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Abstract

Owing to its heterogeneity and rarity, management of disseminated marginal zone

B‐cell lymphoma (MZL) remains largely understudied. We present prospective data

on choice of systemic treatment and survival of patients with MZL treated in

German routine practice. Of 175 patients with MZL who had been documented in

the prospective clinical cohort study Tumour Registry Lymphatic Neoplasms

(NCT00889798) collecting data on systemic treatment, 58 were classified as

extranodal MZL of mucosa‐associated lymphoid tissue (MALT) and 117 as non‐
MALT MZL. We analyzed the most commonly used first‐line and second‐line
chemo(immuno)therapies between 2009 and 2016 and examined objective

response rate (ORR), progression‐free survival (PFS), overall survival (OS) and

prognostic factors for survival. Compared to patients with MALT MZL, those with

non‐MALT MZL more often presented with bone marrow involvement (43% vs.

14%), Ann Arbor stage III/IV (72% vs. 57%) and were slightly less often in good

general condition (ECOG = 0; 41% vs. 47%). In German routine practice, rituximab‐
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bendamustine for a median of 6 cycles was the most frequently used first‐line (76%)
and second‐line treatment (36%), with no major differences between MZL subtypes.

The ORR for patients encompassing any positive response was 81%. For patients

with MALT and non‐MALT MZL, respectively, 5‐years PFS was 69% (95% CI 52%–

81%) and 66% (95% CI 56%–75%), 5‐years OS 79% (95% CI 65%–89%) and 75%

(95% CI 66%–83%). Cox proportional hazards models showed a significantly

increased risk of mortality for higher age in all patient groups. Our prospective real

world data give valuable insights into the management and outcome of non‐selected
patients with MZL requiring systemic treatment and can help optimize therapy

recommendations.
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1 | INTRODUCTION

Marginal zone lymphomas (MZL) are derived from B‐lymphocytes of
the marginal zone as the external part of the secondary lymphoid

follicles1 and account for approximately 5%–15% of all non‐Hodg-
kin's lymphomas in the Western world.2,3 MZL has an orphan disease

designation with an age‐standardized incidence per 100,000 popu-

lation reported to range from 0.5–2.6.4 The median age at diagnosis

is close to 67 years but may differ by MZL subtype.5 According to the

World Health Organization classification, there are three different

MZL subtypes with specific diagnostic criteria, genetic features,

clinical course and therapeutic implications: extranodal MZL of

mucosa‐associated lymphoid tissue (MALT), splenic MZL (SMZL) and

nodal MZL (NMZL)6–8 representing 50%–70%, 20% and 10% of all

MZL, respectively.3,9,10 MALT MZL can arise at any extranodal site

with the stomach as the most common, followed by ocular/adnexal,

lung, skin and salivary glands.5 They are usually associated with

chronic immune stimulation due to infections (e.g., Helicobacter pylori

in gastric MALT MZL) or autoimmunity (e.g., Hashimoto's and Sjog-

ren's syndrome).3 Based on population‐based data from SEER (Sur-

veillance, Epidemiology, and End Results) and the UK's

Haematological Malignancy Research Network (HMRN), respectively,

the 5‐years overall survival (OS) has been reported to be 61%11–

84%12 for overall MZL over the past 2 decades, ranging from

75%11,13 to 87%12 for MALT MZL, 68%13 to 80%12 for SMZL and

64%13 to 78%12 for NMZL. A greater understanding of the disease

biology has broadened the therapeutic landscape of MZL over the

past decade with the development of novel therapeutic approaches

targeting signaling pathways.9,14,15 However, owing to its rarity and

disease heterogeneity, only few phase III randomized clinical trials

(RCTs) have focused on MZL so far.16 Thus, MZL remains largely

understudied.5

Since management of patients with disseminated MZL requiring

systemic treatment may vary, prospectively collected routine data

are of great interest to identify treatment patterns and survival of

patients with distinct MZL subtypes. To our knowledge, no larger data

on treatment and survival of patients withMZL in Germany have been

published so far. Here, we present data on 175 patients, classified into

MALT and non‐MALT MZL subtypes, documented within the pro-

spective clinical cohort study TLN (Tumour Registry Lymphatic Neo-

plasms) which had recruited patients with indolent17–20 or aggressive

NHL21 requiring systemic therapy andwhowere treated by office‐ and
hospital‐based hematologists across Germany. We show choice of

first‐line and second‐line treatment and outcome of patients by

analyzing best response, progression‐free survival (PFS) and OS.

Furthermore, we present a multivariate regression model identifying

factors influencing survival.

