow is almost always infiltrated. There may
be a nodular pattern with cell populations similar to that
found in the spleen resembling the arrangement and composition of splenic white pulp nodules. Initially the involvement
may be very subtle, corresponding to less than 20% of total
marrow cellularity.19 The pattern of interstitial involvement
characteristically includes an intrasinusoidal component
with a single file arrangement in the smallest sinusoids more
easily highlighted with CD20 staining (Figure 2), but more
diffuse interstitial and paratrabecular nodular patterns might
also be seen. Intrasinusoidal infiltration is more commonly

found and evident in the early phases of the disease, while
nodular aggregates are generally seen in more advanced
disease.22 Intrasinusoidal disease is not specific to SMZL and
may be seen in other lymphomas predominantly involving
the spleen. Hematopoietic reserve may be expanded in case
of hypersplenism.2,5
Splenic hilar lymph nodes are commonly infiltrated by
small B-cells in a micronodular pattern, lacking the characteristic sinusoidal involvement, which might be explained
by the expression of different adhesion molecules in this
particular microenvironment. The sinuses are often spared
and dilated. A marginal zone pattern may rarely be seen.
Involvement of lymph nodes at other localizations is rarely
observed and shows a similar pattern.2,5
The peripheral blood is less frequently affected than the
bone marrow, but can be involved by a variable amount of
circulating tumor cells, more commonly by small numbers.
Cytologically, these lymphocytes present round nuclei with
condensed chromatin and basophilic cytoplasm. Some of
them show cytoplasmic projections at one or both poles of
the cell (villous lymphocytes).9
Liver infiltration is reported in up to 90% of cases showing intrasinusoidal and nodular infiltrate in portal tracts.20,22–24
Other organs are rarely involved. Chacón et al reported that
nonhematopoietic sites are affected in 6.6% of cases of
SMZL.18 There are reports of dermal, pleural, thoracic, and
perirenal soft tissue and meningeal involvement.25–29
Immunophenotypically, the neoplastic cells typically
show positive staining for CD45, CD20 (Figure 3A and B),
CD79a, PAX5, IgD (Figure 3C), and bcl-2, while there is
variable positivity for DBA-44 (CD72), TRAP, and CD38.30
They may express CD11c and CD25, but are, as a rule, CD103

Figure 2 Bone marrow.
Note: CD20 staining highlights intrasinusoidal pattern of infiltration by the
neoplastic cells.

Figure 3 Spleen immunohistochemistry.
Notes: (A) and (B) Expression of CD20 by the neoplastic infiltrate. (C) IgD staining
showing positive neoplastic cells. (D) Ki67/Mib-1 highlighting the higher proliferation
indexes in the germinal center and outer zone (targetoid/biphasic pattern).
Abbreviation: IgD, immunoglobulin D.
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and CD123 negative. They are negative for CD3, CD5, CD10,
bcl-6, CD23, CD43, cyclin-D1, and annexin-A1. Proliferation
is usually low but shows a characteristic targetoid pattern,
with higher proliferation in the outer zone, low proliferation
in the inner small cell zone, and normal high proliferation
in the central residual normal germinal center (Figure 3D).
Residual germinal centers can be highlighted with CD10
and bcl-6 staining. Staining for CD38 or CD138 and expression of immunoglobulin more easily highlights plasmacytic
differentiation. Light chain restriction can be demonstrated and
is most evident in the plasma cell component. Transformation
is associated with a higher proliferation index and increased
expression of bcl-6 and MUM-1.2,22

Essential tests for diagnosis

Essential tests for staging

Spleen histology
+
Adequate immunophenotype
Suggested panel: CD20, CD3, CD5,
CD10, bcl-2, Kappa/lambda,
CD21/CD23, cyclin-D1, IgD, CD43,
annexin-A1
+
CLL score of 2 or less
or
Peripheral blood (with typical findings)
+
Bone marrow histology and
immunophenotype

