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Abstract

Background: Splenic marginal zone lymphoma (SMZL) is a rare lymphoid B-cell malignant neoplasm with primary
involvement of the spleen. It is a chronic disease, of indolent behavior and prolonged survival. However, 25% of
cases have higher biological aggressiveness, propensity for histological transformation to high grade B-cell non-
Hodgkin lymphoma and shortened survival. Recognition of these cases of reserved outcome is important for
selecting a risk-adapted therapeutic approach in a resource-poor settings.

Methods: We described clinical and epidemiological characteristics, survival analysis and prognostic factors in a
retrospective cohort of 39 SMZL patients, treated in Latin America.

Results: We observed a predominance of female (71.8%), median age of 63 years and higher incidence of B
symptoms (56.4%) and extra-splenic involvement (87.1%) than in European and North-American series. With a
median follow-up of 8.7 years (0.6-20.2 years), estimated 5-year overall survival (OS) and progression-free survival
(PFS) were 76.9% and 63.7%, respectively. Factors with adverse prognostic impact on OS and PFS were Hb < 100 g/
L, platelet count < 100 x 10%/L, albumin < 35 g/dL, LDH > 480 U/L and high-risk Arcaini and SMZL/WG scores.
Despite a relative low number of patients, no superiority was observed among the therapeutic regimens used
including rituximab monotherapy, splenectomy and cytotoxic chemotherapy.
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Conclusion: Therefore, in resource-poor settings, where access to immunotherapy is not universal for all SMZL
patients, we suggest that first-line should consist on rituximab therapy for elderly patients or with high surgical risk
or with at least 1 risk factor identified in our study. Remainders can be safely managed with splenectomy.
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Background

Splenic marginal zone lymphoma (SMZL) is a malignant
neoplasm with primary involvement of the spleen, charac-
terized by the proliferation of small B-cell lymphocytes,
predominantly in the spleen white pulp, with nodular
histological arrangement and indolent behavior [1, 2]. It
represents 2% of all non-Hodgkin's lymphomas (NHL),
but is the most common histological subtype of splenic
primary lymphoma [2]. Usually, patients have massive
splenomegaly, peripheral blood cytopenias, and absence of
peripheral lymphadenopathy, except for splenic hilum [3].
There is no extranodal involvement, except for the liver
and bone marrow. About 50%-60% of patients have bone
marrow infiltration and up to 25% may have circulating
phase, represented by mild or moderate lymphocytosis.
Presence of B symptoms and high levels of lactic dehydro-
genase (LDH) are uncommon [4]. Presence of paraprotei-
nemia, usually IgM kappa and autoimmune phenomena
occur in up to one third of patients [5].

SMZL arises from marginal zone memory B-cells and
probably has a post-germinal origin [6]. Chronic anti-
genic stimulation of B-cell receptor initially induces
polyclonal and later monoclonal B lymphocyte expan-
sion, leading to malignant transformation [6]. In up to
36% of cases, this stimulus is represented by chronic
hepatitis C virus infection [7]. Molecularly, SMZL is
characterized by dysregulation of nuclear factor kappa-B
and mutations affecting the NOTCH, KLF2 (Kruppel like
factor 2) and PTPRD (receptor-type protein tyrosine
phosphatase delta) pathways [8].

Considered as an indolent and incurable disease, its
treatment is only recommended in symptomatic cases,
represented by massive visceromegaly, severe cytopenias,
presence of constitutional symptoms or autoimmune
phenomena unresponsive to steroids [9]. Therapeutic
options for SMZL include splenectomy, monotherapy
with anti-CD20 monoclonal antibody or combination
therapy, including rituximab and classic chemotherapeu-
tic agents [10, 11]. In the last ten years, several studies
have shown superiority of rituximab therapy, either
alone or in combination [12-14], but, in resource-poor
countries rituximab is not a drug of universal access,
making splenectomy still widely used in these particular
settings.

The majority of SMZL patients have a disease with fa-
vorable prognosis, with a median overall survival (OS)

exceeding 10 years, despite the use of specific treatment
[15, 16]. However, SMZL prognosis is heterogeneous,
and about 20%-30% of the cases show a more aggressive
clinical course with a median OS of only 4 years. Histo-
logical transformation to high grade B-cell lymphoma
may occur in 10%-15% of cases as part of the natural
history of this tumor [15, 17]. Thus, the identification of
patients with unfavorable outcome becomes necessary
for better risk stratification and selection of appropriate
therapy.

Clinical and laboratory factors with prognostic impact
to guide therapy have been described by different
American and European groups using different prognos-
tic scores [15, 18]. Arcaini et al. created a score capable
of predicting SMZL prognosis, using a combination of
hemoglobin < 120 g/L, elevated LDH and albumin < 3.5
g/dL [18]. A study conducted by the Splenic Marginal
Zone Lymphoma Working Group (SMZL-WG), involving
593 patients from different centers, identified Hb < 95 g/
L, platelets < 80 x 10°/L, elevated LDH and the presence
of extra-hilar lymphadenopathy as variables associated
with adverse prognosis, representing another widely used
prognostic score in clinical practice [15].

In Latin America, particularly in Brazil, there is scarce
information regarding SMZL epidemiological data, as
well as evolution and prognostic factors that influence
survival of these population. The Brazilian national pub-
lic health system offers limited options to treat these pa-
tients. For the most part, anti-CD20 antibodies such as
rituximab are not available in public services for SMZL
patients. In this context, often the first therapeutic op-
tion is splenectomy. Although still a good option for pa-
tients with low surgical risk, in elderly patients or in
patients with severe comorbidities, splenectomy may be
associated with a high risk of morbidity and mortality. In
SMZL patients with more aggressive disease, the new
treatment progression-free interval can be quite short
when using splenectomy. In these scenarios, rituximab
therapy may be applied with greater clinical benefit.

In this study, we aimed to report the clinical-
laboratory and epidemiological findings of 39 Brazilian
patients with SMZL followed at a single referral center
for cancer treatment, as well as to determine factors re-
lated to adverse prognosis and to propose a rational
risk-adjusted therapeutic strategy, considering scenarios
where access to monoclonal antibody therapy is limited.
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Methods

Design of study

This is a unicentric, retrospective and observational
study conducted at Instituto do Céncer do Estado de
Sdo Paulo (ICESP) and Hospital das Clinicas da Facul-
dade de Medicina de Sdo Paulo (HC-FMUSP), Brazil.
The study was approved by the local Ethics Committee
in April 2018 and all clinical, laboratory and epidemio-
logical data were extracted from this institution's non-
Hodgkin's Lymphoma Group Database and electronic
medical records. All participants signed an Informed
Consent Form, agreeing to participate in this study.

