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Preamble

§ There is only one drug specifically FDA-approved for MZL
§ Most data is derived from underpowered subset analyses in trials of indolent 

lymphomas 

§ Rarity and heterogeneity of MZL complicates clinical trial development 

§ Evaluating extranodal disease using Lugano criteria is challenging
§ Management of relapsed/refractory disease is an area of unmet need 



Cerhan and Haberman Ann Lymphoma 2021 Mar:5:1
Teras et al. CA Cancer J Clin (2016) 66: 443-459

• 3rd most common mature B-NHL  
(~7500 new/year in US) 

• Frequent stage IE presentation
• Indolent course 
• ~90% 5-year survival 

Gastric Non-gastric

Nodal MZL
1-30%

Splenic 
MZL

9-30%

Extranodal MZL of 
MALT tissue

~60%

Three clinical presentations/subtypes

Marginal zone lymphoma: epidemiology and clinical 
subtypes 

Overall incidence of MZL is increasing 
SMZL is increasing 
Gastric MZLs are decreasing
(Rossi and Zucca NEJM 2022) 



Pathology and Immunophenotype

Shared features:                                                                                                  
clonal expansion of centrocyte-like and monocytoid-like B-cells from 

marginal zone with interfollicular expansion, scattered immunoblasts*                                                                                                       

Immunophenotype:                                

Positive: CD20+CD79a+CD19+

Negative: CD5- CD10- CD23- BCL6- cyclinD1- MYD88 mutation-

Lymphoepithelial
lesion in EN MALT

Nodal MZL Splenic MZL



Shared and distinct pathogenetic abnormalities  

Rossi N Engl J Med. 2022 
Feb 10;386(6):568-581

Bertoni F1000Res. 2018 
Mar 28;7:406.

Balanced translocations  20% PTPRD mutations
Frequent NOTCH mutations, 

trisomies

25-30% 7q deletion
Frequent NOTCH mutations, 

trisomies

Unifying feature is 
deregulated NFkB signaling 
(with differing mechanisms)
--NFkB mutations in EN MZL
--methylation of KLF4 in SMZL 

Upregulation of 
BCL10, MALT1, 
BIRC3/MALT1

Balanced translocations
Upregulation of BCL10, 
MALT1, BIRC3/MALT1

20% PTPRD mutations
NOTCH mutations

Trisomies

25-30% 7q deletion 
NOTCH mutations

Trisomies
4 genetic clusters 

(NNK, DMT, CBS, FA)



Clinical spectrum and other features  
§ CBL-MZL—premalignant clonal B-cell lymphocytosis of marginal zone origin

§ A systemic disorder with similarities to NMZL and SMZL 
§ Precedes onset of MZL 

§ Pediatric subtype of nodal MZL 
§ IPSID (immunoproliferative small intestinal disease)

§ A form of MALT lymphoma 

§ Relapsed/refractory MZL 
§ Plasmacytic differentiation
§ Frequent paraprotein production (~30% of SMZL will have Ig paraprotein) 
§ paraneoplastic and autoimmune phenomena (20% of SMZL will have autoimmunity) 

§ Transformation of MZL to aggressive lymphoma 
§ 5-10% incidence 
§ Genomic classifiers suggest that DLBCL molecular subgroups C1 and BN2 might represent 

transformed MZL (associated with NOTCH and BCL6 translocations) 

6
Rossi N Engl J Med. 2022 Feb 10;386(6):568-581



Clinical Presentation depends on the subtype 

7

NMZLEN MZL SMZL
Splenic arginal Zone Lymphoma With Villous

Lymphocytes – Peripheral Blood - 6.
ASH image bank



Extranodal
(61%)
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Extraocular
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Skin

Clinical Presentations 

Cerhan JR and Habermann T. Ann Lymphoma (2021) 5:1.

Slide courtesy of Dr. Boyu Hu



HOW TO DETERMINE PROGNOSIS? 
AND WHAT IS THE RISK FOR TRANSFORMATION? 
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Revised MALT IPI 
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Methods: 
1. Developed in a large data set (n=397) by identifying candidate variables with highest prognostic 

association with PFS. 
2. Validated in two independent cohorts, from the University of Iowa/Mayo Clinic (n=297) and from 

IELSG-19 study (n=400)

Alderuccio Am J Hematol. 2022 Sep 19;97(12):1529–1537



Nodal MZL Clinical Presentation (MSKCC analysis, 
n=187 pts) 

§ Med age 62 years (IQR, 
50-69)

§ Clinical stage: 
41% limited stage 
59% advanced stage 

§ FLIPI (n = 139)
0-1: 61 (44%) 
2: 35 (25%)
> 3: 43 (31%)

Stuver Blood Adv (2023) 7 (17): 4838–4847.



POD24 and EFS12 portend poor prognosis for 
overall survival  

Outcome by POD24 Outcome by EFS12

Stuver Blood Adv (2023) 7 (17): 4838–4847.



Consensus for MZL IPI systems needed 

MALT-IPI
Revised MALT-IPI

SMZL IPI
FLIPI

IPI
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?
• Patients from prospective NF10 

study with TN MZL and receiving 
frontline systemic therapy were 
used to train a prognostic model 

• Primary endpoint: PFS from start 
of treatment

• External validation in pooled 
analysis of two independent 
cohorts from the University of 
Iowa/Mayo Clinic Molecular 
Epidemiology Resource and 
University of Miami

Arcaini eClinical Medicine Volume 72102592 June 2024



MZL-IPI: international prognostic analysis  
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Key prognostic factors: 
• LDH > ULN
• Hgb < 12g/dL
• ALC < 1000
• Plts < 100K
• MZL subtype (SMZL v. 

