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Abstract

Classical splenic marginal zone lymphomas are CD5—, CD10—, CD23—, CD43— and usually IgD+
with biphasic white pulp nodules. However, the 2008 WHO classification accepts splenic marginal
zone lymphomas with monophasic marginal zone-like white pulp nodules and recognizes a group of
unclassifiable splenic small B-cell lymphomas. To explore the relationship of classical splenic
marginal zone lymphomas to these other less well-defined splenic lymphomas, a multiparameter
study of 47 splenic marginal zone lymphomas and unclassifiable splenic small B-cell lymphomas
was performed. 17/31 splenic marginal zone lymphomas were biphasic and 14 monophasic (90—
100% marginal zone-like white pulp nodules). Sixteen cases were unclassifiable splenic small B-cell
lymphomas, most lacking a marginal zone-type component. There were many clinical similarities
between the three groups, including similar survivals. Monophasic and unclassifiable cases were less
likely to have a typical splenic marginal zone lymphoma phenotype (28.6%, 23.1%) compared to
biphasic cases (86.7%), usually due to IgD negativity (p<0.003). 34/42 (81%) cases had cytogenetic
abnormalities by fluorescence in situ hybridization and 17/20 (85%) by classical cytogenetics. The
most frequent fluorescence in situ hybridization abnormalities among the splenic marginal zone
lymphomas were del(7)(g31) (26%), +12 (25%) and +327 (27%) and among the unclassifiable cases
+12 (50%) and +3927 (36%). 5/6 unclassifiable cases with exclusively small non-marginal zone-like
lymphocytes involving both white and red pulp had +12 compared to 9/34 other cases (p<0.02).
CDKG6 (2 cases) and BCL3 (1 case) rearrangements were only seen in the unclassifiable group. These
results support including both biphasic and monophasic cases as splenic marginal zone lymphomas,
but suggest the lack of a non-marginal zone-like population in the monophasic group is associated
with some biologic differences. They also demonstrate a relatively large proportion of unclassifiable
cases, including a group with frequent +12.
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INTRODUCTION

The 2001 World Health Organization (WHO) classification defines splenic marginal zone
lymphoma (SMZL) as a B-cell neoplasm composed of small lymphocytes that surround and
replace the white pulp (WP) follicles and merge with a peripheral zone of larger marginal zone
(M2Z) like cells.(1) The 2008 WHO monograph however, acknowledges that some SMZL lack
a central core of smaller lymphocytes with only monophasic (MP) MZ-like WP nodules.(2,
3) Whether the MP cases have any distinctive features is uncertain. SMZL also has
characteristic phenotypic features (usually IgD+, CD5—, CD23—, CD10—, and CD43-), but
these findings are neither uniformly found nor specific.(2,4-6) Although del(7)(q31) is a
characteristic feature of SMZL, it is not completely specific for SMZL and is present only in
a minority of cases.(4,7-11) Other cytogenetic abnormalities have also been described that are
even less specific.(4,7-12) Interpretation of the literature, however, is problematic since SMZL
is sometimes used as a wastebasket for many splenic small B-cell lymphomas that cannot be
otherwise categorized.

The 2008 WHO classification recognizes these difficulties in part by creating a new category
of splenic B-cell lymphoma/leukemia, unclassifiable. (13) This group of lymphomas includes
splenic small B-cell neoplasms that do not fulfill the criteria for SMZL or any of the other well
recognized B-cell neoplasms and includes two provisional entities: splenic diffuse red pulp
small B-cell lymphoma (SDRPSBL) and hairy cell leukemia variant (HCL-v).(13,14) The
relationship of these provisional entities to each other and to SMZL remains to be determined.
Other small B-cell lymphomas that may have a splenic presentation have also been reported
such as those with IGH/BCL3 or CDKG translocations, including some still classified as SMZL.
(11,15,16)

For all these reasons, a multiparameter study of SMZL and other unclassifiable splenic small
B-cell lymphomas was performed to investigate whether cases that fulfill the current criteria
for MP SMZL have distinctive features and also to look at the unclassifiable cases in a search
for the existence of other distinct entities or to suggest which might simply be morphologic/

phenotypic variants of SMZL.

