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Abstract

Marginal zone lymphoma (MZL) is an uncommon subtype of non-Hodgkin lymphoma (NHL). Combination of rituximab and
cladribine (R-2CdA) is a potential option for indolent NHL (iNHL) and mantle cell lymphoma (MCL) patients. The goal of
this multicenter retrospective study was to assess the efficacy and safety of R-2CdA in MZL to support consensus-reaching
in first-line therapy in advanced-stage patients. We searched electronic medical records databases of eight centers in China.
Between November 2014 and December 2019, 183 symptomatic advanced MZL patients (42 treated with R-2CdA and 141
with rituximab plus cyclophosphamide, adriamycin, vincristine, and prednisone [R-CHOP]) were identified. After propensity
score matching (PSM) (1:1) to adjust for clinical characteristics, 39 patients from each treatment arm were selected. The
overall response rate (ORR) (84.6% vs. 94.9%, P=0.263) and complete response rate (59.0% vs. 66.7%, P=0.487) were
comparable between two protocols. Neither progression-free survival (PFS), including the 5-year PFS (67.7% vs. 56.1%,
P=0.352), nor overall survival was improved by R-2CdA versus R-CHOP. However, R-2CdA was more tolerable than
R-CHOP in MZL patients regarding grade 3/4 hematological adverse events (odds ratio [OR] 0.565, 95% confidence interval
[CI] neutropenic fever (OR 0.795, 95% CI 0.678-0.932), and infections (OR 0.800, 95% CI 0.640-1.000). Overall, our study
demonstrated that R-2CdA is potentially as effective as but safer than R-CHOP in advanced MZL.
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Introduction [1, 2] and about 12.5% among Chinese counterparts
[3]. MZL can be subclassified into extranodal MZL of
mucosa-associated lymphoid tissue (MALT lymphoma),
splenic and nodal MZLs (SMZL, NMZL), comprising

50-70%, 20%, and 10% of MZLs, respectively [4]. MALT

Marginal zone lymphoma (MZL) is a relatively rare type
among non-Hodgkin lymphomas (NHL), accounting
for 5-8% of B-cell lymphomas in western countries
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lymphoma is more prevalent in females and has various
clinical manifestations depending on the localization of
tumor lesions. Among others, gastric MALT lymphoma
is a more common subtype accounting for about one-
third of MZLs than those in ocular adnexa, salivary
glands, lungs, thyroid, and intestines containing abundant
lymphoid tissue. MALT lymphoma can be triggered by
infectious pathogens and autoimmune disorders [4—6].
Most MALT lymphomas are localized and about 20%
are disseminated. Bone marrow involvement is rare in
this patient group but is common in NMZL patients with
peripheral lymphadenopathy. Peripheral cytopenia and
splenomegaly are indicators of SMZL.

Estimates based on the Surveillance, Epidemiology,
and End Results (SEER) database analysis reveal high
5-year survival rates of MALT lymphoma, SMZL, and
NMZL, of 88.7%, 79.7%, and 76.5%, respectively[1].
However, whether Chinese MZL patients enjoy a
long-term prognosis remains unknown. Most early-
stage (Ann Arbor stage I/II) patients can be cured by
local treatment with antibiotics (for gastric MALT
lymphoma with Helicobacter pylori (HP) infection or
SMZL with hepatitis C virus infection), radiotherapy
(for localized MALT lymphomas), or surgical resection
(for breast or thyroid MALT lymphomas and SMZL)
[7-9]. But symptomatic advanced MALT lymphomas
are currently considered incurable and often require
systemic immunochemotherapy. However, a consensus
on a first-line strategy for advanced patients has not yet
been confirmed. A combination of rituximab and other
chemotherapy agents such as chlorambucil, bendamustine,
or anthracyclines has been ascertained to be effective
and tolerable in patients with MZL [10-12]. But random
control trials for stronger evidence for advanced MZL
are urgently required and should be conducted more
efficiently given the limited number of MZL cases.