Full blood count + differential
Metabolic panel

Diagnostic features
The establishment of SMZL diagnosis has spleen histology
as the gold standard. When its assessment is not available
(clinically unfit patients, or lack/mild splenomegaly), diagnosis relies on the combination of other laboratorial investigations, including analysis of lymphocyte morphology and
immunophenotype and bone marrow histology. Cytogenetic/
fluorescence in situ hybridization (FISH) studies may be
contributory. Although SMZL does not have a ubiquitous
recurrent chromosomal abnormality, cytogenetics/FISH
can rule out translocations that are common to other B-cell
lymphomas such as t(14;18) in follicular lymphoma and
t(11;14) in mantle cell lymphoma.2,19 Diagnostic criteria
consist of 1) spleen histology + immunophenotype with a
chronic lymphocytic leukemia (CLL) score of 2 or less; or
2) typical blood findings with bone marrow morphology and
immunophenotype (intrasinusoidal infiltration by CD20positive cells) (Table 1).19
Tests that have an ancillary role in the staging of SMZL
are full blood count/blood film with differentials and platelets; a comprehensive metabolic panel; LDH levels; liver
biochemistry with testing for hepatitis B (if rituximab use is
being considered) and C; computerized tomography scan of
the chest, abdomen, and pelvis; bone marrow biopsy with
or without aspirate; serum protein electrophoresis and/or
quantitative immunoglobulin levels; beta2 microglobulin;
autoimmune screen (direct antiglobulin test, rheumatoid factor, anti-DNA antibody, AMA (antimitochondrial antibody),
and antithyroid antibodies); and cryoglobulins (Table 1).9,19

Differential diagnosis
Other small B-cell lymphomas must be excluded, since the
micronodular pattern of splenic involvement, marginal zone
differentiation, and the presence of villous lymphocytes
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Table 1 SMZL diagnosis and staging
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Cytogenetics/FISH (ancillary study)

LDH level
Serology for hepatitis B
(if rituximab use) and C
SPEP and/or quantitative
immunoglobulin levels
Cryoglobulins
Autoimmune screen and
cryoglobulins
CT scan of chest, abdomen
and pelvis

Note: Data from Chacón JI, Mollejo M, Muñoz E, et al. Splenic marginal zone
lymphoma: clinical characteristics and prognostic factors in a series of 60 patients.
Blood. 2002;100(5):1648–1654.18
Abbreviations: CLL, chronic lymphocytic leukemia; FISH, fluorescence in situ
hybridization, LDH, lactate dehydrogenase; SMZL, splenic marginal zone lymphoma;
SPEP, serum protein electrophoresis; IgD, immunoglobulin D; CT, computerized
tomography.

in peripheral blood are not features restricted to SMZL.
Immunohistochemistry is a valuable tool to correctly classify these entities.
B-cell chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL) is composed of small B-cell lymphocytes, often admixed with prolymphocytes and paraimmunoblasts involving peripheral blood, bone marrow, lymph nodes,
liver, and spleen. Morphologically, the proliferation rarely
shows a marginal zone pattern in the spleen or intrasinusoidal
pattern of infiltration in the bone marrow, and there is never
true paratrabecular infiltration. Immunohistochemically,
CLL/SLL is positive for CD5 and CD23 and shows lower
expression of CD20.5,15
Hairy cell leukemia (HCL), although exhibiting some
similar lymphocyte morphology to SMZL in the peripheral
blood, can be easily discriminated based on the patchy bone
marrow infiltration that replaces the normal hematopoietic
tissue with increased reticulin fibrosis and the characteristic
red pulp infiltration in the spleen with atrophied germinal
centers, and expression of CD25, CD103, CD123, and
annexin-A1.2,9
Mantle cell lymphoma, although clinically different
because of the common peripheral lymphadenopathy, may
occasionally present with minimal lymphadenopathy and
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massive splenomegaly with bone marrow involvement.
Cytologically, however, the cells resemble centrocytes
with irregular/cleaved nuclei and the characteristic
i mmunophenotype that includes expression of CD5,
cyclin-D1, and SOX-11.2,5
Distinction from lymphoplasmacytic lymphoma can be
a difficult differential when lymphoplasmacytic differentiation is abundant in SMZL. A nodal biopsy and additional
tests, including genetic analysis for MYD88 mutation might
be needed.2,3
Distinction from hairy cell leukemia-variant (HCL-v) is
usually straightforward when the spleen histology is available for review because they are quite different cytologically,
with the cells from HCL-v cases showing prominent nucleoli.
The differential from splenic diffuse red pulp small B-cell
lymphoma (SDRPSBCL) may be difficult in the absence of
splenic histology. The marrow infiltration in both HCL-v and
SDRPSBCL is usually more strikingly intrasinusoidal. The
cells of SDRPSBCL and SMZL can be very similar, with
plasmacytoid nuclear features emphasizing the importance
of splenic histology for an accurate diagnosis.2,5
Benign lymphoid hyperplasia associated to HCV and
persistent polyclonal B-lymphocytosis are both reactive
conditions that may mimic SMZL, but can be distinguished
following ancillary laboratory studies and the demonstration
of clonality in cases of SMZL.