ENMZL v. NMZL/dissMZL)

Arcaini eClinical Medicine Volume 72102592 June 2024



MZL-IPI and PFS/OS (international cohort) 
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PFS OS
Arcaini eClinical Medicine Volume 72102592 June 2024



Risk for histologic transformation (HT) in MZL: 
MER and clinical trial dataset 
§ Method: evaluation of patients enrolled in MER (n=529) and meta-analysis of 12 clinical trials 

(N=6161) 

§ HR for death after HT is 3.95 

§ Risk for HT varies by subtype in MER and clinical trial cohorts: 
EMZL (3% and 5%) 
SMZL (7% and 13%) 
NMZL (9% and 13%)

Bommier Blood Advances Volume 8, Issue 23, 10 December 2024, Pages 5939-594



Risk for histologic transformation (HT) in MZL: 
population-based analysis from Netherlands (n=1793)
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Elevated LDH and nodal MZL subtype at MZL diagnosis
associated with an increased risk of HT

NMZL

SMZL

EN MZL

Risk for transformation 
by subtype 

Survival by 
transformation status 

Bult Blood Ca J 13, Article number: 130 (2023)



SHOULD PET SCANS BE USED FOR STAGING? 
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Role of PET/CT staging in MZL
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“Therefore, the consensus was that PET-CT 
should be recommended for routine staging of 
FDG-avid, nodal lymphomas (essentially all 
histologies except chronic lymphocytic 
leukemia/small lymphocytic lymphoma, 
lymphoplasmacytic lymphoma/Waldenstrom’s 
macroglobulinemia, mycosis fungoides, and 
marginal zone NHLs, unless there is a 
suspicion of aggressive transformation) as the 
gold standard”

LUGANO 2014 

***MZL is only mentioned ONCE in 
the entire manuscript***

Role of PET-CT for staging
PET-CT should be used to select best site to 
biopsy in clinical practice and clinical trials but is 
not routinely recommended in lymphomas with 
low FDG avidity

ICML 2014 

Cheson JCO 2014 Sep 20;32(27):3059-68; Barrington JCO 2014 Sep 20;32(27):3048-58



PET/CT is sensitive for EN MZL except for skin 
locations 

20

Blood pool Liver

Alderuccio Am J Hem 2025 Aug;100(8):1295-1304

“This study demonstrates that EMZL is commonly an 
FDG-avid disease, suggesting that PET/CT should be 
routinely used in the staging and response assessment 
workup of patients with EMZL”



ICML Lugano conference 2025 update 
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“Given the variable FDG avidity in marginal zone lymphoma according to subtype, 
location, and volume of disease, it was suggested that PET/CT and ceCT and 
could be used for staging, and then response assessed only with PET/CT if avid
at baseline.”

Cheson Hematol Oncol. 2025 Jul;43(4):e70103



TREATMENT

22



General Treatment Approach
§ Patients with localized disease 

Eradication of antigenic trigger 
ISRT +/- rituximab 
Rituximab +/- RT 

§ Patients with systemic disease 
Treatment is based on GELF/NCCN/ESMO criteria
Observation of asymptomatic patients 
Treatment options for symptomatic patients 

§ Rituximab monotherapy +/- maintenance rituximab
§ Chemoimmunotherapy (i.e. BR)
§ Relapsed disease: 

§ Lenalidomide-rituximab
§ Approved new agents and approaches include BTKi, CAR-T
§ Emerging agents include bispecific antibodies, antibody drug conjugates 



ANTIMICROBIAL TREATMENT
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EN MZL disease site and common genetic 
alterations/balanced translocations 

Key points: 
• t(11;18) predicts for resistance to 

antimicrobial treatment in gastric EN 
MZL

• H. pylori eradication is standard of 
care for gastric EN MZL (and 
reasonable to try even if H. pylori 
testing is negative)

• Eradication of Hepatitis C is 
important in splenic MZL (but usually 
not definitive treatment) 

Schrueder J Hematop. 2017 Sep 25;10(3-4):91-107

SITE ANTIGENIC 
ASSOCIATION

GENETIC ALTERATION

Stomach H. Pylori MALT1, FOXP1, BCL10, MALT1, 
TNFAIP3 inact

Intestinal Campylobacter jejuni MALT1, BCL10

Cutaneous Borrelia Burgdorferi FOXP1, MALT1, 

Ocular adnexal Chlamydia psittaci FOXP1, MALT1, TNFAIP3 inact

Pulmonary Achromonas
xylosoxidans

MALT1, BCL10, TNFAIP3 inact

Salivary gland Sjogren’s disease MALT1, BCL10, TNFAIP3 inact

Thyroid Hashimoto’s 
thyroiditis

FOXP1, MALT1, TNFAIP3 inact



TREATMENT OF LIMITED STAGE DISEASE
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Definitive radiotherapy in indolent B-NHL: 24Gy vs. 
4Gy (FORT trial) 

Method: 
• 614 target sites in 548 patients 

were randomly assigned either 24 
Gy in 12 fractions (n=299) or 4 Gy 
in two fractions (n=315)

• Only 84 pts with MZL
• MZL and FL pts not 

separated 
• median follow-up 73.8 months 
• Progression events: 27 in the 24 

Gy group vs 90 in the 4 Gy group

27

24Gy

4Gy

Hoskin Lancet Oncology Volume 22, Issue 3p332-340March 2021

NCCN and ESMO guidelines suggest 24Gy as the 
recommended treatment dose 



Ultra low-dose radiotherapy for gastric EN MZL? 
§ N=24, single center analysis (MD Anderson Cancer Center)

§ Mix of newly-diagnosed and relapsed HPE neg gastric EN MZL 

§ Patients treated with 4Gy
àif CR, no more treatment (n=20)
à if PR, re-eval at 6-9m 
à if persistent disease or PD, give 20Gy