MATERIALS AND METHODS

Case Selection and Clinical Review

Splenic small B-cell lymphomas with a splenectomy specimen that did not fulfill the criteria
for chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL), mantle cell
lymphoma, follicular lymphoma, or hairy cell leukemia were selected. Available clinical data
from these selected patients was reviewed. This investigation was approved by the institutional
review boards at the University of Pittsburgh and the Cleveland Clinic Foundation. It is
acknowledged that because cases without a splenectomy specimen were excluded from this
study, it may not reflect the actual relative distribution of types of splenic small B-cell
lymphomas.
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Morphologic and Immunophenotypic Review

Hematoxylin and eosin-stained sections and all existing immunohistochemical stains and flow
cytometric data were reviewed. The following histopathologic features were evaluated: percent
biphasic (BP) white pulp nodules composed of a central zone of small lymphocytes with or
without a central germinal center surrounded by a peripheral zone of MZ-like cells, percent
MP white pulp nodules composed of MZ-like cells, predominance of red pulp (RP)
involvement, and presence of WP atrophy. Based on the above features, the cases were
separated into 3 groups as follows: BP - >10% BP white pulp nodules (1 case excluded from
this category because of a typical CLL phenotype); MP- >90% MP white pulp nodules;
unclassifiable (UC) - all other cases. Plasmacytic differentiation (based on light chain
restriction in plasma cells by immunohistochemistry), presence of epithelioid histiocyte
clusters, presence of prominent RP nodules, extramedullary hematopoiesis, and presence of
prominent rings of T-cells surrounding WP nodules (based on CD3 stain) were also recorded.
The median time from original diagnosis to splenectomy (and range), known in 45 cases, was
as follows: BP cases - 1 month (0-60); MP cases — 1 month (0-96) and UC cases 0 months
(0-19). Prior treatment was documented in 3/13 BP cases (no data in 4), in 1/10 MP cases (no
data in 4), and in 1/11 UC cases (no data in 5). Peripheral blood smears were also reviewed
when available.

Tissue Microarray (TMA) construction

TMA were contructed with 2-5 1mm cores from each of 43 spleens where paraffin embedded
tissue was available, and, when possible, with 2 cores of involved splenic hilar lymph nodes.
Six cores from 3 separate control spleens not involved by lymphoma were included in each
TMA.

Immunohistochemistry

Cytogenetic

Immunohistochemical stains were performed on cases with sufficient material. unless already
available, using the Ventana BenchMark XT instrument and antibodies to detect the following:
CD20 (Ventana, Tucson, AZ), CD3 (Dako, Glostrup, Denmark), CD5 (Cell Marque), CD23

(The Binding Site, Birmingham, U.K.), CD10 (Cell Marque), cyclin D1 (Ventana), BCL2 (Cell
Marque), BCL6 (Dako), IRF4/MUML1 (Dako), CD43 (Ventana), IgD (Dako), and kappa and

lambda light chain (Lab Vision, Fremont, CA). Cases considered positive showed positivity

on the majority of neoplastic cells. Cases considered negative lacked definitive staining of the
neoplastic cells. An immunohistochemical stain for p53 (Dako) was performed on the tissue

microarray. Only cases with a majority of strongly positive cells were considered positive.

fluorescence in situ hybridization (FISH) studies

FISH studies were performed on TMAs using the following probes: CEP7, D75486, LSI BCL6
dual color breakapart, LSI MALT1 dual color breakapart, LSI BCL2 dual color breakapart,
LSl EGR1/D5S23, CEP18, CEP12, and CEPX (Abbot Molecular Inc, Des Plaines, IL), LSI
BCL3 dual color breakapart (Dako North America, Inc, Carpinteria, CA) and LS| CDK6
breakapart (courtesy of EDM composed of SpectrumOrange- (BACS: CTB-10G5,
RP5-1099C19, CTB-85C5, and RP5-850G1) and SpectrumGreen-labeled (BACS:
CTB-10414, GS1-440B14, and GS1-16514) DNA probes that hybridize to flanking regions of
the CDKG®6 break point). The slides were deparaffinized, co-denatured with probe, allowed to
hybridize overnight, unbound probe was washed away, and slides were mounted with DAPI/
Antifade (Millipore, Billerica, MA). The signal patterns from a minimum of 30 cells were
scored for each core. Cutoffs to determine positive samples were established for each probe
based on the negative controls included on each array together with our laboratory’s experience
(U.S.) with clinical specimens. A case was considered positive if at least one of the cores
exceeded the threshold for positivity. Additional cells were studied from borderline samples.
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Inconclusive TMA results were further assessed either with whole section FISH when
sufficient material was available or based on the classical cytogenetic findings. The number
of cases evaluated by whole section FISH are as follows: BCL6 breakapart (1 case); CEP12
(1); CEP18 (3); EGR1/D5S23 (5); CEPX (5).

Classical cytogenetic studies

Results of available classical cytogenetic studies, performed using standard trypsin-Giemsa
banded karyotyping (17) on spleen or involved bone marrow specimens, were reviewed.

Statistical analysis

RESULTS

Statistical analyses were performed using the Prism software package, version 3.03 (GraphPad
Software, Inc., La Jolla, CA). Categorical data was evaluated using Chi square or Fisher’s exact
test. Numerical data was evaluated with a one-way ANOVA with a Tukey post test.