Study participants

This study included 39 patients with a confirmed diagnosis
of SMZL who were followed at our service from January
1992 to December 2016. Patients with mucosal-associated
lymphoid tissue extranodal marginal zone lymphoma
(MALT) or nodal marginal zone lymphoma (NMZL) with
spleen involvement were excluded (overlapping presenta-
tions MALT/SMZL and SMZL/NMZL) from analysis.

Clinical and laboratory characteristics assessed at the time
of diagnosis and extracted from medical records included:
age, gender, staging of Ann Arbor/Cotswolds, B-symptoms,
bulky mass, bone marrow infiltration, extranodal involve-
ment sites, performance status by Eastern Cooperative On-
cology Group (ECOG), transformation to high-grade B-cell
NHL, Beta2- microglobulin (B2MG), lactic dehydrogenase
(LDH), serum albumin, hemoglobin, leukocytes, lympho-
cytes, platelet count, HIV, hepatitis B and C serology, pres-
ence of monoclonal peak in electrophoresis of serum
proteins, leukemization, presence of villous lymphocytes on
cytomorphology of peripheral blood smear, presence of
paraneoplastic autoimmune phenomena (autoimmune
hemolytic anemia, autoimmune thrombocytopenia, reactive
arthritis and leukocytoclastic vasculitis), Arcaini score and
SMZL Working Group score.

Date of diagnosis, remission, relapse, beginning and end
of primary therapy, date of death, cause of death, date of
last outpatient evaluation, and type of response achieved
after first-line treatment were also computed. Based on
this survey we were able to predict the primary outcomes
overall survival (OS) and progression-free survival (PES).

All patients were staged with neck, chest, abdomen
and pelvic tomography, as well as unilateral bone mar-
row biopsy with immunohistochemical (IHC) study. Pa-
tients with lymphocytosis had complementary evaluation
with cytomorphological analysis of lymphocytes in per-
ipheral blood smear (Leishman staining) and immuno-
phenotyping by flow cytometry.

Diagnostic criteria
For diagnostic characterization of SMZL cases we used
the criteria of the 2016 World Health Organization
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Classification (WHO/2016) [2]. The gold standard for
diagnosis was based on spleen histology, when splenec-
tomy was performed. Splenic involvement by this lymph-
oma was considered as infiltration of splenic white pulp
by small to medium sized atypical lymphoid cells, with
predominantly nodular architectural pattern with mature
B-lymphoid immunophenotype determined by IHC study
[2, 19].

For patients not submitted to splenectomy the diagno-
sis was based on the association of clinical and labora-
tory characteristics, including: (1) - characteristic clinical
picture, marked by large splenomegaly and minimal
lymphadenopathy, usually restricted to the hepatic and
splenic hilum, (2) - morphology and peripheral blood
immunophenotype, with hematoscopy demonstrating
proliferation of small and mature lymphoid cells with
thin polar disposition villi, associated with mature and
clonal lymphoid B-cell immunophenotype, determined
by immunophenotiping using flow cytometry , and (3) -
histological analysis of bone marrow, showing intrasinu-
soidal infiltration pattern by mature B lymphoid cells.

Treatment, response assessment and follow-up
Asymptomatic patients with SMZL were conducted under
clinical observation (“watchful & waiting approach”). Cri-
teria to indicate specific treatment included: presence of
constitutional symptoms (fever, weight loss and night
sweats), large or symptomatic splenomegaly, cytopenias
such as Hb < 100 g/L, neutrophils < 1.0 x 10°/L and plate-
lets < 100 x 10°/L and autoimmune manifestations (ITP
or AIHA) not responsive to corticosteroids.

Symptomatic SMZL patients received specific treat-
ment and were grouped as follows: (1) - undergoing
splenectomy, (2) - undergoing exclusive immunother-
apy, comprising administration of the anti-CD20
monoclonal antibody rituximab on a schedule of 375
mg/m?* IV once a week, for 4 consecutive weeks (D1,
D8, D15 and D22) and (3) - undergoing conventional
chemotherapy, including the schemes: chlorambucil
10 mg/m* PO D1 to D6 30/30 days, CVP (cyclophos-
phamide 750 mg/m* IV DI , vincristine 1.4 mg/m>
[Max 2.0 mg] IV D1 and prednisone 100 mg PO D1-
D5 21/21 days) or fludarabine monotherapy 40 mg/
m? PO D1-D5 30/30 days.

Response to the employed therapy was accessed based
on the 2014 Lugano Response Criteria [20], based on
clinical laboratory, tomographic and histopathological
criteria (bone marrow reevaluation in patients with bone
marrow infiltration at the time of diagnosis). At the end
of treatment, patients were monitored with clinical and
laboratory examination every 3 months in the first year,
every 4 months in the second year, and every 6 months
after the third year.
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Statistical analysis

The univariate analysis to assess the association among
categorical variables was performed using Mantel-
Haenszel chi-square test. A Cox univariate analysis was
performed to estimate the association between categor-
ical variables and survival curves, and thus determine
the factors with prognostic implication. The log-rank
test was used to compare survival curves and to verify
the association between categorical variables and survival
curves.

Overall survival (OS) and progression-free survival
(PES) curves were estimated by the Kaplan-Meier
method. OS was measured from the date of diagnosis to
the date of death from any cause and was censored at
the date of the last follow-up. PFS was assessed from the
date of the diagnosis to the date of progression, death
from any cause, or the last follow-up.

The determination of cutoff points for hemoglobin
and platelet counts were based on current literature (Hb
100 g/L and platelets 100 x 10°/L). LDH, B2-
microglobulin and albumin values were based on the
higher normality value of the commercial kits for these
tests used in the laboratory routine of our hospital (480
U/L for LDH, 1.7 mg/dL for B2MG and 3.5 g/dL for al-
bumin). Cutoff points for leukocyte and lymphocyte
counts were based on the determination of the median
for respective variables (6.1 x 10°/L for leukocytes and
2.7 x 10°/L for lymphocytes). Statistical analysis was per-
formed using the software STATA 12.0 and a value of p
< 0.05 was considered statistically significant.

Results

Clinical-laboratory and epidemiological characteristics

A total of 42 patients with splenic lymphoma were ini-
tially identified. After reviewing medical records 3/42
(7.1%) were excluded because they presented overlap-
ping characteristics with nodal marginal zone lymphoma
(SMZL/NMZL). Table 1 lists the characteristics of the
39 SMZL patients included in the analysis. The median
age was 63 years (range 28 - 76 years) and 71.8% (28/39)
were female.