Gunther Lancet Haematology Volume 11, Issue 7e521-e529July 2024



Observation after full resection 
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Pediatric NMZL and EN MZL after full resection Pulmonary EN MZL after full resection 

Ronceray Ped Blood Cancer 2018 Apr;65(4); Joffe Blood Adv (2021) 5 (2): 345–351



INITIAL TREATMENT OF ADVANCED STAGE DISEASE
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There are limited clinical trial data for patients with 
MZL 

31

Alderuccio and Noy Blood 147 (2) 115



Rituximab monotherapy is active (but lower 
efficacy compared to FL)  

4 doses of rituximab in EN 
MZL (n=59)

Conconi Blood (2003) 102 (8): 2741–2745; Kalpadakis Blood (2018) 132 (6): 666–670; Martinelli J Clin Oncol 2005 
Mar 20;23(9):1979-83; Mazzoni Eur J Haematol 2025 Jan;114(1):70-78

4 doses of rituximab in gastric EN MZL (n=27)
46% CR rate

Decreased efficacy in relapsed disease



Rituximab has replaced splenectomy for initial 
treatment of SMZL 

33

Rituximab monotherapy as a splenectomy-sparing approach

Conconi Blood (2003) 102 (8): 2741–2745; Kalpadakis Blood (2018) 132 (6): 666–670; Martinelli J Clin Oncol 2005 
Mar 20;23(9):1979-83; Mazzoni Eur J Haematol 2025 Jan;114(1):70-78



Maintenance rituximab improves PFS, TTNT and duration 
of response (RESORT trial)

.

Small lymphocytic lymphoma has low level CD20 expres-

sion and showed lower ORR and CR compared to FL in the

original pivotal rituximab trial (McLaughlin et al, 1998). This

has been confirmed in the present study, with 22!8% PR and

no CR among 57 patients. However, SLL responders benefit-

ted from MR versus RR, with no MR patient progressing to

cytotoxic therapy during the time of follow-up despite the

fact that no patient achieved CR with maintenance therapy.

Treatment in both the MR and RR arms was well toler-

ated, with infrequent grade ≥3 toxicities. The occurrence of

second primary cancers in both this non-follicular patient

cohort and in the FL patients treated on this study (Kahl

et al, 2014) was relatively high. It is unclear whether the

explanation for this observation relates to the underlying

indolent lymphoma, age of the study population or an

association with anti-CD20 therapy, and warrants further

investigation.

Obinutuzumab (GA101), the first type 2 anti-CD20 thera-

peutic monoclonal antibody, was recently shown to provide

higher ORR when given in combination with chlorambucil

Fig 4. Kaplan–Meier estimate for time to first
cytotoxic therapy for 52 patients with small
lymphocytic or marginal zone lymphoma,
including 2 with unclassifiable indolent B-cell
lymphoma, who responded to induction ther-
apy with rituximab. FU, follow-up.

Fig 3. Kaplan–Meier Estimate for duration of
response for 51 patients (data missing for 1
case) with small lymphocytic or marginal zone
lymphoma, including 2 patients with unclassifi-
able indolent B-cell lymphoma. FU, follow-up.

M. E. Williams et al.

872 ª 2016 John Wiley & Sons Ltd
British Journal of Haematology, 2016, 173, 867–875
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q week ´ 4
CR or PD

Rituximab
maintenance*

375 mg/m2

q 3 months
N = 299

Small lymphocytic lymphoma has low level CD20 expres-

sion and showed lower ORR and CR compared to FL in the

original pivotal rituximab trial (McLaughlin et al, 1998). This

has been confirmed in the present study, with 22!8% PR and

no CR among 57 patients. However, SLL responders benefit-

ted from MR versus RR, with no MR patient progressing to

cytotoxic therapy during the time of follow-up despite the

fact that no patient achieved CR with maintenance therapy.

Treatment in both the MR and RR arms was well toler-

ated, with infrequent grade ≥3 toxicities. The occurrence of

second primary cancers in both this non-follicular patient

cohort and in the FL patients treated on this study (Kahl

et al, 2014) was relatively high. It is unclear whether the

explanation for this observation relates to the underlying

indolent lymphoma, age of the study population or an

association with anti-CD20 therapy, and warrants further

investigation.

Obinutuzumab (GA101), the first type 2 anti-CD20 thera-

peutic monoclonal antibody, was recently shown to provide

higher ORR when given in combination with chlorambucil

Fig 4. Kaplan–Meier estimate for time to first
cytotoxic therapy for 52 patients with small
lymphocytic or marginal zone lymphoma,
including 2 with unclassifiable indolent B-cell
lymphoma, who responded to induction ther-
apy with rituximab. FU, follow-up.

Fig 3. Kaplan–Meier Estimate for duration of
response for 51 patients (data missing for 1
case) with small lymphocytic or marginal zone
lymphoma, including 2 patients with unclassifi-
able indolent B-cell lymphoma. FU, follow-up.

M. E. Williams et al.

872 ª 2016 John Wiley & Sons Ltd
British Journal of Haematology, 2016, 173, 867–875

QOL results are based on an aggregated sample (follicular

and non-follicular) due to the sample size and are presented

separately (Wagner et al, 2015).

Resource utilization

Accounting for all administered rituximab doses for the 52

patients randomized to step 2, including the 4 induction

doses, patients assigned to RR received an average of 5!74
doses (range 4–12, median 4) while those in the MR arm

received, on average, 18!5 doses (range 5–31, median 19).

Discussion

Achieving and maintaining durable remission in patients

with advanced-stage SLL and MZL remains an unmet

challenge in lymphoma patient care. Historically, patients

with symptomatic disease received chemotherapy or

immuno-chemotherapy, while asymptomatic patients were

followed and treated at the time of disease progression.