Gross and microscopic pathology

The spleens ranged from 150-3784 g (44 cases) without significant differences between the
BP, MP and UC groups (mean weights 13429, 17869 and 1409g respectively). The UC group
was significantly less likely than the BP or MP groups to have grossly prominent white pulp
(65%, 67% and 27%, p < 0.02). 31/47 cases fulfilled the 2008 WHO criteria for SMZL,
including 17 BP cases with classic biphasic WP nodules (Fig. 1A, B) and 14 MP cases with
>90% of the WP nodules composed entirely of lymphocytes with MZ-like morphology (Fig.
1C, D). Sixteen UC cases did not clearly meet the WHO criteria for SMZL or any other specific
small B-cell neoplasm (pathologic findings in Table 1). A diffuse or micronodular RP
proliferation of small non-MZ-like lymphocytes with atrophic WP, focally prominent WP
nodules (Fig 1E, F) or more extensive WP involvement was found in 9 of these cases. Some
of the remaining UC cases raised the possibility of a lymphoplasmacytic lymphoma (LPL), a
difficult to diagnose or atypical SMZL or another type of MZ lymphoma.

Light chain restricted plasma cells (Fig. 2A and B) were present in 41% of cases, with a similar
proportion in the BP, MP and UC groups (44%, 36% and 44%). All three groups included cases
with prominent RP nodules (8/47), cases with epithelioid histiocyte clusters that were
sometimes numerous (15/47) and cases with a prominent ring of T-cells surrounding the WP
nodules (11/47) (Fig. 2C and D) without significant differences between the groups.
Extramedullary hematopoiesis was present in 6/47 cases.

All splenic hilar lymph nodes available to review were involved by lymphoma. The BP (4/4)
and MP (8/8) cases as well as 8/9 UC cases had intact sinuses. All BP cases and 7/8 MP cases
had a follicular (nodular) growth pattern. The remaining MP case had a diffuse pattern. The
clearly involved areas in the lymph nodes from the MP cases included mostly a monotonous
proliferation of MZ-like cells. The BP cases had variable numbers of MZ-like cells and small
lymphocytes. Some BP cases also demonstrated ill-defined zonation with a central area of
small lymphocytes surrounded by MZ-like cells, but this finding was focal and much less
pronounced than in the spleen. The growth pattern in the lymph nodes from the UC group was
follicular in 5 cases, diffuse in 2, interfollicular in 1 and not assessable due to insufficient tissue
inl.

Immunohistochemical phenotype

All cases were CD20+, BCL2+, CD10- and cyclin D1-and all but 1 BCL6— (Table 2). A
minority of cases from each group was IRF4/MUM1+ although all but 2 of the positive cases
had only weak staining. IRF4/MUM1- cases often had scattered positive plasma cells and a
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few scattered positive lymphocytes that often included some large cells (Fig. 2E). 1gD positivity
was found in 93% of the BP cases (Fig. 2F), but in fewer MP and UC cases. In one of the BP
cases, there were fewer and more weakly 1gD+ cells in the marginal zones than elsewhere. No
significant differences were identified for any of the other individual immunohistochemical
markers, although there was a trend for more CD43+ cases in the MP and UC groups.

All but two BP cases had a typical SMZL phenotype (IgD+, CD5—, CD23-, CD10—, CD43-)
with the exceptions either CD5+ (1 case) or IgD— (1 case). In contrast, only 29% and 23% of
the MP and UC cases respectively had a typical SMZL phenotype (p < 0.003 vs. BP). All but
1 of the MP cases with an atypical phenotype differed by just 1 marker. The most frequent
aberrant marker was IgD (5 cases); 2 cases were CD43+; 1 CD5+; and 1 CD23+. The one MP
case with 2 phenotypic aberrancies was CD23+, CD43+ but staining for both was weak. In the
UC group, 10 cases had an atypical SMZL phenotype including 7 with only 1 aberrancy (6
IgD—and 1 CD43+). Three cases had at least 2 aberrancies; one CD5+, CD43+ but CD23—
and the other 2 CD5+, CD23+ (1 CD5+ by flow cytometry, both dim CD20+). One CD5+,
CD23+ case with intermediate intensity « staining by flow cytometry appeared to closely
resemble SMZL (case 16, lymphocyte count 2.0x10%L, no smear available to review). The
other had a diffuse growth pattern, plasmacytic differentiation, lacked proliferation centers,
had bright A staining by flow cytometry and an absolute lymphocyte count of only 1.2x10%/L
(case 3). A peripheral blood smear from 2 years prior to the splenectomy showed occasional
lymphocytes with possible short villous projections. Three cases were p53+ by
immunohistochemistry (one BP and two UC). The BP case had del(17)(p13) by classical
cytogenetics. One UC case had cytogenetic abnormalities not involving 17p13. The third case
lacked available cytogenetic data.