Most patients had advanced stage (Ann Arbor/Cots-
wolds IV) and 58.9% (23/39) had good performance sta-
tus (ECOG 0 or 1). Extra-splenic involvement was
observed in 87.2% (34/39), especially bone marrow in-
volvement in 76.9% (30/39) and peripheral blood in
43.5% (17/39). Among patients with circulating phase,
47% of these (8/17) had small villous lymphocytes in the
morphology of the peripheral blood smear. B-symptoms
were observed in 56.4% of cases (22/39).

High-grade B-cell NHL transformation occurred in
10.2% (4/39). Serology for C hepatitis was positive in
5.1% (2/39) and for B hepatitis in 10.2% (4/39). Mono-
clonal protein was observed in 17.9% (7/39) and
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Table 1 Clinical-laboratory and epidemiological characteristics
of 39 SMZL patients

Characteristics Value
Age (years) 63 (28-76)
Gender

Female 28 (71.8%)

Male 11 (28.2%)
Ann Arbor stage

I 05 (12.8%)

v 34 (87.1%)
ECOG

O0al 23 (58.9%)

2a4 16 (41.0%)
Extra-splenic involvement 34 (87.1%)
B symptoms 22 (56.4%)
Bone marrow involvement 30 (76.9%)
Peripheral blood involvement 17 (43.5%)
Transformation to high grade NHL 04 (10.2%)
Auto-immune manifestations 11 (28.2%)
Hepatitis B virus positive 04 (10.2%)
Hepatitis C virus positive 02 (5.1%)
Monoclonal paraprotein 07 (17.9%)
Primary treatment

Rituximab monotherapy 08 (20.5%)

Splenectomy 21 (53.8%)

Chemotherapy 09 (23.0%)

Watchful & waiting 01 (2.5%)

Hemoglobin (g/L)
Leukocytes (x 10%/L)

109 (range 62-160)

6.1 (range 0.5-24.4)
2.7 (range 04-22.3)
118 (range 4-455)
4385 (range 135-1276)
4.1 (range 1.7-4.9)

3.8 (range 1.5-25.0)

Lymphocytes (x 10°/L)
Platelets (x 10%/L)

LDH (U/L)

Albumin (g/dL)

B2 microglobulin (mg/dL)

paraneoplastic phenomena of immune nature occurred
in 28.2% of the cases (11/39), especially autoimmune
hemolytic anemia and autoimmune thrombocytopenia.

Regarding the laboratory parameters, the medians
values were: Hemoglobin (g/L) 109 (range: 62 - 160);
leukocytes (x 10°/L) 6.1 (range: 0.4 - 24.4); lymphocytes
(x 10°/L) 2.7 (range: 0.4 - 22.3); platelets (x 10°/L) 118
(range: 4-455); LDH (U/L) 438.5 (range: 135-1276);
B2MG (mg/dL) 3.8 (range: 1.5 - 25.0) and albumin (g/
dL) 4.1 (range: 1.7 - 4.9) (Table 1).

The decision of exclusive observation (W&W ap-
proach) was taken in only 2.5% (1/39) of SMZL patients.
As part of the initial treatment 20.5% (8/39) received
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immunotherapy alone, with antiCD20 monoclonal anti-
body rituximab weekly, for 4 consecutive weeks. Splen-
ectomy was the primary treatment in 53.8% (21/39),
while 23.0% (9/39) were initially treated with conven-
tional single-drug or combination chemotherapy (chlor-
ambucil, CVP or fludarabine regimens). The Table 2
summarizes the main clinical, laboratory and epidemio-
logical baseline characteristics stratified by therapeutic
intervention group: Group A - splenectomy (N=21),
Group B - rituximab monotherapy (N=08) and Group C
— low-intensity mono or polychemotherapy (N=09).

Second-line treatment for relapsed/refractory (R/R)
disease was used in 28.2% (11/39) of cases. Among these
11 cases all had recurrent disease, that is, none of them
behaved as a primary refractory disease to the initially
employed therapeutic modality. The median time be-
tween the end of the first therapeutic line and initiation
of second line treatment was 23 months (range 7.3 - 187
months). Two cases (2/11 - 18.2%) which received
monotherapy with rituximab in the first line had late
disease progression (> 12 months) and underwent splen-
ectomy. They reached a partial response and after a
short period of time they died due to disease
progression.

Six patients (6/11-54.6%) initially splenectomized pro-
gressed the disease symptomatically, being treated with
rituximab monotherapy as rescue, five of whom (5/6-
83.4%) presented sustained CR and one (1/6-16.6%) PR
with rapid disease progression, culminating in death at-
tributable to lymphoma. Three patients (3/11 - 27.3%)
who initially received first-line therapy with low-
intensity cytotoxic chemotherapy (CVP protocol — cyclo-
phosphamide, vincristine and prednisone), progressed
rapidly (< 12 months) after this treatment, but were
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adequately rescued with rituximab monotherapy, reach-
ing sustained CR until this moment.

Survival outcomes

At median follow-up of 8.7 years (0.6 — 20.2 years), the
median OS was not reached yet and it was 7.4 years for
PFS. The estimated 5-year OS was 76.9% (Figure 1) and
63.7% for PFS (Figure 2). There was no statistically sig-
nificant difference for OS and PFS between the three
treatment groups, as summarized in Table 3.

Eight patients died at last follow up, and at 10-years
the cumulative incidence of mortality was 20.5% (8/39);
disease progression was the main cause of death in 6 out
of 8 patients (75%) (6/8), one patient died of infection
complications (12.5%) (1/8) and another of cardiovascu-
lar complication (12.5%) (1/8).

Determination of prognostic factors
To estimate prognosis we applied the Arcaini and SMZL
Working Group (SMZL WGQG) scores on the population
studied. By the Arcaini score, including Hb < 120 g/L,
LDH > NSV and albumin < 3.5 g/dL variables, 17.9% (7/
39) patients were classified in low risk (0 factor), 41.0%
(16/39) as intermediate risk (1 factor) and 41.0% (16/39)
in high risk (= 2 factors). When SMZL-WG was used,
12.8% (5/39) were stratified into low-risk (0 factors),
66.6% (26/39) in intermediate risk (1 or 2 factors) and
20.5% (8/39) in high-risk (3 or 4 factors). This score in-
cluded the variables Hb < 95 g/L, platelets < 80 x 10°/L,
LDH > NSV and lymph node involvement outside of the
splenic hilly.