2 | METHODS

2.1 | Data source

The TLN was an open, longitudinal, multicentre, observational, pro-

spective cohort study collecting data on systemic treatment of pa-

tients with lymphoid B‐cell neoplasms between 2009 and 2019. The

study had been approved by the responsible ethics committee and is

registered at ClinicalTrials.gov (NCT00889798). Patients were

treated according to physicians' choice. There were no specifications

as to the timing, frequency or criteria of tumor assessment. Further

details on the methodology of the TLN have been previously

described elsewhere.17–21

2.2 | Cohort definition

A total of 3,795 patients with lymphoid B‐cell neoplasms had been

recruited into the TLN (Figure 1). Of 1,187 patients diagnosed with
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indolent NHL (excluding chronic lymphocytic leukemia and multiple

myeloma), 1,049 had been enrolled at start of their first‐line systemic
chemo(immuno) therapy. Among them, 175 patients with MZL

recruited in 71 office‐ and hospital‐based medical oncology/hema-

tology centers across Germany between May 2009 and January

2014 were included in this analysis. Patients registered as MALT‐
lymphoma and patients registered as MZL with documented extra-

nodal involvement such as gastrointestinal tract, lung, breast, eye/

orbita, breast, kidney and other were categorized as (extranodal)

MALT MZL (n = 58, 33%). Since no clear specification between SMZL

and NMZL had been recorded in the TLN, the remaining patients

were classified within the non‐MALT MZL subgroup (n = 117, 67%).

Data cut‐off for this analysis was 31 August 31 2019.

2.3 | Statistical analysis

Time‐to‐events was analyzed by the Kaplan‐Meier method. PFS was

defined as the interval between start of first‐line treatment and date of
progression or death prior to start of second‐line treatment; patients
without such an event were censored at either the start of second‐line
treatment or at the last documented contact. OS was defined as the

interval between start of first‐line treatment until death from any

cause. Data of patients alive or lost to follow‐up were censored at the
last documented contact. The median observation time was calculated

using the reverse Kaplan‐Meier estimate.22 Confidence limits for the

survivor function were calculated employing a log‐log trans-

formation.23 Confidence intervals (CI) for median survival were

calculated as described by Brookmeyer and Crowley.24 All analyses

were performed using SAS software, Version 9.4 of the SAS System for

Windows. Copyright © 2002‐2012 SAS Institute Inc. SAS and all other
SAS Institute Inc. product or service names are registered trademarks

or trademarks of SAS Institute Inc., Cary, NC, USA.

To identify potential independent prognostic factors for survival,

separate Cox proportional hazards models were fitted for each MZL

subtype. The following pre‐defined independent variables were

examined: age, bone marrow involvement, LDH level, presence of B

symptoms, spleen involvement and stage. Backwards selection by

minimizing Akaike information criterion (AIC) was chosen for vari-

able selection. CI for the regression coefficients were based on the

Wald statistics. All presented p values are two‐sided and p‐values
smaller than 5% will be interpreted as significant. There were no

multiplicity adjustments to the level of significance.

3 | RESULTS

3.1 | Patient demographics and clinical
characteristics

Table 1 shows the demographics and clinical characteristics of patients

withMZL included in this analysis (n = 175). Half of patients weremale

(51%, n = 89). The median age at start of first‐line treatment was 69
years. Patients with MALTMZL slightly more often presented in good

general condition (ECOG= 0; 47%, n = 27 vs. 41%, n = 48). At least one

concomitant disease was present in 67% of all patients (n = 118) at

start of first‐line treatment with arterial hypertension as the most

common (38%, n = 66). Presence of B symptoms, lower hemoglobin

and elevated LDH levels had been more frequently documented in

patients with non‐MALTMZL (35%, n = 41 vs. 16%, n = 9; 45%, n = 53

vs. 31%, n = 18 and 33%, n = 38 vs. 26%, n = 15, respectively).

Furthermore, patients with non‐MALT MZL more often presented

with Ann Arbor stage of III/IV (72%, n = 84 vs. 57%, n = 33) and more

often had bone marrow involvement (43%, n = 50 vs. 14%, n = 8). For

patients with MALTMZL, lung (33%, n = 19) and gastrointestinal tract

(26%, n = 15), respectively, were the most frequently affected organs.

Prior radiotherapy had been more frequently documented in patients

with MALT MZL (9%, n = 5 vs. 3%, n = 3).