Cladribine (2CdA) is a purine nucleoside analogue
that has been used for hairy cell leukemia (HCL) and
shows high efficacy and favorable acute and long-term
toxicity [13]. Its resistance to cellular catabolism makes
it equally toxic to dividing and non-dividing cells via
diverse mechanisms, thus highly active in indolent
lymphoproliferative diseases [14]. Cladribine has been
shown to reverse immunosuppression and reduce the
number of infective episodes in low-grade lymphomas
[15, 16]. Jager et al. conducted a long-term follow-up of
a prospective phase II trial of 2CdA for gastric MALT
lymphoma (rn=26) and found that it offered excellent
tumor control with long-lasting remission of the disease
[17]. Recently, a single-center retrospective study (n=49)
with a median follow-up of 61 months confirmed the
potential of 2CdA to induce durable remissions of MALT
lymphoma [18].
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In this multicentral retrospective study, comparing rituxi-
mab plus 2CdA (R-2CdA) with rituximab plus cyclophos-
phamide, adriamycin, vincristine, and prednisone (R-CHOP)
regimen, we assessed the efficacy and safety of rituximab
plus 2CdA (R-2CdA) in Chinese patients with advanced
MZL. Propensity score matching (PSM) was utilized to
match subjects between the two regimen groups.

Materials and methods
Patients

We retrospectively researched electronic medical records
databases of eight participating lymphoma centers (one from
Qingdao, one from Haikou, and six centers from Shanghai)
in China. Between November 2014 and December 2019,
333 symptomatic MZL patients who had received systemic
chemotherapy according to GELF [19] principle as a first-
line regimen at these centers were identified. Among them,
183 patients, comprising 42 treated with R-2CdA and 141
with R-CHOP, were included. All patients enrolled were
pathologically diagnosed by board-certified hematological
pathologists from Zhongshan Hospital of Fudan University
and the Affiliated Hospital of Qingdao University based on
the 2016 World Health Organization classification criteria
for lymphoid neoplasms [20].

Clinicopathological data obtained from the eight
databases were as follows: age at diagnosis, gender,
B-symptoms, Eastern Cooperative Oncology Group
performance status (ECOG PS) scores, Ann Arbor stage,
the site of external, nodal, or bone marrow involvement,
autoimmune conditions such as the presence of
autoantibodies and a history of autoimmune disorders, and
levels of lactate dehydrogenase (LDH), f2-microglobulin
(#2MG), hemoglobin (Hb), platelet (PLT), D-dimer, CDS5,
and Kiel-67 antigen (Ki-67).

Treatment

All patients received a 28-day cycle R-2CdA regimen con-
sisting of rituximab 375 mg/m? IV day 1 and cladribine
0.1 mg/kg IV days 1-4 of each cycle. The R-CHOP regi-
men was administered every 3 weeks in a maximum of 8
courses, comprised of cyclophosphamide 750 mg/m?, doxo-
rubicin 50 mg/m?, and vincristine 1.4 mg/m? on day 1, and
prednisone 100 mg/day for 5 days of each 21-day circle.
Rituximab maintenance treatment was not given.

Efficacy and safety follow-up

Treatment response was assessed using the 2007 Revised
Response Criteria for Malignant Lymphoma after 2—4
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cycles of therapy and completion of scheduled therapy [21].
Treatment-related adverse events were counted, including
peripheral cytopenia, neutropenic fever, infection, venous
thromboembolism, organ damage, and so forth. Toxicity was
graded according to the National Cancer Institute’s Common
Toxicity Criteria for Adverse Events v5.0.

The study was conducted in accordance with the Declara-
tion of Helsinki. Oral informed consent was obtained from
all participants during outpatient or telephone interviews for
the utility of the anonymized medical data for research. The
study protocol and informed consent form were approved
by the clinical ethics committee of Zhongshan Hospital of
Fudan University, the lead site of this study.