Immunotherapy with rituximab has shown single-agent

activity and an acceptable safety profile in previously

untreated patients and in those with relapsed disease (Con-

coni et al, 2003; Hainsworth et al, 2005; Kalpadakis et al,

2013). The present study sought to extend this experience in

a multicentre, cooperative group setting with the rationale

that asymptomatic patients with low tumour burden would

be optimal for standard single-agent rituximab induction

therapy. The experimental phase of this exploratory analysis

in SLL and MZL tested the hypothesis that MR would

prolong disease control and delay the time to traditional cyto-

toxic treatment, either chemotherapy or radiation therapy.

Table III. Reasons for treatment failure after
randomization to retreatment rituximab or
maintenance rituximab.

Assigned treatment

arm Total

RR, n MR, n n %

Failure type

Adverse event/side effect/complications – 2 2 6!1
Patient withdraw/refuse 3 5 8 24!2
Alternative therapy 5 – 5 15!2
Other disease 1 3 4 12!1
No response (arm A) 2 – 2 6!1
Time to progression ≤6 months 7 3 10 30!3
Other – 2 2 6!1

Total 18 15 33 100!00

RR, retreatment rituximab; MR, maintenance rituximab.

Fig 2. Kaplan–Meier estimate for time to
rituximab failure for 52 patients with small
lymphocytic or marginal zone lymphoma,
including 2 with unclassifiable indolent B-cell
lymphoma. FU, follow-up.

Rituximab Scheduling Trial in Indolent B-Cell Lymphomas

ª 2016 John Wiley & Sons Ltd 871
British Journal of Haematology, 2016, 173, 867–875

TTF DR Time to 1st 
cytotoxic chemo

No diff 
in OS

Williams Br J Haematol. 2016 Jun;173(6):867-75

CR/PR



Largest RP3 trial in MZL (IELSG-19): R-chl is superior to 
chl AND to rituximab monotherapy

Time-Related End Point Analysis
Median follow-up of the entire study cohort (N = 401) was 7.4

years (interquartile range, 5.6 to 9.7 years) and, as a result of the
later addition of the third arm, it was longer in arms A and B (9.3
years; interquartile range, 6.8 to 10.3 years) than in arm C (5.7
years; interquartile range, 4.8 to 6.5 years).

Median EFS, the main end point of the study, was 8.6 years in
the whole cohort, but was significantly shorter for patients who
were treated with chlorambucil alone (5.1 years) or with rituximab
alone (5.6 years) compared with those who received rituximab plus
chlorambucil (median EFS not reached; P = .0009). Compared
with chlorambucil alone, addition of rituximab resulted in sig-
nificant reduction of the risk of EFS events (hazard ratio [HR],
0.54; 95% CI, 0.38 to 0.77), whereas rituximab alone showed
a nearly identical risk (HR, 0.97; 95% CI, 0.69 to 1.35). The 5-year
EFS in patients who were treated with combination therapy was
68% (95% CI, 60 to 76), 51% in those who received chlorambucil
alone (95% CI, 42 to 60), and 50% in those who were treated with
rituximab alone (95% CI, 42 to 59; Fig 3A).

Median PFS was significantly better (P = .0119) in patients
who were treated with combination therapy: median not reached
versus 8.3 years and 6.9 years for chlorambucil and rituximab
alone, respectively. HR for the combination armwas 0.62 (95% CI,

0.42 to 0.93), whereas rituximab alone produced an outcome (HR,
1.10; 95% CI, 0.76 to 1.59) that was similar to chlorambucil alone
(Fig 3B). The 5-year PFS in patients who were treated with
combination therapy was also superior (72%; 95% CI, 63 to 79) to
that after chlorambucil (59%; 95% CI, 50 to 68) or rituximab
(57%; 95% CI, 48 to 65).

Overall, 58 patients—20 in arm A, 25 in arm B, and 13 in arm
C—have died. Causes of death are described in Table 3. There was
no significant difference in OS (P = .464) between treatment arms
(Fig 3C). The 5-year OS rate was 90% (95% CI, 83 to 94) in
patients who were treated with combination therapy, 89% after
chlorambucil alone (95% CI, 82 to 93), and 92% after rituximab
(95% CI, 86 to 96).

Histologic transformation during the trial was reported in 10
patients (two in arm A, six in arm B, and two in arm C), and six
have died (four of six patients as a result of disease progression of
aggressive lymphoma). Second primary malignancies were re-
ported in 34 patients (14 in arm A, nine in arm B, and 11 in arm C;
P = .512): 27 solid tumors, four second B-cell neoplasms (one
acute lymphoblastic leukemia, one chronic lymphocytic leukemia,
and one mantle cell lymphoma), and three myeloid neoplasms.

Impact of Patient Characteristics on Outcome
In univariate analysis, IPI score and the presence of lymph

node involvement demonstrated a statistically significant effect on
EFS, PFS, and OS in the whole cohort, whereas primary gastric
origin had an impact only on EFS and PFS. Conversely, there was
no impact for prior local treatment (Appendix Table A2, online
only). In multivariate analysis of EFS and PFS (Cox proportional
hazards regression model that included treatment in arm B and the
stratification factors that had statistical significance at univariate
analysis), the type of treatment remained significantly associated
with EFS and PFS after controlling for nodal involvement, IPI group,
and primary site (Appendix Table A3, online only). In a similar Cox
proportional hazards regression model for OS—excluding primary
anatomic site—only the IPI group retained a significant impact
(Appendix Table A3).