In univariate analysis, the prognostic factors associated
with worse 5-year OS were: LDH > 480 U/L (HR: 4.55,
95% CI 1.05-19.70, p=0.043), serum albumin < 3.5 g/dL

Table 2 Comparison of clinical and laboratory characteristics of SMZL patients stratified by type of primary treatment

Variable Grup A Grup B Grup C p-value
Splenectomy (N=21) Rituximab (N=8) Chemotherapy (N=9)

Age (median, range) 61 (41-76) 54 (33-71) 65 (28-76) 0.194
B2-microglobulin (median) 295 mg/dl 4.15 mgydl 4.75 mg/dl 0.048
LDH (median) 388 U/L 452 U/L 535 U/L 0.050
Albumin (median) 4.20 g/dl 3.65 g/dl 3.80 g/dl 0.005
Hemoglobin (median) 110 g/L 91 g/L 100 g/L 0.340
Platelets (median) 118 x 10°/L 115 x 10°/L 112 x 10%L 0213
Comorbities = 2 143 % 100 % 444 % 0.00024
ECOG 2 2 9.5 % 75 % 555 % 0.050
Arcaine int/high-risk 333 % 62.5 % 44.4 % 0.116
SMZL-WG int/high-risk 762 % 100 % 100 % 0.030

B2-microglobulin: A x B p=0.047, A x C p=0.038, B x C p=0.274
LDH: A x B p=0.050, A x C p=0.023, B x C p=0.170

Albumin: A x B p= 0.030, A x C p=0.048, B x C p=0.176
Comorbities: A x B p=0.0001, A x C p=0.025, B x C p=0.00034
ECOG: A x B p=0.002, A x C p= 0.037, B x C p=0.164
SMZL/WG: A x B p=0.023, A x C p=0.023, B x C p=0.547
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(HR: 7.32, 95% CI 1.46-36.32, p=0.015), platelets < 100 x
10°/L  (HR: 7.32, 95% CI 226-60.54, p=0.003),
hemoglobin < 100 g/L (HR: 4.27, 95% CI 1.01-17.99, p=
0.048), high-risk Arcaini score (HR: 14.26, 95% CI 1.65-
123.20, p=0.002) and SMZL-WG high-risk score (HR:
6.66, 95% CI 1.48-30.05, p=0.004). Furthermore, the clin-
ical stage IV (p=0.731), bone marrow involvement (p=
0.548), elevated Beta2- microglobulin (0.375), leukocytes
> 6.1 x 10°/L (p=0.432), lymphocytes > 2.7 x 10°/L (p=
0.237) and ECOG = 2 (p=0.136) were not related to poor
OS. Figure 3 shows OS curves according to variables
that were statistically significant.

Similarly, LDH > 480 U/L (HR: 4.47, 95% CI 1.42-
13.73, p=0.005), albumin < 3.5 g/dL (HR: 3.39, 95% CI
1.07-10.72, p=0.007), hemoglobin < 100 g/L (HR: 2.80,
95% CI 0.95-8.10, p=0.048), platelets < 100 x 10°/L (2.78,
95% CI 0.95-8.02, p=0.050), high risk Arcaini score (HR:
7.32, 95% CI 1.96-27.34, p=0.0007), and high-risk
SMZL-WG score (HR: 7.29, 95% CI 2.25-23.56, p=0.001)
were associated with worse 5-year PFS. The clinical stage
IV (p=0.386), bone marrow involvement (p=0.945), ele-
vated Beta2-microglobulin (p=0.321), leukocytes > 6.1 x
10°/L (p=0.657), lymphocytes > 2.7 x 10°/L (p=0.549)
and ECOG = 2 (p=0.945) were also not associated with

poor PES. Figure 4 shows PFS curves according to vari-
ables that were statistically significant.

Discussion

Splenic marginal zone lymphoma (SMZL) is a rare B-
cell lymphoid malignancy, representing 2% of all non-
Hodgkin's lymphomas and 80% of all primary spleen
neoplasms [2]. The natural history and clinical-biological
characteristics of this disorder are known from case
series reports from some European and North American
centers [15, 16, 18]. Here, we had the opportunity to de-
scribe the characteristics of this tumor in a population
derived from a high degree of miscegenation, from a dif-
ferent geographical area, and that may have distinct bio-
logical findings. To our knowledge, this is the larger
cohort of Latin American SMZL patients reported in the
medical literature.

In our cohort, we found a predominance of SMZL in
females, with a 3:1 distribution ratio [15, 18], contrarily
to what has been observed in series of patients reported
from developed countries. Although we believe that
women are more careful about their own health and
seek medical help earlier than men, particularly in un-
favorable socio-economic conditions, we cannot ignore
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these findings. In agreement with our study, Xing et al.
reported 107 cases of SMZL treated at the British
Columbia Cancer Agency (BCCA), also observing a pre-
dominance of this cancer in women, with a distribution
ratio of 1.5: 1.0 [16].

B-symptoms and higher rates of involvement of extra-
lymphonodal sites, particularly bone marrow and periph-
eral blood, were more frequent in our cohort. We
believe that these findings may be explained by the in-
creased difficulty in accessing tertiary health services and
referral cancer centers in Brazil, as well as in other de-
veloping countries. This may justify the larger tumor
mass and incidence of B symptoms attributed to disease
diagnosed in later stages.

Table 3 Median OS and PFS for 39 SMZL patients separated by
treatment modality

Treatment Median OS (Cl 95%)
5.9 year (3.8-7.9)
13.9 year (84-194)
13.5 year (5.8-21.2)

0.565

Median PFS (CI 95%)
6.0 year (4.3-7.7)
10.9 year (5.7-16.2)
15.1 year (10.3-19.9)
0.530

Rituximab
Splenectomy
Chemotherapy

p-value

In our series, we found a rate of 10.2% (04/39) for
high-grade B-cell NHL histological transformation, simi-
lar to that observed in the BCCA (15/107 - 14%) and
Sylvester Comprehensive Cancer Center of Miami co-
horts (34/453 - 7.5%) [16, 17]. In the Brazilian cohort all
cases of transformation were documented by biopsy.
Due to our limited sample (N = 39) we could not access
predictors of transformation, but we noted the unfavor-
able outcome associated with this phenomenon, as all
patients with transformed disease died in our cohort.
Alderuccio et al., analyzing 453 patients with marginal
zone lymphoma (MALT, nodal and splenic), identified
failure to achieve CR after initial treatment, elevation of
lactic dehydrogenase and more than 4 nodal sites in-
volved at the time of diagnosis as predictors of increased
risk of MZL transformation [17]. Overall, prognosis after
transformation is quite narrow, with 5-year OS of 0% in
our Brazilian patients, 33% in BCCA and 43% in the
North-American group [16, 17].