Statistical analysis

Categorical variables related to clinical characteristics
were reported in counts and percentages, and the
continuous variables were expressed as median (range).
The primary endpoint was the overall response rate
(ORR) of patients treated with the two first-line
immunochemotherapy regimens, with ORR being defined
as the proportion of patients sent back complete response
(CR) or partial response (PR). Secondary outcomes
included progression-free survival (PFS), overall survival
(OS), and complications related to therapy, with PFS being
defined as the time from diagnosis to disease progression/
relapse or death of any cause. Overall survival (OS) was
calculated from date of diagnosis to date of death or
last follow-up. The following variables were prognostic
predictors for survival in MZL patients, including age,
gender, ECOG PS score, B-symptoms, Ann Arbor stage,
autoimmune disease (AID), anemia, thrombocytopenia,
elevated LDH, elevated f2MG, abnormal D-dimer,
bone marrow involvement, six or more areas of nodal
involvement (LN6), and extranodal involvement in two or
more organs (MMS2).

To compare the efficiency and safety between R-2CdA
and R-CHOP regimen with minimal effects of poten-
tial confounders and selection bias, we used 1:1 PSM to
match the participants of the two regimen groups, which
was performed using the nearest-neighbor method with a
caliper size of 0.05 by logistic regression analysis. All sta-
tistical analyses were performed using SPSS version 23.0.
Survival analysis was performed on PFS and OS using the
Kaplan—Meier method with the log-rank test for compari-
sons, and results were expressed as rates by year and 95%
CIs. Differences between groups were estimated with the y?
test or Fisher’s exact test as appropriate. A p-value of <0.05
indicated statistical significance. The Cox proportional haz-
ards model with a backward stepwise variable selection was
utilized for multivariate regression analysis.

Results
Clinical characteristics of MZL patients

The characteristics of 183 MZL patients treated with
R-2CdA or R-CHOP as the first-line regimen are detailed
in Table 1. The median age at diagnosis was 58 (range 28
to 80). A total of 130 (71.0%) patients were with advanced
stage and 67 (36.6%) patients were with B symptoms.
Bronchial-associated lymphoid tissue (BALT) lymphoma
was predominant (34.6%) in all cases, followed by gastric
MALT lymphoma (25.6%), NMZL (5.1%), and SMZL
(2.6%).

Prognostic outcomes before PSM

The 183 patients had a median follow-up of 51.4 months
and median PFS of 98.4 months (95% confidence interval
[CI] 1061.7 to NA), and median OS was not reached
(Fig. 1A and B). PFS was not significantly influenced
by gender, age (> 70 years old), B-symptoms, presence
of AID, thrombocytopenia (PLT < 100 x 10%/L), or CD5
expression. However, ECOG PS score of >2 points, Ann
Arbor stage ITII/TV, anemia (Hb < 120 g/mL), serum LDH
of > 245 mg/mL, serum $2-MG of > 2.8 mg/mL, D-dimer
abnormality, bone marrow involvement, more than
two sites of extranodal involvement (MMS2), more six
areas of nodal involvements (LN6), and Ki67 of >20%
were negatively associated with poor PFS. Multivariate
Cox logistic regression analysis showed that ECOG
performance, D-dimer, and LN6 were risk factors for
relapse/progression and survival in MZL. Neither PFS
nor OS was improved by chemotherapy regimen selection
(Table 2 and Fig. 1IC-H).