3.2 | Choice of systemic treatment

3.2.1 | First‐line treatment

Figure 2 displays the most frequently used first‐line treatments

between 2009 and 2014, clustered by substance groups, for

n = 961

Patients with any lymphoid B-cell neoplasm
n = 3,795

n = 489

Aggressive 
NHL

n = 948

Evaluable patients
n = 3,585

Indolent NHL
(except CLL / MM)

n = 1,187

CLL MM

MZL
n = 175

Recruited in 
1st line

n = 1,049

MALT MZL
n = 58

non-MALT MZL
n = 117

F I GUR E 1 Cohort definition. Number of patients enrolled in

the TLN from April 2009 until August 2014, split up according to
different types of lymphoid B‐cell neoplasms. Of all evaluable
patients with indolent NHL (other than CLL or MM), 175 patients
with MZL who had been prospectively enrolled at the start of their

first‐line treatment were included into this analysis. Among them,
58 patients presented with MALT MZL and 117 patients with non‐
MALT MZL. Data cut‐off for this analysis was 31 August 2019. CLL,
chronic lymphocytic leukemia; MALT, mucosa‐associated lymphoid
tissue; MM, multiple myeloma; MZL, marginal zone lymphoma;
NHL, non‐Hodgkin's lymphoma
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TAB L E 1 Patient demographics and clinical characteristics at start of first‐line treatment

Characteristic MALT MZL n = 58 Non‐MALT MZL n = 117 Overall MZL n = 175

Age in years, median (25%–75% quartile) 66.5 (56.7–75.1) 69.6 (61.2–76.2) 69.0 (59.4–75.9)

≥70 years 25 (43.1%) 56 (47.9%) 81 (46.3%)

BMI in kg/m2, mean (StD) 26.4 (4.8) 26.5 (5.3) 26.5 (5.1)

Missing 1 (1.7%) 5 (4.3%) 6 (3.4%)

Sex

Female 30 (51.7%) 56 (47.9%) 86 (49.1%)

Male 28 (48.3%) 61 (52.1%) 89 (50.9%)

Performance status

ECOG = 0 27 (46.6%) 48 (41.0%) 75 (42.9%)

ECOG = 1 22 (37.9%) 49 (41.9%) 71 (40.6%)

ECOG ≥2 3 (5.3%) 7 (6.0%) 10 (5.7%)

Unknown 5 (8.6%) 13 (11.1%) 18 (10.3%)

Missing 1 (1.7%) 00 (0.0%) 1 (0.6%)

Patients with comorbidity

Any comorbiditya 39 (67.2%) 79 (67.5%) 118 (67.4%)

CCI = 0b 38 (69.5%) 91 (77.8%) 129 (73.7%)

CCI ≥1b 20 (34.5%) 26 (22.2%) 46 (26.3%)

Arterial hypertension 21 (36.2%) 45 (38.5%) 66 (37.7%)

Cardiac disordersc 12 (20.7%) 30 (25.6%) 42 (24.0%)

Diabetes 16 (10.3%) 14 (12.0%) 20 (11.4%)

Chronic pulmonary disease 4 (6.9%) 13 (11.1%) 17 (9.7%)

Autoimmune disordersd 4 (6.9%) 8 (6.8%) 12 (6.9%)

B symptomse

Present 9 (15.5%) 41 (35.0%) 50 (28.6%)

Unknown 7 (12.1%) 6 (5.1%) 13 (7.4%)

Hemoglobin

<12 g/dL 18 (31.0%) 53 (45.3%) 71 (40.6%)

LDH

>ULN 15 (25.9%) 38 (32.5%) 53 (30.3%)

Unknown 6 (10.3%) 4 (3.4%) 10 (5.7%)

Ann Arbor stagef

I 6 (10.3%) 4 (3.4%) 10 (5.7%)

II 15 (25.9%) 11 (9.4%) 26 (14.9%)

III/IV 33 (56.9%) 84 (71.8%) 117 (66.9%)

Ambiguous 4 (6.9%) 18 (15.4%) 22 (12.6%)

Lymph node regions, median (25%–75% quartile) 2 (0–4) 3 (1–4) 2 (1–4)

= 0 13 (22.4%) 13 (11.1%) 26 (14.9%)

= 1–2 14 (24.1%) 23 (19.7%) 37 (21.1%)

= 3–4 10 (17.2%) 23 (19.7%) 33 (18.9%)

≥5 6 (10.3%) 18 (15.4%) 24 (13.7%)

Unknown 15 (25.9%) 40 (34.2%) 55 (31.4%)
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the overall MZL cohort (n = 175, Figure 2A) and for patients

with either MALT (n = 58) or non‐MALT MZL (n = 117,

Figure 2B).