The etiological association between SMZL and chronic
infection for hepatitis C virus is commonly related in
Southern Europe, and the development of lymphoma
under these conditions appears to be associated with ac-
tivation of CD81 in B-cells by chronic stimulation of the
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virus E2 glycoprotein [21, 22]. According to some re-
ports, up to 30% of SMZL patients may have chronic
hepatitis C [7, 21, 22]. These cases may initially be
treated with HCV-guided therapy, such as interferon
alpha and ribavirin or a combination of new antiviral
agents, and many cases may have remission of lymph-
oma with such therapies. In our series, 5.1% (2/39) of
SMZL patients had positive serology for hepatitis C, but
surprisingly 10.2% (4/39) had chronic hepatitis B infec-
tion. Recently, some studies have shown coexistence be-
tween chronic hepatitis B virus infection and splenic
lymphomas, particularly SMZL, suggesting a new etio-
logical association for this neoplasm. Similar to that ob-
served in HCV positive cases, treatment for HBV with
antiviral agents is capable of inducing neoplasm remis-
sion [23-26].

SMZL is usually an indolent and chronic disease, with a
median overall survival exceeding 10 years [2, 15, 16, 18].
In this study, we showed quite prolonged OS and PES (5-
year OS 76.9% and 5-year PFS 63.7%), estimated over

several years, similar to what is reported in the literature.
However, 20%-30% of SMZL patients are characterized by
greater biological aggressiveness, with shortened OS (me-
dian 4 years) and greater propensity for histopathological
transformation to high grade B-cell lymphoma [15].
Therefore, identifying this subgroup of ominous outcome
is essential to choose the best treatment options, particu-
larly in resource-poor settings where the best therapy is
not always universally accessible.

To this end, different international collaborative
groups analyzed their own series of SMZL patients,
seeking to identify factors associated with unfavorable
prognosis, as well as to elaborate prognostic scores
for outcome prediction and implementation of risk-
adapted therapies. In 2006, Arcaini et al. analyzed 309
SMZL patients and identified 3 laboratory variables
that directly impacted OS and PFES, with Hb < 120 g/
L, LDH > UNV and albumin < 3.5 g/dl, and through
a simple scoring system created a mortality predictor
prognostic score [18].
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Following the same principles, in 2012 a multicenter
study involving 593 SMZL patients from different inter-
national cancer centers, known as the Splenic Marginal
Zone Lymphoma Working Group (SMZL-WG), deter-
mined the unfavorable predictor value of Hb < 95 g/L,
platelets < 80 x 10°/L, LDH > UNV and presence of
extra hilum-splenic lymphadenopathy for symptomatic
progression-free survival at 5 years. The SMZL-WG
score was thus created, stratifying patients at low-risk,
intermediate-risk and high-risk, with 5-year PES of 95%,
87% and 68%, respectively [15].

Although this is the largest Latin-America single-
center cohort of SMZL patients published to date, our
study had only 39 cases, which imposes some restric-
tions on the interpretation of our findings. However, we
were able to statistically determine variables associated
with worse OS and PFS at 5 years, and we could validate
the use of Arcaini and SMZL-Working Group scores in
our population. Prognostic factors in the Brazilian series

involved Hb < 100 g/L, platelets < 100 x 10°/L, LDH >
UNV and albumin < 3.5 g/dL. These laboratory prognos-
tic factors were similar to those described in the medical
literature, but we could not create a prognostic score
using such variables due to the limited N of our study.

The therapeutic approach of SMZL has shown sub-
stantial progress in the last 15 years. As with other indo-
lent lymphomas, asymptomatic patients do not benefit
from early treatment and should only be observed with a
“watchful & waiting” approach [9, 19]. However, treat-
ment should be introduced in the presence of B symp-
toms, massive or symptomatic splenomegaly, cytopenias
secondary to hypersplenism or bone marrow lymphoma-
tous infiltration, or unresponsive-corticosteroid immune
manifestations [9, 19].

Until 2005, splenectomy was considered the first-line
therapy for SMZL (“gold-standard”). Although it is an
effective therapy, with an overall response rate (ORR) of
almost 90% and PFS of more than 50% in 5 years, the
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morbidity and mortality associated with the surgical pro-
cedure are not negligible, affecting about 5% of patients
[27-29]. After splenectomy, splenomegaly-related symp-
toms resolve and cytopenias improve. Furthermore,
histological analysis of the spleen will allow the diagnosis
of SMZL to be confirmed. However, it should be empha-
sized that this therapeutic strategy is not curative and
that most patients will achieve only partial response,
with persistent bone marrow and peripheral blood lym-
phomatous infiltration, even if a significant reduction in
lymphocytosis was observed [28].

Among chemotherapy options, different studies have
shown that alkylating agents alone, such as chlorambu-
cil, cyclophosphamide or in combination (CVP, CHOP)
are associated with low response rates and high toxicity,
considering the indolent behavior of the disease. On the
other hand, purine analogs, particularly fludarabine, are
associated with higher overall response rates (100%) and
complete response (70%) [30-32].

After 2005, incorporation of the anti-CD20 monoclonal
antibody (rituximab) changed the therapeutic paradigm of
SMZL patients. The weekly regimen of rituximab mono-
therapy at a dose of 375 mg/m> for 4 to 6 consecutive
weeks is associated with minimal toxicity and OS and PFS
ranging from 89%-100% and 73%-98%, respectively [12,
13, 33]. In addition, rituximab is also effective for auto-
immune disorders such as AIHA and immune
thrombocytopenia, found in up to 15-20% cases of SMZL.

Although large prospective and randomized studies
comparing rituximab monotherapy versus splenectomy
are still lacking, the Greek group, retrospectively, com-
pared rituximab monotherapy versus splenectomy in a
historical cohort and found 5-year OS and PFS of 94%
vs 77% (p = 0.09) and 72% vs 58% (p = 0.09) for rituxi-
mab [13]. In 2018, the same group published an update
of their data (n = 108), confirming the high efficacy of ri-
tuximab monotherapy, its role as a splenectomy-sparing
therapeutic strategy and the potential benefit of main-
tenance treatment with immunotherapy. In this study,
responses to rituximab were long lasting, with 10-year
PES exceeding 60%, with minimal toxicity, and mainten-
ance therapy improved response quality and was associ-
ated with better PFS [14].

Another strategy associated with a high success rate in
the treatment of SMZL is a chemo-immunotherapy ap-
proach with bendamustine/rituximab (BR) regimen. Ac-
cording to recent studies, this association provides high
overall and complete response rates (91% and 73%, re-
spectively), with manageable toxicity and unquestionable
benefit, particularly in SMZL patients with intermediate
and high-risk scores [34, 35]. Faced with the unquestion-
able benefits of rituximab monodrug or BR combination
chemoimmunotherapy, some authors propose that
splenectomy may be abandoned in the up-front
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management of SMZL [36]. We believe that splenec-
tomy still plays an important therapeutic role in the
management of SMZL, particularly in patients not re-
sponsive to immunotherapy or chemotherapy and as up-
front modality in those with confined spleen disease, in
which this is a diagnostic and therapeutic procedure that
occurs in about 15%-20% of SMZL patients.