Genetics and molecular biology
Antigenic stimulation in pathogenesis
of SMZL
There are several strands of evidence suggesting a role
of antigenic stimulation in the pathogenesis of SMZL.
Approximately 20% of patients with SMZL present with
autoimmune phenomena. A small proportion of cases, particularly those from Italy, are associated with HCV infection and could be effectively treated by antiviral therapy.10
Sequencing analysis of the rearranged immunoglobulin
heavy chain variable gene (IGHV) demonstrated a biased
usage of IGHV genes, with IGHV1-2, IGHV4-34, and
IGHV3-23 accounting for 45% of cases.31,32 Most of the
rearranged IGHV genes show somatic mutations, although
at considerably variable frequencies. The IGHV1-2 rearrangements in SMZL are characterized by minimal somatic
mutations and longer complementarities determining region
3 sequence with common motifs, suggesting possible selection by superantigens.31 Taken together, the above findings
suggest a role of antigenic stimulation in the pathogenesis
of SMZL.
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Genetic basis of SMZL
Unlike other low grade B-cell lymphomas, SMZL lacks any
specific and recurrent chromosome translocation, although
CCND1-, CCND3-, BCL6-, MUM1-, or PAX5-involved
translocations were reported in isolated cases of SMZL.33,34
Comparative genomic hybridization (CGH) analyses identify
several recurrent chromosomal gains and losses in SMZL,
with 7q deletion being preferentially associated with this
lymphoma entity.

7q deletion in SMZL
A number of CGH studies including both early metaphase
and, more recently, array-based analyses consistently
showed recurrent gains of 3q25-ter (22%–32%), 6p (10%),
8q (8%–20%), 12q13–21 (∼10%), and 18 (12%), and
losses of 6q (8%–16%), 7q (18%–44%), 8p (∼15%) and
17p (8%–14%).35–40 Among these recurrent genomic gains
and losses, 7q deletion is the most frequent alteration. The
minimal common region deleted in 7q has been mapped to
a ∼3Mb region at 7q32.1–32.2 by array CGH analyses.39,40
Extensive screening of the 7q32 deletion by interphase FISH
analysis identified the deletion in 34% of SMZL and in ∼33%
of splenic B-cell lymphoma/leukemia unclassifiable, but not
or rarely in other lymphomas involving the spleen, including
CLL and HCL.39,40
Although an earlier study suggested an association
between 7q32 deletion and unmutated IGHV status in
SMZL,11 recent studies showed no correlation between
7q32 deletion and a range of genetic and clinicopathological parameters, including the IGHV mutation status.39,40 In
addition, gene expression profiling analyses did not reveal
any evidence, suggesting that SMZL with 7q deletion may
constitute a distinct subgroup.41 These findings suggest that
a common molecular mechanism may underscore the pathogenesis of SMZL with and without 7q32 deletion.
The genetic target(s) of 7q32 deletion in SMZL is unknown,
despite the extensive research for potential tumor suppresser
gene(s) at this genomic locus. There are no recurrent breakpoints or cryptic deletion, nor homozygous deletion in the
minimal deleted region at 7q32 in SMZL.39,40 There are a
number of genes in this region, including both coding genes
and noncoding microRNAs, which could be the potential
candidate genes targeted by the deletion. Sequencing of these
candidate genes so far, such as IRF5, FAM71F1, FLNC, TNP03,
AHCYL2, and CPA4, did not identify any recurrent pathogenic
mutations.39,40 Nonetheless, the expression of many of these
candidate genes was reduced in SMZL with 7q32 deletion in
comparison with those without the deletion. It remains to be
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investigated whether a haplodeficiency of one or more of these
candidate genes may have a role in the pathogenesis of SMZL.
The target of 7q deletion in SMZL remains obscure.