In addition to better EFS and PFS, the CR rate was also
significantly (P = .015) higher in gastric (72%; 95% CI, 65 to 79)
versus primary nongastric lymphomas (61%; 95% CI, 54 to 67);
however, the gastric lymphoma group had a significantly higher
rate of patients with localized disease (stage I disease in 60% v 30%;
P , .001), whereas the nongastric group comprised a variety of

Table 2. Response to Treatment

Response

All Patients
(N = 401)

Arm A
Chlorambucil (n = 131)

Arm B
Chlorambucil Plus Rituximab

(n = 132)
Arm C

Rituximab (n = 138)

No. % (95% CI) No. % (95% CI) No. % (95% CI) No. % (95% CI)

Complete remission* 264 65.8 (61.0 to 70.5) 83 63.4 (54.5 to 71.6) 104 78.8 (70.1 to 85.4) 77 55.8 (47.0 to 64.2)
Partial remission 81 20.2 (16.4 to 24.5) 29 22.1 (15.3 to 30.2) 21 15.9 (10.1 to 23.3) 31 22.5 (15.8 to 30.3)
Stable disease 28 7.0 (4.7 to 9.9) 11 8.4 (4.3 to 14.5) 1 0.8 (0.02 to 4.1) 16 11.6 (6.8 to 18.1)
Progressive disease 23 5.7 (3.7 to 8.5) 7 5.3 (2.2 to 10.7) 4 3.0 (0.8 to 7.6) 12 8.7 (3.0 to 12.0)
Not assessed 5 1.3 (0.4 to 2.9) 1 0.8 (0.02 to 4.2) 2 1.5 (0.2 to 5.4) 2 1.5 (0.2 to 5.1)
Overall response rate * 345 86.0 (82.2 to 89.3) 112 85.5 (78.3 to 91.0) 125 94.7 (89.4 to 97.8) 108 78.3 (70.4 to 84.8)

*P , .001.

Log-rank test, P = .071
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Arm C (rituximab)
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HR, 0.70 (95% CI, 0.43 to 1.12)
HR, 1.23 (95% CI, 0.77 to 1.96)

Fig 2. Kaplan-Meier estimates of response duration (RD) according to treatment
arm in the 345 patients who achieved a response (partial response, n = 81;
complete response, n = 264). HR, hazard ratio.
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Time-Related End Point Analysis
Median follow-up of the entire study cohort (N = 401) was 7.4

years (interquartile range, 5.6 to 9.7 years) and, as a result of the
later addition of the third arm, it was longer in arms A and B (9.3
years; interquartile range, 6.8 to 10.3 years) than in arm C (5.7
years; interquartile range, 4.8 to 6.5 years).

Median EFS, the main end point of the study, was 8.6 years in
the whole cohort, but was significantly shorter for patients who
were treated with chlorambucil alone (5.1 years) or with rituximab
alone (5.6 years) compared with those who received rituximab plus
chlorambucil (median EFS not reached; P = .0009). Compared
with chlorambucil alone, addition of rituximab resulted in sig-
nificant reduction of the risk of EFS events (hazard ratio [HR],
0.54; 95% CI, 0.38 to 0.77), whereas rituximab alone showed
a nearly identical risk (HR, 0.97; 95% CI, 0.69 to 1.35). The 5-year
EFS in patients who were treated with combination therapy was
68% (95% CI, 60 to 76), 51% in those who received chlorambucil
alone (95% CI, 42 to 60), and 50% in those who were treated with
rituximab alone (95% CI, 42 to 59; Fig 3A).

Median PFS was significantly better (P = .0119) in patients
who were treated with combination therapy: median not reached
versus 8.3 years and 6.9 years for chlorambucil and rituximab
alone, respectively. HR for the combination armwas 0.62 (95% CI,

0.42 to 0.93), whereas rituximab alone produced an outcome (HR,
1.10; 95% CI, 0.76 to 1.59) that was similar to chlorambucil alone
(Fig 3B). The 5-year PFS in patients who were treated with
combination therapy was also superior (72%; 95% CI, 63 to 79) to
that after chlorambucil (59%; 95% CI, 50 to 68) or rituximab
(57%; 95% CI, 48 to 65).

Overall, 58 patients—20 in arm A, 25 in arm B, and 13 in arm
C—have died. Causes of death are described in Table 3. There was
no significant difference in OS (P = .464) between treatment arms
(Fig 3C). The 5-year OS rate was 90% (95% CI, 83 to 94) in
patients who were treated with combination therapy, 89% after
chlorambucil alone (95% CI, 82 to 93), and 92% after rituximab
(95% CI, 86 to 96).

Histologic transformation during the trial was reported in 10
patients (two in arm A, six in arm B, and two in arm C), and six
have died (four of six patients as a result of disease progression of
aggressive lymphoma). Second primary malignancies were re-
ported in 34 patients (14 in arm A, nine in arm B, and 11 in arm C;
P = .512): 27 solid tumors, four second B-cell neoplasms (one
acute lymphoblastic leukemia, one chronic lymphocytic leukemia,
and one mantle cell lymphoma), and three myeloid neoplasms.

Impact of Patient Characteristics on Outcome
In univariate analysis, IPI score and the presence of lymph

node involvement demonstrated a statistically significant effect on
EFS, PFS, and OS in the whole cohort, whereas primary gastric
origin had an impact only on EFS and PFS. Conversely, there was
no impact for prior local treatment (Appendix Table A2, online
only). In multivariate analysis of EFS and PFS (Cox proportional
hazards regression model that included treatment in arm B and the
stratification factors that had statistical significance at univariate
analysis), the type of treatment remained significantly associated
with EFS and PFS after controlling for nodal involvement, IPI group,
and primary site (Appendix Table A3, online only). In a similar Cox
proportional hazards regression model for OS—excluding primary
anatomic site—only the IPI group retained a significant impact
(Appendix Table A3).