studies

17/20 cases (85%) with classical cytogenetic studies had an abnormal karyotype. The normal
cases included one UC case with only two metaphases and with one cell having a =Y (Table
3). Six cases had a single cytogenetic abnormality, 5 two abnormalities and 6 >3 abnormalities.
Only 2 cases, both BP, had loss of the long arm of chromosome 7 (1 had a del(7) (g21931) and
1 had monosomy 7). Four cases showed +3, four +12 and one partial +12q, three +X, two +5,
and two del(6qg). Chromosome abnormalities involving 17p13 were seen in 5 cases (4 BP).
One case had add(14)(g32) with an IGH/BCL3 translocation by FISH.(15)

34/42 cases (81%) showed FISH abnormalities with a similar proportion in the 3 groups (79—
83%) (Table 4). Of the cases without demonstrable abnormalities, four had all probes
successfully studied, two were missing just BCL6 and two had 3—4 missing probes (one case
that was negative for del(7)(q31) but lacked FISH data for the other probes was not included
in the denominator). The most frequent FISH abnormalities among the SMZL cases (including
both BP and MP cases) were del(7)(g31) (26%) (Fig. 3), +12 (25%) and +3q27 (27%) and
among the UC cases, +12 (50%) and +3q27 (36%) without significant differences between any
of the three groups for any of the abnormalities. Only one UC case demonstrated del(7)(q31),
however, this case also had an extra normal copy of chromosome 7. CDK®6 (2 cases, both with
+12) and BCL3 (1 case) translocations were only seen in the UC group. 5/6 UC cases composed
entirely of small lymphocytes without MZ-like cells and having both WP and RP involvement
had +12 compared to 9/34 of all remaining cases (p<0.02). The lymphocyte counts in the 6
cases were 0.72, 1.32, 4.68, 44.5, 64.7x10%/L and unknown in one (no smears available to
review). None of the FISH abnormalities correlated with any of the immunophenotypic
findings (Table 4).
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Clinical and Laboratory Characteristics

Bone marrow involvement by lymphoma was documented in 13/14 BP, 12/12 MP, and 7/11
UC cases (BP/MP vs UC, p<0.03)(Table 5). The mean absolute lymphocyte count was higher
in the UC group due to 3 cases with a count >44 x 10%/L (cases 23, 28 and 43). However, the
proportion of cases in each group with a lymphocytosis did not show significant differences.
Circulating villous lymphocytes were seen in 2/8 BP and 2/6 MP cases. One UC case lacked
villous lymphocytes (case 13) and the other had occasional possible villous lymphocytes (case
3). MP cases were more likely to have adenopathy than BP cases, although few SMZL cases
had any peripheral adenopathy. Overall survival was similar for each of the groups (Fig. 4).

DISCUSSION

Defining the borders of SMZL is complex.(18-21) The 2001 WHO classification defined
SMZL as a CD5, CD10, CD43, and CD23-negative, but IgD+ small B-cell neoplasm that
involves the RP and WP forming BP WP nodules with a central zone of small lymphocytes
with or without a central germinal center surrounded by a peripheral zone of larger MZ-like
cells.(1) The 2008 WHO classification expanded the definition to include previously described
cases that consist entirely of MZ-like cells (2) and to allow for more variation in the
immunophenotype.(3) Some splenic lymphomas have morphologic and/or phenotypic features
that do not fit even this expanded definition of SMZL. Because of this, the 2008 WHO
classification includes a new category, splenic B-cell lymphoma/leukemia, unclassifiable.
(13) Some of these UC splenic lymphomas are included in studies of “SMZL,” leading some
to emphasize the “considerable histologic, immunohistochemical, and molecular heterogeneity
of SMZL,” but also causing confusion.(6) Additional confusion arises from the belief by some
that SMZL are not actually neoplasms of splenic MZ cells.(3,23) These authors emphasize the
dissimilarities between SMZL cells and normal splenic MZ cells (23); however, others stress
their similarities including their similar ultrastructural features.(2,6,24)

Approximately two-thirds of the splenic small B-cell lymphomas reported here fulfill the 2008
WHO criteria for SMZL, although almost half of these cases had a MP pattern, rather that the
classic BP pattern required by the 2001 WHO criteria. The MP cases also had predominantly
MZ-like cells in the involved areas of the lymph nodes examined. In spite of these
morphological differences, the recent inclusion of the MP cases as SMZL is supported by their
similarity to the BP cases in terms of their other clinicopathologic features. In addition, some
cases also had infrequent BP white pulp nodules. Near universal involvement of bone marrow,
in both the BP and MP, but not the UC cases, is another characteristic, although nonspecific
feature of SMZL.(25) In contrast to the BP cases, however, the MP cases were more likely to
have adenopathy (usually not peripheral) and an immunophenotype atypical for SMZL. The
most common phenotypic aberrancy was IgD-negativity followed by CD43-positivity. Other
phenotypic aberrancies, also reported by others, include infrequent CD5 and CD23 expression.
(19,26) All but one of the BP cases were IgD+ and all were CD43—and CD23—. Another recent
study of SMZL also found a higher proportion of IgD+ cases among the BP rather than MP
cases with MZ cells.(6).