Bendamustine‐based therapies were the most common first‐line
treatments (81%, n = 141), with no differences between patients with

MALT and non‐MALT MZL and with rituximab‐bendamustine
(±prednisone) used most frequently (76%, n = 133). In these pa-

tients, bendamustine was used for a median of 6 cycles (interquartile

range [IQR] 2.0) and rituximab for a median of 6 cycles (IQR 1.0) as

well.

First‐line treatments based on cyclophosphamide/doxorubicin/

vincristine/prednisone (CHOP) were applied to 10% of all patients

(n = 18), slightly more frequently for patients with MALT than with

non‐MALT MZL (14%, n = 8 vs. 9%, n = 10). Two patients with MALT

and 4 patients with non‐MALT MZL (both 3%) received rituximab

monotherapy as first‐line treatment. Fludarabine‐ or chlorambucil‐
based regimens as well as other treatments were applied only

rarely (each 2%).

3.2.2 | Second‐line treatment

At the time of this analysis, second‐line treatment was documented
for 28 patients (16%): 9 patients (16%) with MALT and 19 patients

(16%) with non‐MALT MZL. 25 patients (14%) had died prior to

receiving a second‐line treatment. From 2010 to 2016, the most

common second‐line treatments were bendamustine‐based (39%,

n = 11), mainly rituximab‐bendamustine (±prednisone; 36%, n = 10).

For patients with MALT MZL, bendamustine‐based therapy was used
as often as rituximab monotherapy (each 33%, n = 3) as second‐line
therapy. Two patients (22%) received second‐line DHAP combined

with rituximab, and one patient (11%) received fludarabine in com-

bination with cyclophosphamide and rituximab. For patients with

non‐MALT MZL, bendamustine‐based therapy was used most

frequently (42%, n = 7), followed by rituximab‐CHOP (R‐CHOP; 21%,
n = 4) and fludarabine‐based therapy (16%, n = 3). Two patients

(11%) were treated with rituximab monotherapy. One patient

received ibrutinib, another patient chlorambucil (5% both).

T A B L E 1 (Continued)

Characteristic MALT MZL n = 58 Non‐MALT MZL n = 117 Overall MZL n = 175

Extranodal sides

Present 48 (82.8%) 65 (55.6%) 113 (64.6%)

Unknown 5 (8.6%) 10 (8.5%) 15 (8.6%)

Affected organsg

Bone marrow 8 (13.8%) 50 (42.7%) 58 (33.1%)

Spleen 5 (8.6%) 31 (26.5%) 36 (20.6%)

Lung 19 (32.8%) 2 (1.7%) 21 (12.0%)

Gastrointestinal tract 15 (25.9%) 00 (0.0%) 15 (8.6%)

Skin 6 (10.3%) 00 (0.0%) 6 (3.4%)

Liver 2 (3.4%) 3 (2.6%) 5 (2.9%)

Breast 4 (6.9%) 00 (0.0%) 4 (2.3%)

Eye/orbita 3 (5.2%) 1 (0.9%) 4 (2.3%)

Other 5 (8.6%) 7 (6.0%) 12 (6.9%)

Prior radiotherapy 5 (8.6%) 3 (2.6%) 8 (4.6%)

Splenectomy 1 (1.7%) 8 (6.8%) 9 (5.1%)

Note: Data are n (%), unless otherwise stated. Some percentages might not add up to 100% due to rounding.

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase;

MALT, mucosa‐associated lymphoid tissue; MZL, marginal zone lymphoma; StD, standard deviation; ULN, upper limit of normal.
aAt least one comorbidity according to Charlson and/or additional concomitant diseases.
bCharlson comorbidity index (CCI) according to Quan et al.25,26; MZL (2 points) was not counted as a comorbidity.
cHeart insufficiency, myocardial infarction, coronary artery disease and other cardiac disorders.
dAutoimmune hemolytic anemia, arthritis, collagen disorder, immune thrombocytopenic purpura, rheumatic disorder, systemic lupus erythematosus and

potential autoimmune disorders: hypothyroidism or other thyroid disorder, Basedow's disease, polyneuropathy; of all autoimmune disorders presented,

n = 4 potential.
eFever, night sweats, loss of weight.
fAs documented by study sites.
gPatients may be affected by multiple organ involvement. Other: Bone, Kidney, Pleura and some other rarely documented organ sites.
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3.3 | Sequential treatment

The three most commonly used sequences for all patients proceeding

from first‐line to second‐line treatment (n = 28) were: bendamustine‐

based treatment followed by (a) a bendamustine‐based (32%, n = 9),

or (b) a CHOP‐based (14%, n = 4), or (c) a fludarabine‐based therapy
(14%, n = 4).