In addition to better EFS and PFS, the CR rate was also
significantly (P = .015) higher in gastric (72%; 95% CI, 65 to 79)
versus primary nongastric lymphomas (61%; 95% CI, 54 to 67);
however, the gastric lymphoma group had a significantly higher
rate of patients with localized disease (stage I disease in 60% v 30%;
P , .001), whereas the nongastric group comprised a variety of

Table 2. Response to Treatment

Response

All Patients
(N = 401)

Arm A
Chlorambucil (n = 131)

Arm B
Chlorambucil Plus Rituximab

(n = 132)
Arm C

Rituximab (n = 138)

No. % (95% CI) No. % (95% CI) No. % (95% CI) No. % (95% CI)

Complete remission* 264 65.8 (61.0 to 70.5) 83 63.4 (54.5 to 71.6) 104 78.8 (70.1 to 85.4) 77 55.8 (47.0 to 64.2)
Partial remission 81 20.2 (16.4 to 24.5) 29 22.1 (15.3 to 30.2) 21 15.9 (10.1 to 23.3) 31 22.5 (15.8 to 30.3)
Stable disease 28 7.0 (4.7 to 9.9) 11 8.4 (4.3 to 14.5) 1 0.8 (0.02 to 4.1) 16 11.6 (6.8 to 18.1)
Progressive disease 23 5.7 (3.7 to 8.5) 7 5.3 (2.2 to 10.7) 4 3.0 (0.8 to 7.6) 12 8.7 (3.0 to 12.0)
Not assessed 5 1.3 (0.4 to 2.9) 1 0.8 (0.02 to 4.2) 2 1.5 (0.2 to 5.4) 2 1.5 (0.2 to 5.1)
Overall response rate * 345 86.0 (82.2 to 89.3) 112 85.5 (78.3 to 91.0) 125 94.7 (89.4 to 97.8) 108 78.3 (70.4 to 84.8)

*P , .001.

Log-rank test, P = .071
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Fig 2. Kaplan-Meier estimates of response duration (RD) according to treatment
arm in the 345 patients who achieved a response (partial response, n = 81;
complete response, n = 264). HR, hazard ratio.
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Time-Related End Point Analysis
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years; interquartile range, 6.8 to 10.3 years) than in arm C (5.7
years; interquartile range, 4.8 to 6.5 years).

Median EFS, the main end point of the study, was 8.6 years in
the whole cohort, but was significantly shorter for patients who
were treated with chlorambucil alone (5.1 years) or with rituximab
alone (5.6 years) compared with those who received rituximab plus
chlorambucil (median EFS not reached; P = .0009). Compared
with chlorambucil alone, addition of rituximab resulted in sig-
nificant reduction of the risk of EFS events (hazard ratio [HR],
0.54; 95% CI, 0.38 to 0.77), whereas rituximab alone showed
a nearly identical risk (HR, 0.97; 95% CI, 0.69 to 1.35). The 5-year
EFS in patients who were treated with combination therapy was
68% (95% CI, 60 to 76), 51% in those who received chlorambucil
alone (95% CI, 42 to 60), and 50% in those who were treated with
rituximab alone (95% CI, 42 to 59; Fig 3A).

Median PFS was significantly better (P = .0119) in patients
who were treated with combination therapy: median not reached
versus 8.3 years and 6.9 years for chlorambucil and rituximab
alone, respectively. HR for the combination armwas 0.62 (95% CI,

0.42 to 0.93), whereas rituximab alone produced an outcome (HR,
1.10; 95% CI, 0.76 to 1.59) that was similar to chlorambucil alone
(Fig 3B). The 5-year PFS in patients who were treated with
combination therapy was also superior (72%; 95% CI, 63 to 79) to
that after chlorambucil (59%; 95% CI, 50 to 68) or rituximab
(57%; 95% CI, 48 to 65).

Overall, 58 patients—20 in arm A, 25 in arm B, and 13 in arm
C—have died. Causes of death are described in Table 3. There was
no significant difference in OS (P = .464) between treatment arms
(Fig 3C). The 5-year OS rate was 90% (95% CI, 83 to 94) in
patients who were treated with combination therapy, 89% after
chlorambucil alone (95% CI, 82 to 93), and 92% after rituximab
(95% CI, 86 to 96).

Histologic transformation during the trial was reported in 10
patients (two in arm A, six in arm B, and two in arm C), and six
have died (four of six patients as a result of disease progression of
aggressive lymphoma). Second primary malignancies were re-
ported in 34 patients (14 in arm A, nine in arm B, and 11 in arm C;
P = .512): 27 solid tumors, four second B-cell neoplasms (one
acute lymphoblastic leukemia, one chronic lymphocytic leukemia,
and one mantle cell lymphoma), and three myeloid neoplasms.

Impact of Patient Characteristics on Outcome
In univariate analysis, IPI score and the presence of lymph

node involvement demonstrated a statistically significant effect on
EFS, PFS, and OS in the whole cohort, whereas primary gastric
origin had an impact only on EFS and PFS. Conversely, there was
no impact for prior local treatment (Appendix Table A2, online
only). In multivariate analysis of EFS and PFS (Cox proportional
hazards regression model that included treatment in arm B and the
stratification factors that had statistical significance at univariate
analysis), the type of treatment remained significantly associated
with EFS and PFS after controlling for nodal involvement, IPI group,
and primary site (Appendix Table A3, online only). In a similar Cox
proportional hazards regression model for OS—excluding primary
anatomic site—only the IPI group retained a significant impact
(Appendix Table A3).