These findings suggest that, although the BP and MP cases have many similarities, the lack of
a significant non-MZ-like component in the MP cases may have meaningful biologic
correlates. These cases might be more of a true MZ lymphoma, whereas the more classic BP
cases may be a neoplasm of the essentially undefined small B-cells that lack the morphologic
features of classical splenic MZ cells, but which either acquire a MZ morphologic appearance
when present in the MZ (as seen with some other B-cell neoplasms)(21) or show actual MZ
differentiation. Although most of the cases that predominantly involved the RP were composed
of lymphocytes or plasmacytoid cells that did not closely resemble classic splenic MZ-type
cells, one case included in the UC group was composed of MP MZ-type cells. This case did
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show WP involvement but it was not expanded. Further supporting that cases such as this are
best considered SMZL, one of the early descriptions of SMZL in which the neoplastic cells
were all considered to resemble MZ cells, reported 4/14 cases had diffuse splenic architectural
effacement including one case that also had a small focus of nodular growth.(2)

IgD-negativity is also a frequent feature of SDRPSBL, or what has also been reported as
“splenic red pulp lymphoma with numerous basophilic villous lymphocytes,” a B-cell
neoplasm consisting of relatively small lymphocytes diffusely involving the splenic RP.(13,
14,20) The cytology of the neoplastic cells has been variably described. Two cases included
in the UC group had many features of this provisional entity although they lacked classic MZ-
like cells and one had a phenotype most like CLL. The latter case, however lacked WP nodules
and the sometimes subtle proliferation centers usually seen with CLL/SLL in the spleen(27).
The patient did not have a lymphocytosis and did have some circulating lymphocytes with
possible short villous projections. It may be that SDRPSBL includes some cases that are most
like a diffuse proliferation of the MZ-component of SMZL (2) and others that are more like a
diffuse red pulp variant of the small lymphocytic cases described below with frequent trisomy
12. Unfortunately, rather limited data were available regarding the detailed peripheral blood
and bone marrow findings in many of the patients included in this study. These two components
are important in the ultimate categorization of some of the splenic small B-cell lymphomas.

The reported incidence of plasmacytic differentiation in SMZL ranges from 21 to 74%.(2,19,
28) Compared to non-plasmacytic SMZL, those with plasmacytic differentiation have been
reported to demonstrate more frequent monoclonal paraproteins and autoimmune hemolytic
anemia but otherwise to be clinically similar.(28) In our series, plasmacytic differentiation was
present in 41% of cases with an approximately equal distribution among the three groups. In
some cases there was a prominent, although not usually exclusive, accumulation of light chain
restricted plasma cells within the WP nodules, a characteristic but not specific pattern for
SMZL.. (6,19) One of the UC cases probably represents a lymphoplasmacytic lymphoma (LPL)
which, when it involves the spleen, grows diffusely or forms small RP nodules.(29) However,
because LPL remains a diagnosis of exclusion, the case was retained in this study.

Cytogenetic abnormalities were found in slightly > 80% of all cases studied, similar to the
results of others (20,30) and without clear-cut differences between the 3 groups of cases.
Cytogenetic abnormalities have been reported to be more common in SMZL than in splenic
red pulp lymphoma with numerous basophilic villous lymphocytes.(20) Although no
significant differences were documented between the three groups of patients, based on the
FISH studies all but one of the cases with del(7)(q31) were in one of the two SMZL groups
with the one UC case being the difficult to interpret case that also had an extra copy of a normal
chromosome 7. The case with —7 by classical cytogenetics was also a SMZL. These findings
are consistent with del(7)(g31) being relatively specific for SMZL.(4,10,11) Overall del(7)
(g31) was present in 26% of SMZL cases in the current study which is comparable to the 16—
36% reported in previous FISH studies.(11,30) A study that evaluated loss of heterozygosity
reported allelic loss on 7q in 40% of SMZL. (9) Although sometimes present with other
trisomies, del(7)(q31) was never found with +3g27, consistent with previous reports that these
are usually, but not always, mutually exclusive abnormalities.(4,30) A similar proportion of
SMZL cases (27%) demonstrated +3927, implying probable partial or complete trisomy 3.
This is also consistent with the most commonly reported frequencies of +3 in SMZL
(approximately 10-36%)(10,11), although much lower (4%) and higher (55%) proportions
have been reported.(31,32)