Clinical characteristics after PSM

After propensity score matching (PSM) (1:1) to adjust for
clinical characteristics, 39 patients from each treatment
arm were selected. There were no differences in ECOG
PS score, presentation of B symptoms, and elevated
P2MG after PSM, which were significantly discrepant
before PSM. Most patients (71.8% in the R-2CdA group
and 69.2% in the R-CHOP group) were diagnosed with
advanced MZL. 46.2% of the patients in 2 arms presented
with systemic symptoms(P=1.0) and 56.4% and 48.7%
of patients had an ECOG PS score of >2 in R-2CdA
and R-CHOP groups, respectively(P =0.496). Elevated
D-dimer was detectable in 25.6% versus 28.2% (P=0.799)
of samples from patients receiving R-2CdA and R-CHOP,
respectively (Table 1).
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Table 1 Clinical characteristics before and after PSM

Variables Before PSM After PSM

R-2CdA group R-CHOP group P-value R-2CdAC group R-CHOP group P-value

(n=42) (n=141) n=39) (n=39)

n % n % n % n %
Age 57 (range 32-77) 57.3 (range 26-80) 56 (range 32-77) 57 (range 34-76)
Age>70 6 14.3 13 9.2 0.388 5 12.8 3 7.7 0.711
Gender(female) 22 52.4 58 41.1 0.197 20 51.3 18 46.2 0.651
ECOG PS>2 25 59.5 44 31.2 0.001 22 56.4 19 48.7 0.496
B symptoms 21 50 46 32.6 0.04 18 46.2 18 46.2 1
Ann Arbor stage(I1I/IV) 31 73.8 99 70.2 0.652 28 71.8 27 69.2 0.804
AID 6 14.3 19 7.1 0.893 6 15.4 5 12.8 0.745
Anemia 10 23.8 19 13.5 0.107 9 23.1 8 20.5 0.784
Thrombocytopenia 3 7.1 7 5 0.698 3 1.7 2 5.1 1
LDH elevated 16.7 20 14.2 0.691 17.9 6 15.4 0.761
B2MG elevated 23 54.8 51 36.2 0.031 20 51.3 18 46.2 0.651
D-dimer abnormality 13 31 31 22 0.233 10 25.6 11 28.2 0.799
Bone marrow involvement 10 23.8 30 21.3 0.727 9 23.1 7 17.9 0.575
MMS2 5 11.9 22 15.6 0.553 5 12.8 3 7.7 0.711
LN6 16 38.1 54 38.3 0.98 15 38.5 10 25.6 0.225
Subtype 0.401 0.2
MALT lymphoma 37 88.1 112 79.4 34 38
NMZL 3 7.1 21 14.9 3 1
SMZL 2 4.8 8 5.7 2 0
CDS5 expression 5 11.9 13 9.2 0.547 5 12.8 4 10.3 1.0
Ki67 >20% 15 35.7 53 37.6 0.825 12 30.8 8 20.5 0.3
MALT-IPI 0.48 0.713
Low 9 214 34 24.1 9 23.1 10 25.6
Intermediate 22 524 82 58.2 20 51.3 22 56.4
High 11 26.2 25 17.7 10 25.7 7 17.9

Response and survival after PSM

The median number of immunochemotherapy cycles
received was six (range 3-8). 92.3% of patients (84.7% in
R-2CdA and 94.9% in R-CHOP, P =0.675) were treated with
the two regimens for four or more cycles, without significant
difference between the two regimens. There were 6 gastric
MALT patients in the RC group, among whom 4 patients
were HP-negative at diagnosis, one patient was positive,
and one patient’s HP status was unknown. The positive one
received RC regimen and anti-HP treatment simultaneously.
At the same time, 14 gastric MALT patients were in the
R-CHOP group, where 7 patients failed to respond to anti-
HP treatment and the others were unclear about their HP
status.

Among all patients, the ORR was 89.7% with 62.8%
CR/CRu. There were no differences in ORR (84.6%
vs. 94.9%, P=0.263) and CR rate (59.0% vs. 66.7%,
P=0.482) between R-2CdA and R-CHOP, nor were there
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any differences (ORR 95.0% vs. 87.9%, P=0.672; CR rate
70.0% vs. 60.3%, P=0.441) observed between gastric and
non-gastric MALT. The CR rates were comparable, of
61.7% and 64.5%, between gastric MALT versus BALT
lymphoma (P =0.81). However, it was higher for patients
with stage I/II than that for advanced-stage individuals
(78.3% vs. 54.5%, P =0.05) (Table 3).