3.4 | Best response, progression‐free survival and
overall survival

Outcome data are presented in Figure 3 and shown in Table 2. The

objective response rate (ORR) for patients encompassing any positive

response was 81% for the overall cohort, with 76% documented in

MALT and 84% in non‐MALT MZL. Stable disease had been reported

in 5% (n = 9) of all patients, while there was no disease progression

documented during first‐line treatment. However, in 14% of patients

(n = 24), the status of response had been documented as unknown,

with a higher proportion of unknown responses in the MALT MZL

subgroup (19%, n = 11 vs. 11%, n = 13).

Median duration of observation was 60.3 months (95% CI 59.9–

61.3). 5‐years PFS was 69% (95% CI 52%–81%) for MALT and 66%

(95% CI 56%–75%) for non‐MALT MZL (Table 2, Figure 3A–B). 5‐
years OS was 79% (95% CI 65%–89%) for MALT and 75% (95% CI

66%–83%) for non‐MALT MZL (Table 2, Figure 3C–D).

At data cut‐off, 37 patients (21%) had died, 25 (14%) were still

being observed, 34 (19%) were lost to follow‐up. Another 80 patients
(46%) were alive at the end of the individual 5‐years observation

period which was defined as the maximum observation time in the

TLN registry.

3.5 | Factors influencing survival

Results of multivariate regression analyses are shown in Table 3.

There are three Cox models for both mortality and disease pro-

gression, that is one model for each MZL subgroup (overall, MALT,

non‐MALT MZL). Due to the relatively small patient numbers, models

fitting best to the data have been selected and are presented here.

Thus, the subset of predictors included varies between models.

Regarding OS, age was the only variable associated with a signifi-

cantly increased risk of mortality for the whole MZL cohort and both

subgroups. For disease progression, age was also found to be a sta-

tistically significant predictor in the overall cohort. For the MALT

MZL group, absence of B‐symptoms was associated with a signifi-

cantly decreased risk of progression, while for the non‐MALT MZL

group, age, and absence of bone marrow involvement and absence of

LDH elevation were linked with a significantly increased risk of

progression.

4 | DISCUSSION

The present study shows prospective real world data on treatment

and outcome of patients with MZL requiring systemic therapy

offered in German routine practice. Rituximab‐bendamustine was the

80.6%

10.3%

3.4%

2.3%

1.7%

1.7%

0% 20% 40% 60% 80% 100%

bendamustine-based

CHOP-based

rituximab (mono)

fludarabine-based

chlorambucil-based

other

MZL (n=175)

79.3%

13.8%

3.4%

0.0%

0.0%

3.4%

81.2%

8.5%

3.4%

3.4%

2.6%

0.9%

0% 20% 40% 60% 80% 100%

bendamustine-based

CHOP-based

rituximab (mono)

fludarabine-based

chlorambucil-based

other

MALT (n=58) non-MALT (n=117)

F I GUR E 2 Choice of systemic first‐line treatment in marginal
zone lymphoma. First‐line treatments/treatment combinations
between 2009 and 2014 sorted by relative frequency for (A) all
patients included (n = 175) and (B) classified into either MALT MZL
(n = 58) or non‐MALT MZL (n = 117). Bendamustine‐based:
bendamustine (±prednisone), bendamustine + rituximab

(±prednisone)a, bendamustine + vincristine (±prednisone/
rituximab); chlorambucil‐based: chlorambucil (mono),
chlorambucil + rituximab; fludarabine‐based:
fludarabine + cyclophosphamide (±rituximab); CHOP‐based: CHOP
or COP + rituximab; other: R‐CHO(P)/R‐DHAP,
dexamethasone + methotrexate,

trofosfamide + rituximab + prednisone. Note: Percentages may not
add up to 100% due to rounding. CHO(P), cyclophosphamide/
doxorubicin/vincristine/(prednisone); COP, cyclophosphamide/

vincristine/prednisone; DHAP, dexamethasone/high‐dose
cytarabine (Ara‐C)/cisplatin; MALT, mucosa‐associated lymphoid
tissue; MZL, marginal zone lymphoma; R, rituximab.a One patient
switched to bendamustine + rituximab after one cycle of R‐CHOP

318 - KNAUF ET AL.



most frequently applied first‐line and second‐line regimen. Survival

rates tended to be slightly higher for patients with MALT MZL which

might be related to differences in patient characteristics. Age

significantly increased the risk of mortality in both patient groups.

Strengths of this study are the prospective, longitudinal design

and the non‐selected participation of hematologists/oncologists

across Germany recruiting into a large study cohort which allows the

analysis of smaller subsets including the MZL patient population. Our

study is limited by the absence of central pathology review and the

sole enrollment of patients with MZL receiving systemic therapy.