Trisomy 12 was seen 25% of SMZL in the current study by FISH including both BP and MP
cases. This is somewhat more frequent than seen in previous FISH studies of SMZL where it
has been reported in 6-18% of cases (12,30) but is comparable to the percentage of cases with
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gains of 12q by comparative genomic hybridization (CGH).(33) Trisomy 12 was also present
in 50% of the UC cases in the current study, including all but one of the 6 UC cases with RP
and WP involvement by exclusively small non-MZ type lymphocytes. This is significantly
more frequent than was found in the other UC cases or all other cases overall. One of these
cases also had a CDKG6 rearrangement. Although often used to support the diagnosis of atypical
CLL, +12 is not a specific finding, even being found in some classic SMZL. These 6 cases
were all CD5 and CD23 negative with very variable lymphocyte counts. This observation lends
support to the need at the current time for the category of UC splenic B-cell lymphomas, since
at least this subset of non-MZ-like cases are clearly distinctive from any type of SMZL.

The UC category also included a heterogenous group of other cases including a small subset
of cases that may be best defined by their cytogenetic abnormalities. One previously reported
case included in this series had a micronodular proliferation of small lymphocytes in the RP,
atrophic white pulp, a phenotype most like SDRPSBL, and an IGH/BCL3 translocation.(15)
The IGH/BCL3 translocation is a rare recurrent cytogenetic abnormality seen in a variety of
B-cell neoplasms, often described as CLL/SLL with an atypical morphology and/or phenotype.
(34) Rearrangements of CDKS6, as found here in 2 cases, have also been found in a minority
of small B-cell lymphomas including “SMZL.”(16) Although cases with CDK6
rearrangements have been reported to be CD5+ and to be associated with a marked
lymphocytosis and generalized lymphadenopathy (16), the two cases in this series were CD5
—, adenopathy was absent in at least one of the patients and the lymphocyte count, known only
in one patient, was 4.68x10%/L.

An extra X chromosome was found in 18% of the SMZL. Data on +X in SMZL is limited,
however one study demonstrated gains in X in 30% of cases by CGH.(4) Other less frequent
FISH abnormalities seen in our SMZL cases and in previously reported series include +18, +5,
and rearrangement of BCL6.(4,11,30) Trisomy 18 and +5 were also seen in a small number of
UC cases but not BCL6 rearrangement. Five cases, 4 of which were in the BP group, had
abnormalities involving the chromosomal band 17p13. Two additional UC cases showed strong
p53 protein positivity by IHC. While not specific for SMZL, abnormalities in the TP53 gene
located at this site have been associated with a poor prognosis in SMZL.(35)

In summary, this study illustrates the heterogeneity of splenic small B-cell lymphomas. The
findings support the current inclusion of splenic B-cell lymphomas with a MP pattern and
predominantly or exclusively MZ-like cells as a morphologic variant of SMZL; however, they
suggest that these cases may have some underlying biologic differences. They may be closer
to a lymphoma truly derived from splenic MZ cells and may rarely predominantly or
exclusively involve the RP. There are also a significant proportion of unclassifiable splenic
small B-cell lymphomas that show overlapping features with the SMZL and a similar indolent
course. The relationship of SMZL these to other splenic-based, not otherwise categorizable,
small B-cell lymphomas that lack a morphologically identifiable MZ component and which
have a pure RP distribution or involve both the RP and WP, remains unclear, and argues for
retention at the current time of the WHO category, splenic B-cell lymphoma/leukemia,
unclassifiable. Some may be related to the non-MZ component of otherwise classical SMZL.
Finally, some of the unclassifiable cases may belong to potential entities perhaps best defined
by their cytogenetic abnormalities, such as BCL3 or CDKG translocations.
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Figure 1.

A. Biphasic SMZL with expanded WP nodules consisting of a central core of small
lymphocytes surrounded by an outer zone of marginal zone-like cells The lower nodule may
demonstrate remnants of a follicular center. B. In contrast to the small lymphocytes in the
central core of the WP nodules (top), the cells in the marginal zone are larger, have more
dispersed chromatin including some with nucleoli and have more abundant pale cytoplasm.
(A&B, case 39) C. Monophasic SMZL with large WP nodule consisting entirely of marginal
zone-like cells with no inner core of small lymphocytes. D. The relatively monotonous
neoplastic cells resemble a normal splenic marginal zone. (C&D, case 9). E. Unclassifiable
splenic small B-cell lymphoma with small lymphocytes diffusely infiltrating the RP. Some
WP nodules composed of small lymphocytes were also present. F. The numerous small
lymphocytes appear somewhat plasmacytoid. (E&F, case 43). (H&E, A, C, E, 10x; B, D, F,
100x)
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Figure 2.