Our cohort comprised SMZL patients treated at our
service for about 25 years, therefore, the therapeutic
strategies used were quite heterogeneous, including
chemotherapy (single or combined), splenectomy and ri-
tuximab immunotherapy. In our series, none of these
therapeutic approaches showed statistically significant
superiority in terms of OS or PFS, but it should be noted
that in a context of poor-resource settings, such as in
the Brazilian public health system, rituximab has been
reserved for cases with known worse prognosis, such as
elderly patients or those with high surgical risk and ad-
verse prognostic factors. In addition, our study has re-
strictions regarding the small casuistic and short
segment time of patients receiving immunotherapy (in-
corporated in our institution for reserved cases of SMZL
starting in 2008).

As demonstrated by the data in Table 2, some baseline
characteristics differ in statistical significance form (p < 0.05)
between the three primary treatment groups. In general,
these differences are strongly expressed between splenecto-
mized (N=21) and non-splenectomized (N=17, rituximab or
low-intensity cytotoxic chemotherapy) patients.

Patients undergoing splenectomy had lower levels of
tumor markers (B2-microglobulin and LDH), thus infer-
ring a smaller tumor mass than patients treated with ri-
tuximab or cytotoxic chemotherapy. In addition,
surgically treated patients had better general clinical
conditions than the non-splenectomized group, reflected
by higher levels of serum albumin, lower rate of clinical
comorbidities and better performance status according
to the Eastern Cooperative Oncology Group (ECOG)
scale. Finally, the group undergoing splenectomy had a
lower proportion of patients classified as intermediate or
high-risk by the prognostic index of the SMZL-Working
Group compared to patients treated with medications.

Thus, we noticed that SMZL patients who received
immunotherapy had worse general clinical conditions,
and laboratory characteristics were consistently associ-
ated with a poor prognosis, which led us to infer that
this is one of the reasons why we did not find a concrete
benefit in terms of OS and PFS of the rituximab group
versus splenectomy group in our cohort.

Conclusion

In conclusion, based on the risk factors identified in our
real-life study and according to the latest evidence avail-
able in the literature for SMZL therapy, we propose that
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Table 4 Risk-adapted approach for treatment of SMZL patients in resource-poor settings

Clinical condition

Suggested approach

1 — Asymptomatic SMZL
2 - Symptomatic SMZL
2.1. With hepatitis C co-infection

2.2. Age < 65 years, no-comorbidities and low-risk (Hb > 100 g/L, > 100 x 10%/L platelets, LDH < 480

U/L and albumin > 3.5 g/dL)?

2.3. Age > 65 years, comorbidities or high-risk (Hb < 100 g/L, < 100 x 10%/L platelets, LDH > 480 U/L

and albumin < 3.5 g/dL)?
3 — Relapsed/Refractory SMZL
3.1. Not exposed to rituximab

3.2. Exposed to rituximab

4 - High-grade B-cell NHL transformation

“Watchful & waiting”

2.1. Interpheron alpha and ribavirin, or new
antiviral drugs

2.2. Splenectomy

2.3. Rituximab weekly for 4 weeks

3.1. Rituximab weekly for 4 weeks

3.2. Splenectomy (if not done) or fludarabine
(4 to 6 cycles)

4. 6 to 8 cycles of R-CHOP +/- autologous
scT?

presence of any adverse factors
Beonsider auto-SCT particularly after previous exposition to rituximab

in resource-poor settings, where access to rituximab
therapy is not universal, as is the case in the Brazilian
public health system, a risk-adapted therapeutic ap-
proach should be employed in the management of
SMZL patients (Table 4). Thus, rituximab may be re-
served for first-line therapy in elderly patients, in those
with high operative risk or who have one or more of the
following factors: Hb < 100 g/L, < 100 x 10°/L platelets,
LDH > UNV, albumin < 3.5 g/dL or high-risk Arcaini
and SMZL-WG scores. Patients who do not present
these factors can be satisfactorily approached with splen-
ectomy, when therapy is indicated.

Abbreviations

SMZL: Splenic marginal zone lymphoma; NHL: Non-Hodgkin lymphoma;

OS: Overall survival; PFS: Progression-free survival; SMZL-WG: Splenic marginal
zone lymphoma working group; Hb: Hemoglobin; LDH: Lactate
dehydrogenase; MALT: Mucosa associated lymphoid tissue; NMZL: Nodal
marginal zone lymphoma; ECOG: Eastern Cooperative Oncology Group;
B2mg: Beta2- microglobulin; WHO: World Health Organization; ITP: Immune
thrombocytopenic purpura; AIHA: Autoimmune hemolytic anemia;

CVP: Cyclophosphamide, vincristine and prednisone; W&W: Watchful &
waiting; R/R: Relapsed/refractory disease; NSV: Normal superior value;

HR: Hazard ratio; Cl: Confidence interval; BCCA: British Columbia Cancer
Agency; CR: Complete response; HCV: Hepatitis C virus; HBV: Hepatitis B virus;
UNV: Upper normal value; CHOP: Cyclophosphamide, doxorubicin, vincristine
and prednisone; BR: Bendamustine and rituximab

Acknowledgements
Not Applicable

Authors’ contributions

Conceptualization: LAPCL; Data curation: FFCS; Funding acquisition: JP, VR;
Investigation: FFCS; Methodology: LAPCL, JP, DL, FRM; Project administration:
JP, VR; Validation & Supervision: JP; Writing (original draft): LAPCL, ROC, SCFC;
Writing (review & editing): LAPCL, HFC, JP. All authors have read and
approved the manuscript.

Funding
No funding was received

Availability of data and materials

All data generated and analysed during this study are included in this
published article. The raw data that generated the results presented in this
paper are part of the Database of the Group of Non-Hodgkin's Lymphomas
at the University of Sdo Paulo and can be made available upon request to
the correspondence author via e-mail.

Ethics approval and consent to participate

This study was approved by local Ethic Committee (S&o Paulo University
Ethic Committee) in April 2018. All participants signed an Informed Consent
Form, agreeing to participate in this study.