Somatic mutation profiles in SMZL
To date, there are four studies that have investigated somatic
mutation profile in a total of 36 cases of SMZL by whole
exome or genome sequencing, and these genome mutation
screenings have uncovered a wide range of potential pathogenic mutations.42–45 These mutation screenings, together with
candidate gene mutation analyses, have shown that several
signaling pathways and molecular processes are frequently
targeted by pathogenic mutations in SMZL.

Mutation in the NOTCH pathway
The NOTCH family members are highly conserved cell
surface receptor proteins that are fundamental for diverse
organogenesis and cellular differentiation. Activation of
NOTCH receptor by ligand binding initiates a cascade of
proteolytic cleavages of NOTCH and liberates its intracellular
domain, which translocates to the nucleus and activates transcription of downstream target genes.46 NOTCH2 is a master
regulator of marginal zone B-cell development.47,48
NOTCH2 mutations are the most frequent somatic
mutations found in SMZL, although at variable frequencies among different studies (6.5%–25%).42–45 Extensive
screening of other low-grade B-cell lymphomas including
CLL and HCL showed no or very rare NOTCH2 mutation,
suggesting that NOTCH2 mutation appeared to be specific
to SMZL.42,43 The vast majority of NOTCH2 mutations are
frameshift indels or nonsense mutations, and clustered in
a hotspot region upstream or within the C-terminal PEST
domain that is important for regulating degradation of the
NOTCH2 intracellular domain.42–45,49 These mutations would
eliminate or truncate the C-terminal PEST domain and thus
impair the degradation of the active NOTCH2 intracellular
domain, potentially enhancing its function.42–45,49
In addition to NOTCH2, several other NOTCH signaling
regulators including NOTCH1, SPEN, and DTX1 are also
targeted by somatic mutations, but at much lower frequencies.
Interestingly, mutations in these genes are largely mutually
exclusive.42,43 There is also a tendency of a mutually exclusive
pattern between the NOTCH and NF-κB (nuclear factor kappalight-chain-enhancer of activated B cells) pathway mutations.42

Mutation in the NF-κB pathway
Activation of NF-κB is normally transient and plays a
critical role in lymphocyte development, activation, and
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differentiation, including the generation and/or maintenance of marginal zone B-cells. Mutations in both the
canonical and noncanonical NF-κB pathways have been
extensively investigated in other B-cell lymphoma characterized by constitutive NF-κB activities,50–52 and these
findings have provided a framework for mutation analyses
in SMZL.
Through largely candidate gene mutation analyses,
several NF-κB regulators have been shown to be targeted
by somatic mutations in SMZL. These included activating
mutations in positive regulators such as CARD11 (∼7%),
MYD88 (∼5%–13%), IKBKB (7%), and MAP3K14, and inactivating mutations in negative regulators such as TNFAIP3
(7%–13%), BIRC3 (6.3%) and TRAF3 (5%).42,53,54 These
mutations are largely mutually exclusive,42,54 and most likely
enhance NF-κB activity.

Mutation in epigenetic regulation
Apart from mutations seen in the NOTCH and NF-κB pathways, whole exome or genome sequencing has also identified mutations in several epigenetic regulators.42–45 They
include MLL2 (a histone methyltransferase), ARID1A (a
member of the SWI/SNF adenosine triphosphate-dependent
chromatin-remodeling complexes), EP300 (histone and
nonhistone acetyltransferases), SIN3A (a core component
of the SIN3-HDAC1/2 histone deacetylase complex), and
TBL1XR1 (an intrinsic component of the SMRT-N-CoR
transcription corepressor machinery). The incidence of these
epigenetic regulator mutations and their role in the pathogenesis of SMZL remain to be investigated. Nonetheless,
these genes are also mutated in a range of hematological
and solid tumors.
Although whole exome or genome sequencing identified a
wide spectrum of mutations in SMZL, there are few common
mutations identified among the four published studies.42–45
A high proportion of cases showed no clearly pathogenic
mutations. It is highly likely that the genetic bases of SMZL
are not yet fully unraveled.