A median follow-up of 34.7 (range 5 to 108.7 months)
versus 28.5 months (range 4.9 to 144.9 months) was
found for the R-2CdA and R-CHOP cohorts. The mean
duration from diagnosis to initiation of chemotherapy
in 2 groups was comparable (32 vs 40 days, P=0.235).
Median OS and PFS were not reached for those receiv-
ing R-2CdA or R-CHOP (Fig. 2A to B). Five (12.8%)
R-2CdA-treated patients experienced progression of
disease within 24 months (POD24), compared to seven
(17.9%) R-CHOP-treated ones (P =0.53). PFS rates at
5 years were 67.7% =+ 11.2% in R-2CdA and 56.1% +12.1%
in R-CHOP (Table 3 and Fig. 2C). The OS rate of patients
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Fig. 1 Kaplan—Meier analysis
of progression-free survival

and overall survival (panels A
to B, n=183) in patients before
PSM, Kaplan—Meier analysis
of progression-free survival

and overall survival by ECOG
PS>2 (panels C to D, n=183)
in patients before PSM, Kaplan—
Meier analysis of progression-
free survival and overall
survival by D-dimer (panels E
to F, n=183) in patients before
PSM, Kaplan—-Meier analysis of
progression-free survival and
overall survival by LN > 6 (pan-
els G to H, n=183) in patients
before PSM, and Kaplan—Meier
analysis of progression-free
survival and overall survival by
regimen (panels I to J, n=183)
in patients before PSM
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Table 2 Univariate (log-

o Variables Univariate analysis Multivariate analysis
rank) and multivariate (Cox
regression) analysis outcomes P-value HR (95% CI) P-value
before PSM (n=183)
Age 70 0.307
Gender/female 0.16
ECOG PS>2 0.028 0.557 (0.301-1.030) 0.062
B symptoms 0.364
Ann Arbor stage 0.035
AID 0.811
Anemia 0.049
Thrombocytopenia 0.889
LDH elevated 0.043
B2MG elevated 0.055
D dimer abnormality <0.0001 0.42 (0.229-0.769) 0.005
Bone marrow involvement 0.007
MMS2 0.082
LN6 <0.0001 0.244 (0.130-0.455) <0.0001
MALT-IPI 0.005
Subtype <0.0001
Ki-67>20% 0.023
CD5 expression 0.974

PSM, propensity score matching; ECOG PS, Eastern Cooperative Oncology Group performance status;
AID, autoimmune disease; LDH, lactate dehydrogenase; 2MG elevated, 2-microglobulin; MMS2, extra-
nodal involvement sites>2; LN6, nodal involvements>6; MALT-IPI, MALT-lymphoma International

Prognostic Index

Table 3 Outcomes of response

before and after PSM M After PSM

All (n=183) R-2CdA group (n=39) RCHOP group (n=39) P-value
E—— (R-2CdA vs
n % n % n % R-CHOP)

ORR 166 90.7 33 84.6 37 94.9 0.263

CR 120 65.6 23 59.0 26 66.7 0.482

PR 46 25.1 10 25.6 11 28.2 0.799

SD 11 6.0 4 10.3 2 5.1 0.675

PD 6 33 2 5.1 0 0 0.494

PSM, propensity score matching; ORR, overall response rate; CR, complete remission; PR, partial
response; SD, stable disease; PD, progression disease; R-2CdA, rituximab pus cladribine; R-CHOP, rituxi-
mab plus cyclophosphamide, adriamycin, vincristine, and prednisone

remained constant without difference between R-2CdA
and R-CHOP, with 5-year OS rates of 93.1% +4.7% and
94.7% +3.7%, respectively (Table 4 and Fig. 2D).