Therefore, patients with a watch‐and‐wait approach or patients

receiving only local treatment were not included. In case of localized

disease, the WHO classification distinguishes between three MZL

subtypes. However, when patients present with disseminated dis-

ease, it can be difficult to determine the correct subtype. The clas-

sification of MALT and non‐MALT MZL used for this work represents

an approximation and characteristics of our cohort may thus not be

representative of the general MZL patient population. In the TLN,

there were no specifications as to the timing, frequency or criteria of

tumor assessment. Thus, clinical PFS data should be considered as

the best clinical approximation, but might not be identical to the PFS

determined in controlled clinical trials.

According to our data, median 6 cycles rituximab‐bendamustine
was by far the most frequently used first‐ and second‐line treatment
for patients with MALT and non‐MALT MZL. The combination of

bendamustine with rituximab has been widely adopted as first‐line
regimen for indolent B‐cell lymphomas including MZL (in general27

and for advanced MZL of any subtype5). Two phase III RCTs, the

BRIGHT study and the StiL (Study group indolent Lymphomas) study

enrolling treatment‐naive patients with indolent NHL or mantle cell

lymphoma, have reported improved PFS and lower toxicity of

rituximab‐bendamustine compared with R‐CHOP or R‐CVP

F I GUR E 3 Progression‐free and overall survival of patients with marginal zone lymphoma who had been enrolled at the beginning of their
first‐line treatment. (A) PFS since start of first‐line treatment for all patients included (n = 175) and (B) classified into either MALT MZL
(n = 58) or non‐MALT MZL (n = 117); C) OS since start of first‐line treatment for all patients included (n = 175) and (D) classified into either
MALT MZL (n = 58) or non‐MALT MZL (n = 117). CI, confidence interval; MALT, mucosa‐associated lymphoid tissue; MZL, marginal zone

lymphoma; OS, overall survival; PFS, progression‐free survival
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(rituximab/cyclophosphamide/vincristine/prednisolone), while there

was no difference in OS between the treatment groups.28–30 In both

studies, however, the proportion of patients with MZL was low: 12%

in BRIGHT,28 14% in StiL.29 In two phase II studies, rituximab‐
bendamustine has proven to be a very effective first‐line regimen

alongside a favorable toxicity profile in patients with MALT MZL at

any site or stage even at 4 cycles (MALT2008‐0131,32) and in SMZL

(BRISMA/IELSG3633), respectively. In the IELSG‐19 study, the com-

bination of rituximab plus chlorambucil versus either rituximab or

chlorambucil monotherapy was assessed as first‐line treatment in

401 patients with MALT MZL, subsequently determining early pro-

gression of disease (POD) within two years from initial systemic

treatment as predictive for inferior OS. Patients with high‐risk

MALT‐IPI (based on age ≥70 years, elevated LDH and Ann Arbor

stage III/IV) were more likely to have early POD in the IELSG19

study.10,34

In patients with recurrent MZL, rituximab alone or in combina-

tion has also shown to provide high response rates,13,35 with

rituximab‐bendamustine as the most common second‐line treatment
as revealed by our data. Notably, it has to be taken into account that,

at the time of this analysis and beyond, there were no comprehensive

European guidelines on the diagnosis/management of MZL. While

guidelines of the European Society for Medical Oncology (ESMO)

only focused on gastric MALT MZL,36 solely few national guidelines

existed.16 Usually, treatments used for follicular lymphoma have also

been applied for MZL.9 Most recently, the first clinical practice

TAB L E 2 OS, PFS and best response since start of first‐line treatment

Characteristic MALT MZL n = 58 Non‐MALT MZL n = 117 Overall MZL n = 175

Best response

CRua 20 (34.5%) 37 (31.6%) 57 (32.6%)

PR 24 (41.4%) 61 (52.1%) 85 (48.6%)

SD 3 (5.2%) 6 (5.1%) 9 (5.1%)

PD 0 (0.0%) 0 (0.0%) 0 (0.0%)

Unknown 11 (19.0%) 13 (11.1%) 24 (13.7%)

Progression‐free survival

Events 14 (24.1%) 35 (29.9%) 49 (28.0%)

Median PFS, months (95% CI)b NA NA NA

Survival rate, percent (95% CI)

12 months 88.9 (76.9–94.8) 87.4 (79.7–92.4) 87.9 (81.9–92.0)

24 months 82.8 (69.5–90.7) 77.9 (68.8–84.6) 79.5 (72.4–85.0)