Cell of origin
Non-neoplastic marginal zone cells are germinal center
experienced B-cells with mutated IGHV chain genes. 55
Intriguingly, a great number of SMZL cells are IgD positive,
with a significant molecular heterogeneity related to IGHV
mutations (almost 1/3 of cases lack somatic hypermutation).9
SMZL cells show an overuse of VH1-2 gene segment in
mutated and unmutated cases, and some share almost indistinguishable stereotyped B-cell receptors. These features
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support the possibility of a highly selected subpopulation
of B-cells by a common antigen.32

Clinical course and predictive
factors
Most SMZL show a sustained uncomplicated evolution with
a median survival around 10 years.15,16,18 Time to progression generally exceeds 5 years developing in about 10%
of the cases.18 Deaths are most commonly unrelated to the
lymphoma, occurring in the event of secondary neoplasm or
vascular conditions.2,56
Factors associated with a poorer survival have been listed
and can be divided in clinical and biological parameters.
Several studies in multivariate analysis have proposed that
older age, high tumor burden (massive splenomegaly) anemia, lymphocytosis, high LDH, low albumin level, failure to
respond to treatment, and involvement of nonhematopoietic
sites are predictive factors of a shorter survival.9,57 Arcaini
et al16 proposed a prognostic model with three categories
(low risk, no adverse factors; intermediate risk, one adverse
factor; high risk, two to three adverse factors) based on the
presence of the following adverse factors: hemoglobin ,12
g/dL, elevated LDH, and albumin ,35 g/dL. The 5-year
survival reported was 88%, 73%, and 50%, respectively
(Table 2).
The SMZL Working group58 also suggested a score
based on parameters to discriminate lower survival (low
hemoglobin, low platelet count, high LDH, and extrahilar
lymphadenopathy). This stratification divided the population analyzed into three groups – score zero (no adverse
factors); score 1–2 (one or two adverse factors) and score

Table 2 SMZL risk stratification for a shorter cause-specific
survival
Parameters

Categories

Intergruppo Italiano Linfomi 200615
Low risk (No AF)
Low Hb ,12 g/dL
High LDH
Intermediate risk (1 AF)
High risk (2/3 AFs)
Albumin ,35 g/dL
SMZL Study Group 201260
Low Hb
Score 0 (No AF)
SMZL Study Group 201361
Low Plt count
Score 1–2 (1 or 2 AFs)
Simplified Risk Stratification*
 High LDH Extrahilar
Score 3–4 (3 or 4 AFs)
involvement

5-year
survival (%)
88
73
50
95
87
68

Notes: *Low Hb ,9.5 g/dL; low Plt ,80×109/L.
Abbreviations: AF, adverse factor; Hb, hemoglobin; LDH, lactate dehydrogenase;
Plt, platelet; SMZL, splenic marginal zone lymphoma.
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3–4 (three or four adverse factors), with a 5-year survival of
95%, 87%, and 68%, respectively. This group listed factors
that seemed to relate to need for treatment initiation: low
hemoglobin, extranodal disease, and positive serology for
HCV. Montalban et al, in an attempt to simplify the risk
stratification and make it more pragmatic for clinical use,
proposed cut-offs for hemoglobin (9.5 g/dL) and platelet
counts (80×109/L) (Table 2).59
Biological parameters such as mutation and/or overexpression of TP53 seemed to be associated with a more
aggressive clinical course and poorer survival.11,18,30,60