Consent for publication
Not Applicable

Competing interests
The authors declare that they have no competing interests" in this section

Author details

'Department of Hematology, Hemotherapy and Cell Therapy of Medicine
School, Laboratory of Medical Investigation in Pathogenesis and Directed
Therapy in Onco-Immuno-Hematology (LIM-31), Sao Paulo University
(FMUSP), Rua Maranhao, nimero 300, apartamento 13 - Sdo Caetano do Sul,
Sao Paulo (SP) 09541-000, Brazil. ZDepar‘[ment of Hematology, Hemotherapy
and Cell Therapy of Medicine School, Sao Paulo University (FMUSP), Sao
Paulo, Brazil. *Department of Hematology, Hemotherapy and Cell Therapy of
Medicine School, Laboratory of Medical Investigation 19 (LIM-19), Sao Paulo
University (FMUSP), Sdo Paulo, Brazil. “Statistical, Department of Hematology,
Hemotherapy and Cell Therapy of Medicine School, Sao Paulo University
(FMUSP), Sao Paulo, Brazil. *Department of Hematology and Hemotherapy,
Centro Universitério Lusiadas, Santos, Sao Paulo, Brazil. °Pré-Sangue
Foundation (Sao Paulo Blood Bank), Sao Paulo, Brazil. “Churchill Hospital,
Oxford University, Oxford, UK.

Received: 4 March 2020 Accepted: 22 July 2020
Published online: 03 August 2020

References

1. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary ML, Delsol G, de Wolf-
PeetersC FB, Gatter KC, et al. A revised European-American classification of
lymphoid neoplasms: a proposal from the International Lymphoma Study
Group. Blood. 1994;84(5):1361-92.

2. Swerdlow SH, Campo E, Pileri SA, Harrys NL, Stein H, Siebert R, Advani R,
Ghielmini M, Salles GA, Zelenetz AD, Jaffe ES. The 2016 revision of World
Health Organization classification of lymphoid neoplasms. Blood. 2016;127:
2375-90.



Padua Covas Lage et al. BMC Cancer

(2020) 20:717

Zinzani PL. The many faces of marginal zone lymphoma. Hematol Am Soc
Hematol Educ Program. 2012:426-32.

Mendes LST, Du M, Matutes E, Wotherspoon A. Splenic marginal zone
lymphoma: a review of clinical presentation, pathology, molecular biology
and management. Blood Lymphat Cancer. 2014;4:29-38.

Traverse-Glehen A, Baseggio L, Salles G, Felman P, Berger F. Splenic
marginal zone B-cell lymphoma: a distinct clinicopathological and
molecular entity. Recent advances in ontogeny and classification. Curr Opin
Oncol. 2011;23(5):441-8.

Zibellini S, Capello D, Forconi F, Marcartilli P, Rossi D, Rattotti S,
Franceschetti S, Sozzi E, Cencini E, Marasca R, Baldini L, Tucci A, Bertoni F,
Passamonti F, Orlandi E, Varettoni M, Merli M, Rizzi S, Gattei V, Tramontano
A, Paulli M, Gaidano G, Arcaini L. Stereotyped patterns of B-cell receptor in
splenic marginal zone lymphoma. Haematologica. 2010;95(10):1792-6.
Murakami H, Irisawa H, Saitoh T, Matsushima T, Tamura J, Sawamura M,
Karasawa M, Hosomura Y, Kojima M. Immunological abnormalities in splenic
marginal zone lymphoma. Am J Hematol. 1997,56(3):173-8.

Bertoni F, Rossi D, Zucca E. Recent advances in understanding the biology
of marginal zone lymphoma. F1000Res. 2018;7:1-10.

Santos TS, Tavares RS, Farias DLC. Splenic marginal zone lymphoma: a
literature review of diagnostic and therapeutic challenges. Rev Bras Hematol
Hemoter. 2017;39(2):146-54.

Thieblemont C, Felman P, Berger F, Dumontet C, Arnaud P, Hequet O, Arcache
J, Callet-Bauchu E, Salles G, Coiffer B. Treatment of splenic marginal zone B-cell
lymphoma: an analysis of 81 patients. Clin Lymphoma. 2002;3(1):41-7.

lannitto E, Tripodo C. How | diagnosis and treat splenic lymphomas. Blood.
2011;117(9):2585-95.

Else M, Marin-Niebla A, de la Cruz F, Batty P, Rios E, Dearden CE, Catovsky D,
Matutes E. Rituximab, used alone or in combination, is superior to other
treatment modalities in splenic marginal zone lymphoma. Br J Hematol.
2012;159(3):322-8.

Kalpadakis C, Pangalis GA, Angelopoulou MK, Sachanas S, Kontopidou FN,
Yakoumis X, Kokoris S, Dimitriadou EM, Dimopoulou MN, Moschogianis M,
Korkolopoulou P, Kyrtsonis MC, Siakantaris MP, Papadaki T, Tsaftaridis P,
Plata E, Papadaki HE, Vassilakoupoulos TP. Treatment of splenic marginal
zone lymphoma with rituximab monotherapy: progress report and
comparision with splenectomy. Oncologist. 2013;18(2):190-7.

Kalpadakis C, Pangalis GA, Sachanas S, Tsirkinidis P, Kontopidou FN,
Moschogiannis M, Yakioumis X, Koulieris E, Dimopoulou MN, Kokkoris SI,
Kyrtsonis MC, Siakantaris MP, Tsourouflis G, Korkoloupoulou P, Rontogianni
D, Tsaftaridis P, Plata E, Papadaki HA, Panagiotidis P, Angeloupoulou MK,
Vassilakoupoulos TP. Rituximab monotherapy in splenic marginal zone
lymphoma: prolonged responses and potential benefit from maintenance.
Blood. 2018;132(6):666-70.

Montalban C, Abraira V, Arcaini L, Domingo-Domenech E, Guisado-Vasco P,
lannitto E, Mollejo M, Matutes E, Ferrei A, Salar A, Rattotti S, Carpaneto A,
Pérez-Fernandez R, Bello JL, Herndndez M, Caballero D, Carbonell F, Piris
MA. Risk stratification for splenic marginal zone lymphoma based on
hemoglobin concentration, platelet count, high lactate dehydrogenase level
and extrahilar lymphadenopathy: development and validation on 593 cases.
Br J Hematol. 2012;159(2):164-71.

Xing KH, Kahlon A, Skinnider BF, Connors JM, Gascoyne RD, Sehn LH,
Savage KJ, Slack GW, Shenkier TN, Klasa R, Gerrie AS, Villa D. Outcomes in
splenic marginal zone lymphoma: analysis of 107 patients treated in British
Columbia. Br J Hematol. 2015;169(4):520-7.

Alderuccio JP, Zhao W, Desai A, Gallastegui N, Ramdial J, Kimble E, de La
Fuente MI, Rosenblatt JD, Chapman JR, Vega F, Reis IM, Lossos IS. Risk
factors for transformation to higher-grade lymphoma and its impacto n
survival in a large cohort of patients with marginal zone lymphoma from a
single institution. J Clin Oncol. 2018;36(34):3370-80.