While several rescue regimens were included (R-CHOP,
rituximab plus gemcitabine and oxaliplatin [R-GemOx],
ifosfamide, carboplatin and etoposide [22], BR, R?, ibru-
tinib plus rituximab, phosphoinositide 3-kinase inhibi-
tor [PI3Ki] plus rituximab, and radiotherapy), patient
response to them was poor. All the R-2CdA-treated
patients (n=8) responded to the second-line regimen, and
only 4/10 R-CHOP-treated participants to rescue therapy

@ Springer

(P=0.013). There was no histologically transformed
tumor after relapse/progression.

Safety

Among the 78 patients selected, 125 adverse events (AEs)
were recorded in 51 patients (65.4%), including 47 grade
3/4 AEs and one serious AE (SAE). In the R-2CdA arm,
grade 1/2 AEs were predominant (87.5%). The most frequent
hematological AEs was neutropenia (n=18, 62.1%). Non-
hematological AEs comprised of pulmonary infection, rash,
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Fig.2 Kaplan—Meier analysis of progression-free survival and overall survival (panels A to B, n="78) in patients after PSM, and Kaplan—Meier
analysis of progression-free survival and overall survival by regimens after PSM (panels C to D, n=78)

Table 4 Outcomes of survival

after PSM in 2 groups

Survival rate (%) Before PSM After PSM
All (n=183) All (n=178) R-2CdA R-CHOP P-value of X*

2-year PFS 80.6+3.2 85.4+4.3 77.4+7.6 85.8+5.9 0.604

2-year OS 95.0+1.7 942+2.8 93.1+4.7 94.7+3.7 1.0

3-year PFS 75.4+3.8 82+4.7 77.4+7.6 67.3+9.5 0.314

3-year OS 93.2+2.1 942+2.8 93.1+4.7 94.7+3.7 1.0

4-year PFS 68.9+4.9 76.15.7 68.0+11.2 67.3+9.5 1.0

4-year OS 93.2+2.1 942+2.8 93.1+4.7 94.7+3.7 1.0

5-year PFS 62.5+5.5 72.2+6.3 67.7+11.2 56.1+12.1 0.352

5-year OS 93.2+2.1 942428 93.1+4.7 94.7+3.7 1.0

PSM, propensity score matching; PFS, progression-free survival; OS, overall survival; R-2CdA, rituximab
pus cladribine; R-CHOP, rituximab plus cyclophosphamide, adriamycin, vincristine, and prednisone

herpes zoster, enterobrosis, vein thrombosis, renal impair-
ment, and impaired olfaction. Among patients treated with
R-CHOP, grade 3/4 AEs accounted for 49.4%, of which neu-
tropenia was the most frequent hematological AE and its

associated AEs such as infectious fever (n=6), pulmonary
infection (n=2), and cytomegalovirus (CMV) infection were
frequently reported, which required in-patient hospitaliza-
tion (Table 5). R-2CdA-treated patients suffered less toxicity
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Table 5 Adverse Events in 2 groups after PSM

AEs R-2CdA group (n=39) R-CHOP group

Grade 1 Grade2  Grade 3 Grade 4 Grade 1  Grade 2 Grade 3  Grade 4
Hematological Hematological
Neutropenia 10 7 1 0 Neutropenia 1 5 11 3
Anemia 5 0 0 0 Anemia 10
Thrombocytopenia 2 4 0 0 Thrombocytopenia 0 1 0 0
Non-hematological Non-hematological
Enterobrosis 0 0 1 0 Infectious fever 0 3 5 0
Herpes zoster 0 0 1 0 Pulmonary infection 0 0 2 0
Pulmonary infection 0 2 1 0 CMV infection 0 0 1 0
Interstitial pneumonia 0 0 1 0 Interstitial pneumonia 0 2 0 0
Rash 0 3 0 0 Vein thrombosis 0 1 0 0
Vein thrombosis 0 0 1 0 Fatigue 0 5 3 0
Renal impairment 1 0 0 0 Alopecia 10 5 15 2
Olfaction impairment 1 0 0 0