Management
Currently, there is no standard treatment for SMZL or criteria
to initiate it, as most patients are asymptomatic at diagnosis
and some may never require conventional therapy.5 Due
to the lack of prospective therapeutic trials and definite
prognostic scores, management is based mainly on disease
manifestations/stage and patient characteristics.9
Management strategies include a watch-and-wait policy, splenectomy, splenic radiation, and chemotherapy/immunotherapy.
The watch-and-wait policy is reserved for patients with early/
asymptomatic disease defined by lack of B-symptoms, nonbulky splenomegaly, good hematopoietic reserve, absent/
mild cytopenias, and no significant lymphadenopathy. This
should include follow-up every 3–6 months of a physical
examination, full blood counts, and biochemistry.16,61,62
Patients with symptomatic/advanced disease defined by
splenomegaly, presence of cytopenias, progressive lymphocytosis, and B-symptoms should receive treatment according
to their clinical status/staging.2,9
Splenectomy is becoming rarer as a primary treatment,
mostly related to the success of immunotherapy, but may be
considered for patients fit for surgery with a bulky spleen
or hypersplenism, minimal bone marrow involvement, and
negative serology for HCV. This procedure will debunk
tumor burden and correct/improve cytopenias. A clinical response to splenectomy is reported in 75%–100% of
patients, with an overall survival of 72%–88%.56,63,64 The
bone marrow will remain infiltrated; thus, all responses
will be partial.16,56
Splenic irradiation (6–8 grays in one or two fractions) can
be used as a palliative modality in the minority of patients
unsuitable for surgery or standard therapy.
The efficacy of IFN-α with or without ribavirin in the
setting of HCV infection has been demonstrated in several
reports. Complete responses have been associated with loss
of detectable HCV RNA load.65–67
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Chemotherapy is suggested for patients unfit for surgery
and those without bulky splenomegaly, with generalized
lymphadenopathy, progressive lymphocytosis, or extranodal involvement. There is no current standard regimen.
Most studies suggest that the use of purine analogs (fludarabine,
2′ chlorodeoxyadenosine, and 2′ deoxycoformycin) is more
promising than alkylating agents regarding response.9,17,19,61
Tsimberidou et al in a retrospective study have shown that the
use of fludarabine alone is effective but inferior to rituximab
alone or in combination regimen.63 The use of rituximab,
a monoclonal antibody that targets CD20 antigen expressed
in normal and neoplastic B-cells either as a single agent or
in combination with chemotherapy, has been shown to have a
remarkable efficacy, superior to the purine analogs in terms of
response rates, complete responses, and duration of responses.
Therefore, rituximab is becoming the treatment of choice for
these patients. There have not been randomized clinical studies to compare rituximab as single agent with schedules that
combine it with chemotherapy. At present, treatment with one
or the other modality may be tailored to an individual patient,
considering the extent of disease and his/her fitness.63,68–70
Patients with autoimmune disorders should receive conventional treatment for these disorders.
Complementary treatment is based on vaccinations for
Pneumococcus, Haemophilus, and Meningococcus and
antibiotic prophylaxis in patients undergoing splenectomy
and splenic irradiation. Patients who receive purine analogs should undergo prophylaxis for herpes zoster and
pneumocystosis.19,70
New potential treatments that are being used in other
B-cell lymphomas include potent anti-CD20 monoclonal
antibodies other than rituximab, drugs targeting the NF-κB
pathway such as the proteasome inhibitor bortezomib, and
Bruton´s tyrosine kinase.
Inhibitors or NOTCH inhibitors may well be considered
in the future, particularly in refractory patients.9

Conclusion
SMZL is a distinct entity with heterogeneous biological
and clinical features. Pathogenesis remains hypothetical,
with the neoplastic clone possibly arising from persistent
antigenic stimulation of marginal zone B-cells. Prognosis is
favorable, with a median overall survival of approximately
12 years. Due to its biological heterogeneity, SMZL lacks
any specific/recurrent chromosome translocation. Treatment
is dictated by clinical parameters and may include a watchand-wait policy for asymptomatic patients, splenectomy,
splenic radiotherapy, or immunotherapy with or without
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chemotherapy selected according to clinical status/staging.
In the future, molecular and cytogenetic data may dictate
personalized treatments based on abnormalities in the
NOTCH or NF-κB pathways.
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