In addition to better EFS and PFS, the CR rate was also
significantly (P = .015) higher in gastric (72%; 95% CI, 65 to 79)
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rate of patients with localized disease (stage I disease in 60% v 30%;
P , .001), whereas the nongastric group comprised a variety of
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MZL patients with 
no prior systemic 
therapy (n=454)

Chl 6mg/m2 (n=151)

Chl 6mg/m2 plus R weekly x 
4, then monthly x 4(n=152)

R weekly x 4, 
then monthly x 4 (n=151)



Bendamustine plus rituximab in TN MZL
Articles
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R-CHOP for the primary endpoint. With an assumed 
equal effi  cacy of both treatment groups, a hypothetical 
inferi ority of bendamustine plus rituximab with a 
progression-free survival rate of 40% versus a rate of 
50% or more with R-CHOP after 3 years (corresponding 
to a non-inferiority margin of 10% and a hazard ratio 
of 1·32) had to be excluded with 95% confi dence and a 
power of 80%. Therefore, 224 patients were needed 
per group, with a recruitment time of 4 years. We 

intentionally over-recruited patients because of a delay 
in primary events com pared with original expectations. 
Analysis was per protocol.

We used the Kaplan-Meier method to estimate 
survival curves, applied the log-rank test for 
comparisons, and used the Cox proportional hazards 
model with a step wise backward variable selection 
approach (p<0·1) for multivariate analysis and to obtain 
hazard ratios with confi dence intervals. We used 
Fisher’s exact or χ² tests to compare toxic eff ects and 
rates of G-CSF use. Except for the primary endpoint, all 
statistical tests that included subgroup and interaction 
analyses were exploratory and not prospectively defi ned; 
we made no adjustments for multiplicity. All tests were 
two-sided.

This trial is registered with Clinical Trials.gov, 
number NCT00991211, and with the Federal Institute 
for Drugs and Medical Devices of Germany, BfArM 
4021335.

Role of the funding source
The sponsors of the study had no role in study 
design, data collection, data analysis, data interpre-
tation, or writing of the report. The corresponding 
author had full access to all the data in the study and 
had fi nal responsibility for the decision to submit 
for publication. 
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Figure 3: Progression-free survival in histological subtypes of follicular lymphoma (A), mantle-cell lymphoma (B), marginal-zone lymphoma (C), and 
Waldenstrom’s macroglobulinaemia (D)
B-R=bendamustine plus rituximab. R-CHOP=CHOP plus rituximab.

HR (95% CI) p value

Age (years)

≤60 (n=199) 0·52 (0·33–0·79) 0·002

>60 (n=315) 0·62 (0·45–0·84) 0·002

LDH concentration

Normal (n=319) 0·48 (0·34–0·67) <0·0001

Elevated (n=184) 0·74 (0·50–1·08) 0·118

FLIPI subgroup

Favourable (0–2 risk factors; n=143) 0·56 (0·31–0·98) 0·043

Unfavourable (3–5 risk factors; n=127) 0·63 (0.38–1·04) 0·068

PFS=progression-free survival. LDH=lactate dehydrogenase. FLIPI=Follicular 
Lymphoma International Prognostic Index. HR=hazard ratio.

Table 2: Exploratory subgroup analysis to assess the progression-free 
survival benefi t of bendamustine plus rituximab versus CHOP 
plus rituximab

Rummel Lancet 2013; Salar Blood 2018
those with nongastric MALT lymphoma had excellent EFS at 7 years
with RB (89.5%; [95% CI, 64.1-97.3] and 84.4% [95% CI, 66.5-93.2],
respectively; P5 .637; (Figure 1B); these results were superior to those
reported with R-chlorambucil (5-year EFS, 77%; [95% CI, 63-86] in
gastric and 63% [95% CI, 51-72] in extragastric disease). The estimated
7-year PFS with RB was 92.8% (95% CI, 81.9-97.2), with no sig-
nificant differences according to primary site of disease (Figure 1D),
stage, number of cycles received, or t(11;18); this result favorably
compares to that obtained by in IELSG-19 (5-year PFS, 72% [95%CI,
63-79]). Relapses occurred in 5 patients: 1 patient with gastric primary
site had a local relapse with diffuse large B-cell lymphoma (DLBCL)
transformation, and 4 with nongastric disease also relapsed (3 at a
different site from the original site of disease and 2 with DLBCL
transformation).

A total of 264 cycles of treatment were administered. Overall, RB
was well tolerated, with 36 patients (60%) experiencing$1 grade 3 or
4 AE during treatment, most commonly hematologic toxicities. Detailed
AEshavebeen reportedelsewhere.15Beyond thefirst 2yearsof follow-up
after the end of therapy, 3 patients had opportunistic infections (1 herpes

zoster, 1 cytomegalovirus, and 1 lung infection byNocardia). No case of
myelodysplastic syndrome or acute leukemia has been reported so far,
but other neoplasias were observed in 3 patients (1 tongue
epidermoid carcinoma, 1 gastrointestinal stromal tumor, and 1 granular
lymphoproliferative disorder of natural killer cells). In addition, 3
patients had nonmelanoma skin cancers. No deaths occurred during the
treatment period, but 3 patients died during follow-up, 2 as a result of
causes unrelated to lymphoma or treatment and 1 as a result of DLBCL
transformation.

Recently, a specific prognostic score for MALT lymphomas (called
MALT-IPI) was developed from the data of the IELSG-19 study21;
the resulting prognostic factors (age .70 years, elevated lactate
dehydrogenase anddisease stage.2, andpresence of 0, 1, or.1)were
able to discriminate 3 risk groups with significantly different EFS rates
(5-year EFS, 69.8%, 55.7%, and 28.7%, respectively) and significant
differences in PFS and OS. In our prospective trial, MALT-IPI also
identified 3 risk groups with significantly different 7-year EFS
(96%, 88%, and 50%, respectively) and PFS rates (100%, 91.8%, and
66.7%); (Table 1; Figure 1C).
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Figure 1. Survival curves. EFS in all patients (A) and according to primary site of involvement (B) and MALT lymphoma international prognostic index (MALT-IPI) (C); PFS in
all patients (D). Shading indicates 95% CIs (A,D).
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BRISMA-IELSG36 phase II study: MRD (via ddPCR) after 
BR is predictive of outcome  
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Obinutuzumab in MZL: GALLIUM subset analysis 
consistent with FL data

Results: Histological distribution was as follows: 69 marginal zone lym-

phomas (MZL), 6 lymphoplasmacytic lymphomas, 8 follicular lympho-

mas, 10 CLL/small lymphocytic lymphoma (SLL), 4 low‐grade NHL

non otherwise specified. All but thirteen patients received a

Sofosbuvir‐based regimen. Median duration of DAA therapy was

12 weeks (range 4‐24 weeks). A sustained virological response at week

12 after finishing DAAs (regarded as cure of HCV) was obtained in

99% of patients; overall LDR rate was 73% including 29 patients

(30%) achieving a complete response and 41 (43%), a partial response.