36 months 80.6 (66.9–89.1) 73.6 (64.1–81.0) 75.9 (68.4–81.9)

48 months 77.9 (63.5–87.2) 69.1 (59.1–77.1) 71.9 (63.9–78.4)

60 months 68.8 (52.3–80.7) 66.3 (56.0–74.8) 67.2 (58.6–74.3)

Overall survival

Events 10 (17.2%) 27 (23.1%) 37 (21.1%)

Median OS, months (95% CI) NA NA NA

Survival rate, percent (95% CI)

12 months 92.7 (81.7–97.2) 89.5 (82.3–93.9) 90.6 (85.1–94.1)

24 months 86.9 (74.5–93.6) 84.1 (75.9–89.7) 85.0 (78.6–89.6)

36 months 84.9 (72.1–92.2) 83.1 (74.8–88.9) 83.7 (77.1–88.5)

48 months 82.6 (69.1–90.6) 79.0 (70.1–85.6) 80.1 (73.0–85.5)

60 months 79.4 (64.6–88.6) 75.2 (65.5–82.5) 76.5 (68.7–82.6)

Median duration of observation, months (95% CI) 59.7 (51.5–61.5) 60.4 (59.9–61.7) 60.3 (59.9–61.3)

Note: Data are n (%), unless otherwise stated. Some percentages might not add up to 100% due to rounding.

Abbreviations: CI, confidence interval; CR, complete response; MALT, mucosa‐associated lymphoid tissue; MZL, marginal zone lymphoma; NA, not

applicable; OS, overall survival; PD, progression; PFS, progression‐free survival; PR, partial response; SD, stable disease.
aAssessment by study sites, no evaluation by the criteria used in clinical trials.
bAssessment by study sites and not according to response criteria used in clinical trials.
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TAB L E 3 Multivariate regression analysis – Cox proportional hazards models for progression‐free and overall survival in MZL

Progression‐free survival

Variable Patients n (%) HR (95% CI) p‐value

Overall MZL (n = 175)

Age (10‐years increments) ‐ 1.64 (1.23–2.20) <0.001*

B symptoms

Present 50 (28.6%) Reference ‐

Not present 112 (64.0%) 0.60 (0.34–1.07) 0.083

Unknown 13 (7.4%) 0.19 (0.03–1.44) 0.109

MALT MZL (n = 58)

B symptoms

Present 9 (15.5%) Reference ‐

Not present 42 (72.4%) 0.29 (0.10–0.88) 0.029*

Unknown 7 (12.1%) 0.00 (0.00–NA) 0.993

Non‐MALT MZL (n = 117)

Age (10‐years increments) ‐ 1.90 (1.33–2.72) <0.001*

B symptoms

Present 41 (35.0%) Reference

Not present 70 (59.8%) 0.57 (0.29–1.14) 0.113

Unknown 6 (5.1%) 0.22 (0.03–1.77) 0.155

Increased LDH

Yes 38 (32.5%) Reference ‐

No 75 (64.1%) 2.36 (1.03–5.38) 0.042*

Unknown 4 (3.4%) 0.00 (0.00–NA) 0.992

Spleen involvement

Yes 31 (26.5%) Reference ‐

No 86 (73.5%) 0.41 (0.17–1.00) 0.051

Bone marrow involvement

Yes 50 (42.7%) Reference ‐

No 67 (57.3%) 2.65 (1.14–6.14) 0.023*

Overall survival

Variable Patients n (%) HR (95% CI) p‐value

Overall MZL (n = 175)

Age (10‐years increments) ‐ 1.99 (1.38–2.85) <0.001*

MALT MZL (n = 58)

Age (10‐years increments) ‐ 2.44 (1.17–5.08) 0.017*

Bone marrow involvement

Yes 8 (13.8%) Reference ‐

No 50 (86.2%) 0.33 (0.08–1.31) 0.115

Non‐MALT MZL (n = 117)

Age (10‐years increments) ‐ 1.94 (1.28–2.96) 0.002*

(Continues)
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guideline of MZL has become available by the ESMO.3 In the pres-

ence of disseminated symptomatic disease, chemoimmunotherapy

such as rituximab‐bendamustine or rituximab‐chlorambucil is

currently recommended for all MZL subtypes.

Since this study focused on MZL treatment between 2009 and

2016, data from more recent studies exploring the impact of newer

drugs including lenalidomide and ibrutinib9,37–41 or small molecules

targeting pathways in MZL15 were still limited. In the TLN, more

recently approved drugs had been documented for only a single pa-

tient (ibrutinib).