Kappa (A) and lambda (B) staining in a SMZL with plasmacytic differentiation demonstrates
kappa light chain restricted plasma cells predominantly within the white pulp nodules (case 2,
100x). CD43 (C) and CD3 (D) from the same biphasic SMZL showing CD43 negativity in the
lymphoma (case 39, 40x). Note the ring of T cells surrounding the neoplastic white pulp
nodules. E. Biphasic SMZL showing IRF4/MUML1 negativity. The inset demonstrates few
scattered positive lymphocytes, including some that were large (case 47, 40x, inset 500x). F.
Biphasic SMZL showing diffuse gD positivity (case 39, 40x). (immunohistochemical stains
with hematoxylin counterstain)
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A

Figure 3.

FISH analysis for del(7)(g31.2) A. Representative case without del(7)(g31.2) showing two
signals for CEP7 (green) and two signals for D7S5486 (red). B. Representative case with del
(7)(931.2) showing two signals for CEP7 (green), but only one signal for D7S486 (red).
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Percent Survival

Figure 4.
Overall survival curves for biphasic, monophasic and unclassifiable groups (p=not significant).
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Immunohistochemistry (% positive)

Table 2

CD5

CD23

CD10

CD43

Bcl-2

Bcl-6

IRF4/MUM1

IgD

Cyclin D1

CD5(-), CD10(-), CD43(-), CD23(-)

IgD(+), CD5(-), CD10(-), CD43(-), CD23(-)

Number of Patients (BP/MP/UC)
16/14/15
15/14/16
15/14/16
16/14/12
16/14/14
16/14/16
15/14/16
15/14/14
16/14/16
15/14/13

15/14/13

Biphasic
6

0

0

0
100

27
93

94

87

Monophasic
7
14
0

N

21
100

29

64#

64#

Fk

29

Unclassifiable
13
13
0

AN

25
100

31
57

69

23

*
p<0.04 vs. BP

Fk

p <0.003 vs. BP
#p =0.08 vs. BP
N
p=0.09 vs. BP
Y

A
p=0.07 vs BP

BP-biphasic, MP-monophasic, UC-unclassifiable
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Table 3

Case | Group FISH Karyotype
41-43,X,-Y,der(3;14)(p10;q10),add(7)(p22),der(8;17)(p10;q10),
der(10)t(10;15)(q22;q11.2),der(12)t(12;18)(p13;q11.2),

2 BP +12 del(13)(q12q14), dd(13)(q34),der(14)t(Y;14)(q11.2;q24),-15,
add(21)(p11.2)[10-11],+1-2mar[6][cp11]/46,XY.i(8)(q10),
+12,der(12;17)(p10;q10),+13, del(13)(q12q14),-14,i(15)(q10)[4}/
46,XY[5]

4 BP +5 47 XX +5,i(5)(p11)[6]/46,XX[11]

8 BP +12 ND

11 BP None ND

14 BP NE 48, XY, +X,+3[6]/46,XY[17]

19 BP +3q27 ND
44-45 XX +X,del(6)(q12q23).-7,add(8)(p23),-17,add(20)(q13.3)
[cp8)/

20 gp | q2+7>’(+18’ 81-89, XXXX,+X, del(6)(q12q23)x2,-7,-7,add(8)(p23)x2.i(13)
(q10].-17,

-17,add(20)(q13.3)x2[cp3]/46,XX[13]

21 BP +X ND

+3q27, +X

26 BP BCLeT | ND

27 BP None ND

29 BP del(7)(q31) | ND
42-45 X del(X)(q22),-Y,del(1)(p12),add(1)(p36.3).i(3)(q10),
der(5)t(5;9)(p15.3;q12),del(6)(p21),der(8)del(8)(p11.2),

30* BP +3q27 | add(8)(q24.3),-9,del(11)(q23).del(12)(p13),del(13)(q12q14),
inv(15)(p11.2q13), der(16)t(3;16)(p13;p11.2),del(17)(p13),-21,
add(21)(p11.2)[cp6]/ 46, XY[13]

39 BP del(7)(q31) | 46,XX.del(7)(q21q31)[18]/46,XX[2]

42 BP None 46,XY,del(9)(q22), psu dic(14517)(q32;p13),+mar[16]/46,XY[4]

48 BP del(7)(q31) | ND

49 BP NE ND

+12, . .