R-2CdA R-CHOP P-value OR* 95C% CI
Agranulocytosis 1 2.6% 14 35.9% <0.001 0.658 0.517 0.837
Infection 4 10.3% 11 28.2% 0.044 0.8 0.64 1.0
Neutropenic fever 0 0.0% 8 20.5% 0.005 0.795 0.678 0.932

OR, odds ratio (*OR is R-2CdA/R-CHOP); 95% CI, 95% confidence interval

than R-CHOP-treated controls in terms of grade 3/4 hemato-
logical AEs (odds ratio [OR] 0.565,95% C1 0.411 to 0.777),
neutropenic fever (OR 0.795, 95% CI 0.678 to 0.932), and
infections (OR 0.8, 95% CI 0.64 to 1.0) (Table 5). The only
SAE was grade 3 enterobrosis, reported in a 59-year old
female patient with the primary lesion located in lung.
After the first cycle of R-2CdA, she presented with acute
abdominal pain caused by jejunal perforation associated
with MALT lymphoma involvement, which was confirmed
by excisional biopsy. Nevertheless, this participant achieved
complete remission after four cycles of R-2CdA regimen and
bowel resection procedure, though delayed due to the SAE.
No treatment-related death was observed in both arms.

Discussion

MZL is a common type of indolent NHL. Given its hetero-
geneity, it is challenging to define a widely accepted treat-
ment principle for these patients. For localized involvement,
appropriate local therapy comprises antibiotics against H.
pylori for gastric MALT lymphoma, splenectomy for SMZL,
and radiotherapy for NMZL. But appropriate regimens for
advanced-stage patients with low tumor burden or asympto-
matic MZL must still be determined. Moreover, the debate
over first-line chemotherapy regimens in the treatment of
advanced and symptomatic MZL remains unsolved today.
The IELSG-19 study [10] is the largest phase III rand-
omized trial of frontline MALT lymphoma, in which patients
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were randomized to chlorambucil monotherapy, rituximab
monotherapy, or the combination of rituximab and chloram-
bucil. The ORR was 94.7% (78.8% CR) in patients receiving
the combined therapy, significantly higher than the percent-
age in those receiving either monotherapy. The 5-year PFS
rate was 72% (95% CI 63 to 79) in patients treated with
combination therapy, superior to the other two groups. These
rates are better than our results in the R-2CdA and R-CHOP
groups. Furthermore, the 5-year OS in the IELSG-19 trial
was similar in the three arms: 89% in chlorambucil, 92% in
rituximab, and 90% in the combination arm, which is com-
parable to our results. Several reasons may explain the dif-
ference in outcomes between our results and those achieved
from the IELSG-19 study. Participants in the IELSG-19
study had a less severe cancer stage at diagnosis: 43.6%
of them at advanced stage, only 1.5% of patients with an
ECOG PS score > 2, and 42.6% with primary gastric MALT
lymphoma. The International Prognostic Index (IPI) cate-
gorized 80.7% of patients as low or low-intermediate risk.
Furthermore, the IELSG-19 study was a prospective trial
and patients were managed more carefully and standardly.
Moreover, our study and the IELSG-19 study showed no
difference in OS, probably attributed to the indolent pro-
gression of MZL and rescue regimens that may overlap and
intersect.

The BRIGHT study, a multicenter phase III randomized
study, compared the efficacy of BR vs. R-CHOP/R-CVP
in patients with untreated iNHL or mantle-cell lymphoma
(MCL), and the sample size of MZLs was 46 [12]. The
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BRIGHT study showed the difference in the 5-year PFS
rate between BR and R-CHOP regimens (65.5% vs. 55.8%),
which was significant for all participants. However, the sub-
group analysis of MZL failed to show a trend in favor of BR
(P=0.0582). The BRIGHT study reported similar 5-year
PFS rates in the R-CHOP/R-CVP group to ours. Further-
more, both studies failed to show a significant difference in
PFS rates between groups, probably due to the small sample
size and retrospective nature.