The results of this analysis showing a 5‐years OS of 77% for the

overall MZL cohort are in line with those reported from other

population‐based studies revealing 5‐years OS rates/estimates of

61% (UK's HMRN, 2004–2014),11 72% (SEER, 1995–2009)13 and

84% (SEER, 2009–2017),12 respectively. With 69 years in median and

46% of patients ≥70 years, the age and age distribution of our cohort
is almost identical to that from SEER including patients diagnosed

between 1995 and 2009 (median age of 68 years; 45% of patients

≥70 years),13 while patients from the later SEER cohort (2009–2017)

are younger (median age of 64 years)12 and those from the UK's

HMRN study older (median age of 72 years).11 Of note, the pro-

portion of patients presenting with stage III/IV is almost twice as high

in the overall cohort of our analysis compared to that from the SEER

cohorts (67% vs. 34%12,13), which might be explained by the fact that

within SEER also patients receiving local therapy (surgery or radio-

therapy) have been enrolled, while the proportion of patients

requiring systemic treatment is not clear.

From SEER and the UK's HMRN study, no data on the type of

systemic treatment are available. In a most recent retrospective

Italian study on 65 patients with untreated MZL receiving median

6 cycles bendamustine‐rituximab, the ORR was 89%, the estimated

5‐years PFS approximately 70% and the OS at 68 months was 85%.42

Although the 5‐years OS and ORR (81%) revealed by our data are

lower, the 5‐years PFS of 67% is similar and almost identical to the

66% reported from the BRIGHT trial.30 The ORR reported from the

existing RCTs ranged from 91% to 100%.29,32,33 Any direct compar-

isons of such results, however, are biased: for example, with 66 years

in median, patients from the Italian study are younger as compared to

those from our cohort. Also, the Italian data resulted from retro-

spective analysis,42 while we present analyses from prospectively

collected data. In addition, differences in patient characteristics be-

tween non‐selected patients from routine practice and selected pa-

tients from RCTs are much more pronounced, so that a direct

comparison of both patient populations is methodically not

appropriate.

Regarding the different MZL subtypes, in SEER, 5‐years OS

was higher for MALT MZL (75%13/87%12) than for NMZL (64%13/

78%12) and SMZL (68%13/80%12). According to our results, there

was also a tendency towards a higher 5‐years OS for MALT

compared to non‐MALT MZL (79% vs. 75%). However, as also

reported from SEER, differences in patient demographics and

clinical characteristics between the subgroups must be consid-

ered,13 for example presence of B symptoms, bone marrow

involvement, lower hemoglobin levels, elevated LDH levels and

Ann Arbor stage III/IV being more frequently documented in pa-

tients with non‐MALT MZL.

In the current analysis, higher age was found to significantly in-

crease the risk of mortality (for all subgroups) confirming the

important role of age as prognostic factor for MZL revealed by

retrospective and prospective studies.12,13,34,43,44

T A B L E 3 (Continued)

Overall survival

Variable Patients n (%) HR (95% CI) p‐value

Increased LDH

Yes 38 (32.5%) Reference ‐

No 75 (64.1%) 2.33 (0.91–5.96) 0.077

Unknown 4 (3.4%) 0.00 (0.00–NA) 0.992

Spleen involvement

Yes 31 (26.5%) Reference ‐

No 86 (73.5%) 0.37 (0.13–1.02) 0.055

Bone marrow involvement

Yes 50 (42.7%) Reference ‐

No 67 (57.3%) 2.16 (0.83–5.62) 0.114

Note: Backwards selection by minimizing Akaike information criterion (AIC) was chosen for variable selection. Models fitting best to the data have been

selected and are presented here. Some percentages might not add up to 100% due to rounding.

Abbreviations: CI, confidence interval; HR, hazard ratio; y, year; LDH, lactate dehydrogenase; MALT, mucosa‐associated lymphoid tissue; MZL, marginal

zone lymphoma; NA, not applicable; OS, overall survival; PFS, progression‐free survival.
*Significant results (p < 0.05).
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5 | CONCLUSION

These prospective data provide important insights into the man-

agement and survival of patients with MZL treated in German

routine practice. At a time when comprehensive guidelines were

missing, our findings show that rituximab‐bendamustine was the

most commonly used first‐line and second‐line treatment for MALT

and non‐MALT MZL. Survival rates of patients with MALT MZL

tended to be slightly higher compared with those of patients with

non‐MALT MZL. Age was found to be a significant prognostic factor

for mortality confirming the results of previous retrospective and

prospective studies. When only few clinical phase III trials are

available, real world data can help optimize treatment

recommendations.
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