1 MP BOLAT | 46.XX.der(16)t(12;16)(q13;q24)[15)/46,XX(5]

SH* MP de'(?l(f D: | 47Xy +12[3)/46 XY[6]

o# MP +3q27 48,XY,+3,+mar[1]/46,XY[2]

10 MP | del(7)(q31) | ND

+5, +12,
17 MP 18 46,XY[20]
18 MP +12 46,XX[20]
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22 MP +3q27, +18 | ND
25 MP del(7)(q31) | ND
31 MP +X ND
41 MP None No Growth
45 MP NE ND
46 MP NE ND
50 MP del(7)(q31) | ND
51 MP None ND
3 ucC +3q27 46,X,Y[1]/ 45,X,-Y[1]
6 ucC +3q27,+12 | ND
12 ucC None ND
13 ucC +12,+X | 48,XX,+X,+18[cp5]/46,XX[9]
15 ucC BCL3-T | 46,XX,add(14)(q32)[15]/46,XX]5]
16 ucC +X 46, XY 1(5;17)(p15.3;q12)[12)/46,XY][06]
46,X,-X,+1,dic(1;19)(q11;p13.3),+3,del(6)(q13¢25),+13, del(13)
23wk ucC +3q27 (q12q14),der(15)t(1;15)(q21,926),-22[4],1-2dmin[2][cp4]/
46, XX][5]
24 ucC +12,+X | ND
28 ucC +12 ND
32 ucC None ND
36 ucC +3q27, +18 | ND
CDKe6-T
37 ucC 12 > | ND
38 ucC CDfig_T’ 46,XX,del(17)(p12)[4])/47,idem,+12[3]/46,XX[cp13]
40 ucC None 46,XX,add(6)(p25)[7]/46,XX[13]
43 UC del(i)l(;ﬁ D, No Growth
44 uc +3q27, +5, | 53.XX,+2,+3,+5,+6,+7,+8,inv(9)(p1 1q12)c,+12[11]/ 46,XX,inv(9)
+7, +12 (p11q12)c[9]

Except where indicated, karyotypes were performed on splenectomy specimens. The recurrent abnormalities (or related recurrent abnormalities) are
in bold.

T = Translocation; NE = Not evaluable; ND = Not Done

*
Karyotype obtained from involved bone marrow.

F¥k

Karyotype obtained from involved lymph node.

KKk
Obtained from involved peripheral blood.
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This case was included among the cases with +3 even though the abnormality was found in one cell in this very limited study. The resolution of the
chromosomes in this case precluded identification of the second additional chromosome present in the single abnormal cell.
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Table 5

Clinical and Laboratory Characteristics

Number of Patients (BP/MP/UC) Biphasic Monophasic | Unclassifiable
Age, years (mean + sd) 17/14/16 60.9+125 68.8 +10.8 66.6 +7.8
Gender 17/14/16 12F/5M 6F/8M 9F/TM
Adenopathy® 15/12/11 40 g3* 64
Central & Peripheral (%) 13 8 36
Central only (%) 27 75 27
None (%) 60 17 36
Fever (%) 6/8/7 50 50 14
Weight loss (%) 6/8/6 333 75 0
Stage at diagnosis (Number of patients)
Stage 1 1 0 1
Stage 2 0 0 0
Stage 3 0 0 3
Stage 4 12 12 6
Marrow involvement (% positive) 14/12/11 93 100 gat
CBC data (mean + sd)
Hemoglobin 15/13/12 9.2+27 93+24 95+26
WBC (x 109/L) 15/13/12 13.4+10.7 10.5+13.1 26.4 +40.2
% Lymphocytes 12/12111 204+132 | 268%129 39.1 + 26"
Absolute Lymphocyte Count (x 10%/L) 12/12/11 28132 1711 18.1 +295@
Platelets (x 10%/L) 14/13/12 156 + 113 137+ 78 141+ 101
Treatment (No. of cases)
Splenectomy alone 1 4 3
Rituximab (R) only 1 3 3
Anthracycline based chemotherapy 0 0 2
Anthracycline based chemotherapy + R 4 1 0
Non-anthracycline chemotherapy 2 0 0
Non-anthracycline chemotherapy + R 1 2 2
Unknown 8 4 6

BP-biphasic, MP-monophasic, UC-unclassifiable

¢Central lymphadenopathy is defined as adenopathy limited to the abdomen, retroperitoneum and/or mediastinum (data included only for patients
who had CT and/or PET). No cases had lymphadenopathy limited to peripheral sites.

*
p<0.02 vs. hiphasic

#p<0.03 vs. biphasic and monophasic groups pooled

N
p<0.03 vs. biphasic and monophasic groups pooled, p<0.05 vs. biphasic

@

p<0.02 vs. biphasic and monophasic groups pooled
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