Development of MALT lymphoma is strongly associated
with chronic antigenic drives and autoimmune disorders,
which makes it suitable for immunomodulatory treatment.
Recently, a phase 2 investigator-initiated study enrolled 30
previously untreated III/IV stage MZL patients. They were
treated with 6 or 12 cycles regimen combining lenalidomide
with rituximab (R?) and achieved a robust efficacy with no
unexpected toxicities. The ORR was 93% (CR/CRu 70%)
and the median PFS was 59.8 months [23]. In addition,
the Bruton’s kinase inhibitor ibrutinib and the proteasome
inhibitor bortezomib also showed their efficacy among R/R
MZL patients [24, 25].

Histological transformation of MZL was undetected in
patients who progressed during the study period. However,
previous studies [11, 12] reported an incidence of such
transformation of 2 to 3%. This may be due to the small
sample size and short-term follow-up. Besides, these studies
included patients with follicular lymphoma (FL), an iNHL
subtype more likely to transform to an aggressive tumor than
MZL.

MZL is considered incurable and tends to occur in elderly
individuals. AEs or complications related to treatment are
critical for decision-making in choosing a chemotherapy
regimen as elderly patients are unable to tolerate cytotoxic
chemotherapy due to decreased organ function and comor-
bidities. Consistent with the results of other publications
[16-18] that R-2CdA was associated with fewer short-term
AEs, in our analysis, there were lower risks of grade 3/4
hematological AEs, neutropenic fever, and infectious com-
plications that required patient hospitalization in R-2CdA
versus R-CHOP. Previous studies have demonstrated that
cladribine may be associated with an increased risk of mye-
lodysplastic syndrome (MDS) secondary to indolent B cell
lymphoma [26, 27]. In the present work, though no second-
ary tumors were detected in both groups, any questionable
manifestations require longer surveillance and re-biopsy
confirmation. However, the BRIGHT study [12] reported
more new cancer diagnoses in patients treated with BR than
those with R-CHOP/R-CVP, which cannot be interpreted
correctly.

To our knowledge, this is the first study to evaluate the
efficacy and safety of R-2CdA versus R-CHOP in the real-
world setting. We utilized a propensity score matching
method to control for potential confounders or predictors.

This retrospective multicenter study showed non-inferiority
of R-2CdA versus R-CHOP as first-line treatment for MZL
patients. R-2CdA also showed less toxicity than R-CHOP,
evidenced by low frequencies of grade 3/4 hematological
AEs, neutropenic fever, and infections. Recently, a study
reported that subcutaneous cladribine shows excellent long-
term survival in patients with hairy cell leukemia [28]. Sub-
cutaneous cladribine combining with rituximab could be an
efficient and feasible choice for patients with MZL in future.

The limitations are apparent including the retrospective
design and the fact that multiple centers are involved. Insti-
tutional bias is present in selecting chemotherapy regimens.
Secondly, the sample is not enough to assess the efficacy
and safety of these two treatment strategies for each entity,
especially for NMZL and SMZL. Moreover, the follow-up
period of our study was relatively short for this indolent
disease. Longer follow-up data and robust study protocols
are needed to observe treatment-related complications like
secondary malignancy.

Overall, this multicenter, large-sample, retrospective
study indicates that excellent ORR (84.6% and 94.9%) and
5-year PFS (67.7% and 56.1%) can be achieved after either
R-2CdA or R-CHOP in advanced-stage, treatment-naive
patients with MZL. R-2CdA is more tolerable than R-CHOP
in terms of grade 3/4 AEs. R-2CdA could be an initial treat-
ment option regarding the efficacy and acceptable toxicity.
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