Arcaini L, Lazzarino M, Colombo N, Burcheri S, Boveri E, Paulli M, Morra E,
Gambacorta M, Cortelazzo S, Tucci A, Ungari M, Ambrosetti A, Menestrina F, Orsucci
L, Novero D, Pulsoni A, Frezzatto M, Gaidano G, Vallisa D, Minardi V, Tripodo C, Callea
V, Baldini L, Merli F, Federico M, Franco V, lannitto E. Splenic marginal zone
lymphoma: a prognostic model for clinical use. Blood. 2006;107(12):4643-9.
Matutes E, Oscier D, Mantalban C, Berger F, Callet-Bauchu E, Dogan A,
Felman P, Franco V, lannitto E, Mollejo M, Papadaki T, Remstein ED, Salar A,
Solé F, Stamatapoulos K, Thieblemont C, Traverse-Glehen A, Wotherspoon
A, Coiffier B, Piris MA. Splenic marginal zone lymphomaproposal for a
revision of diagnostic, staging and therapeutic criteria. Leukemia. 2008;22(3):
485-97.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 12 of 12

Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, Lister
TA. Recommendations for initial evaluation, staging and response
assessment in Hodgkin and non-Hodgkin lymphoma: the Lugano
classification. J Clin Oncol. 2014;32(27):3059-68.

Arcaini L, Merli M, Volpetti S, Rattotti S, Gotti M, Zaja F. Indolent B-cell
lymphomas associated with HCV infection: clinical and virological features
and role of antiviral therapy. Clin Dev Immunol. 2012;2012:338185.

Tasleem S, Sood GK. Hepatites C associated B-cell non-Hodgkin lymphoma:
clinical features and role of antiviral therapy. J Clin Trans Hepatol. 2015;3(2):134-9.
Koot AW, Visscher AP, Huits RM. Remission of splenic marginal zone
lymphoma in a patient treated for hepatitis B: a case of HBV-associated
lymphoma. Acta Clin Belg. 2015;70(4):301-3.

Kerbauy MN, Fernandes CM, Bezerra ED, Lage LA, Siqueira SA, Pereira J.
Splenic diffuse red-pulp small B-cell lymphoma associated with hepatitis B
virus: a report of two cases. Sao Paulo Med J. 2016;134(4):359-65.

Xiong W, Lv R, Li H, Li Z, Wang H, Liu W, Zou D, Qiu L, Yi S. Prevalence of
hepatitis B and hepatitis C viral infections in various subtypes of B-cell non-
Hodgkin lymphomas: confirmation of the association with splenic marginal
zone lymphoma. Blood Cancer J. 2017;7(3):548.

Ababou M, Mahtat EM, Jennane S, Elmaaroufi H, Mikdame M, Doghmi K.
Splenic marginal zone lymphoma associated with hepatitis B virus infection,
remission after viral treatment, and splenectomy: a case report and review
of literature. Hematol Oncol Stem Cell Ther. 2019;51658-3876(19):30053-6.
Tsimberidou AM, Catovsky D, Schlette E, O'Brien S, Wierda WG, Kantarjian H,
Garcia-Manero G, Wen S, Do KA, Lerner S, Keating MJ. Outcomes in patients
with splenic marginal zone lymphoma and marginal zone lymphoma
treated with rituximab with or without chemotherapy or chemotherapy
alone. Cancer. 2006;107(1):125-35.

Lenglet J, Traullé C, Mounier N, Benet C, Munoz-Bongrand N, Amorin S,
Noguera ME, Traverse-Glehen A, Ffrench M, Baseggio L, Felman P, Callet-
Bauchu E, Brice P, Berger F, Salles G, Briére J, Coiffier B, Thieblemont C.
Long-term follow-up analysis of 100 patients with splenic marginal zone
lymphoma treated with splenectomy as first-line treatment. Leuk
Lymphoma. 2014;55(8):1854-60.

Pata G, Damiani E, Bartoli M, Solari S, Anastasia A, Pagani C, Tucci A, Ragni F.
Peri-operative complications and hematologic improvement after first-line
splenectomy for splenic marginal zone lymphoma. Leuk Lymphoma. 2016;
57(6):1467-70.

Lefrere F, Hermine O, Francois S, Panelatti G, Valensi F, Grosbois B, Misset JL,
Varet B, Troussard X. Lack of efficacy of 2-chlorodeoxyadenosine in the
treatment of splenic lymphoma with villous lymphocytes. Leuk Lymphoma.
2000;40(1-2):113-7.

Riccioni R, Caracciolo F, Galimberti S, Cecconi N, Petrini M. Low dose 2-CdA
Schedule activity in splenic marginal lymphoma. Hematol Oncol. 2003;21(4):
163-8.

lannitto E, Minardi V, Calvaruso G, Ammatuna E, Florena AM, Mulé A,
Tripodo C, Quintini G, Abbadessa V. Deoxycoformycin (pentostatin) in the
treatment of splenic marginal zone lymphoma (SMZL) with or without
villous lymphocytes. Eur J Haematol. 2005;75(2):130-5.

Kalpadakis C, Pangalis GA, Vassilakopoulos TP, Kyrtsonis MC, Siakantaris MP,
Kontopidou FN, Sahanas S, Tzenou T, Anagnostou D, Dimitriadou E, Yiakoumis
X, Patsouris E, Roussou P, Panayiotides P, Papadaki E, Angelopoulou MK. Non-
gastric extra nodal marginal zone lymphomas - a single center experience on
76 patients. Leuk Lymphoma. 2008:49(12):2308-15.

Castelli R, Bergamaschini L, Deliliers GL. First-line treatment with
bendamustine and rituximab, in patients with intermediate-/high-risk
splenic marginal zone lymphomas. Med Oncol. 2017;35(2):15.

lannitto E, Bellei M, Amorim S, AJM F, Marcheselli L, Cesaretti M, Haioun C,
Mancuso S, Bouabdallah K, Gressin R, Tripodo C, Traverse-Glehen A,
Baseggio L, Zupo S, Stelitano C, Castagnari B, Patti C, Alvarez |, Liberatti AM,
Merli M, Gini G, Cabras MG, Dupuis J, Tessoulin B, Perrot A, Re F, Palombi F,
Gulino A, Zucca E, Federico M, Thieblemont C. Efficacy of bendamustine
and rituximab in splenic marginal zone lymphoma: results from phase Il
BRISMA/IELSG36 study. Br J Haematol. 2018;183(5):755-65.

Kalpadakis C, Pangalis GA, Vassilakopoulous TP, Sachanas S, Angelopoulou
MK Treatment of splenic marginal zone lymphoma: should splenectomy be
abandoned? Leuk Lymphoma. 2014;55(7):1463-70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Design of study
	Study participants
	Diagnostic criteria
	Treatment, response assessment and follow-up
	Statistical analysis

	Results
	Clinical-laboratory and epidemiological characteristics
	Survival outcomes
	Determination of prognostic factors

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