After a median follow up of 15 months, 2‐year progression‐free and

overall survival were 70% [95% confidence interval: 49% ‐ 83%] and

97% [88‐99%], respectively.

Conclusions: DAA therapy induces a high LDR rate in HCV‐associated

lymphoproliferative disorders and confirms the role of HCV in lympho-

magenesis. This chemotherapy‐free approach should be considered

first‐line therapy in patients without need of urgent treatment. Pro-

spective trials are eagerly awaited in this setting.

Keywords: hepatitis C; indolent lymphoma.
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ZONE LYMPHOMA (MZL)
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Introduction: Treatment options for advanced MZL include the anti‐

CD20 antibody rituximab (R) with chemotherapy (chemo). In the

randomised Phase III GALLIUM trial (NCT01332968), a preplanned

efficacy interim analysis in 1202 previously untreated FL pts demon-

strated that obinutuzumab (GA101; G) plus chemo prolonged PFS rel-

ative to R‐chemo (primary endpoint; Marcus 2016). MZL pts were also

enrolled to assess whether treatment effects are consistent with FL

pts; the analysis (cut‐off date, 31 January 2016) was not powered to

detect PFS differences.

Methods: Pts were aged ≥18 yrs with previously untreated MZL (prior

antibiotic/antiviral, surgery or radiation allowed), advanced disease

(stage III/IV or stage II with tumour diameter ≥ 7 cm), ECOG PS 0–2,

and requiring treatment according to the investigator (INV). Chemo

regimens (CHOP, CVP or bendamustine [B]) were allocated by pt. Pts

were randomised 1:1 (stratified by chemo, IPI group and geographical

region) to R 375 mg/m2 on day (D) 1 of each cycle (C) or G 1000 mg

on D1, 8 and 15 of C1 and D1 of subsequent cycles, for 6 or 8 cycles

depending on chemo. Pts with CR or PR at end of induction (EOI; mod-

ified Cheson 2007) continued to receive R or G every 2 months for

2 yrs or until progression.

Results: 195 MZL (nodal, 66; extranodal, 61; splenic, 68) pts were

randomised: G‐chemo (n = 99; median age 63 yrs, 55% male), R‐chemo

(n = 96, 62 yrs, 46% male). Most pts (83%) were Ann Arbor stage IV at

diagnosis; 49% were IPI high risk. At baseline, extranodal involvement,

bone marrow involvement, bulky disease and B‐symptoms were more

common in G‐chemo pts. In each arm, 88 pts received all induction

cycles; chemo received was B (71% pts), CHOP (16%) and CVP

(12%); 56 (G‐chemo) and 57 (R‐chemo) pts received 2 yrs' mainte-

nance. After 38.4 months' median observation time, there was no clin-

ically relevant difference in INV‐assessed PFS between the study arms

(HR, 0.82; 95% CL 0.45–1.46; p = 0.49); 3‐year PFS rates were 75% in

G‐chemo pts and 78% in R‐chemo pts. HRs for other time‐to‐event

endpoints (including OS) were consistent with the INV‐assessed PFS

outcome (Table). CR and ORR at EOI were similar for the two arms

(Table). More pts in the G‐chemo than the R‐chemo group had grade

3–5 AEs, SAEs and fatal AEs (Table).

TABLE 1 Summary of efficacy and safety

Efficacy (all randomised MZL pts)

Parameter G‐chemo (n=99) R‐chemo (n=96)

Median observation time
(range), months*

37.0 (0.6–54.4) 40.8 (0.2–52.8)

Number of PFS (INV) events
(%)

21 (21.2) 26 (27.1)

HR for PFS (INV), G vs R (95%
CL), p‐value†

0.82 (0.45, 1.46), p=0.49

HR for other time‐to‐event endpoints, G vs R (95% CL), p‐value†

PFS (IRC)‡ 0.83 (0.46, 1.51), p=0.55

Overall survival 0.90 (0.45, 1.81), p=0.78

Time to new anti‐lymphoma
treatment

0.85 (0.48, 1.50), p=0.57

Response at EOI by CT (INV)

CR, n (%) 16 (16.2) 18 (18.8)

ORR, n (%) 82 (82.8) 78 (81.3)

Safety (all randomised MZL pts who received at least one dose of study
drug)§

Number (%) of pts reporting
at least one event

G‐chemo(n=101) R‐chemo(n=93)

AEs 101 (100) 93 (100)

Grade ≥3 AEs 83 (82.2) 72 (77.4)

Neutropenia 46 (45.5) 34 (36.6)

Febrile neutropenia 4 (4.0) 9 (9.7)

(Continues)
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Selected ongoing clinical trials in 1L setting 

§ Pirtobrutinib plus rituximab NCT06390956
§ Epcoritamab monotherapy NCT06796998
§ Rituximab plus venetoclax NCT06510309
§ Mosunetuzumab monotherapy NCT06569680
§ Tafa-Len-R in FL and MZL NCT06792825



RELAPSED/REFRACTORY DISEASE 
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Treatment approach for relapsed/refractory MZL 

§ Retreatment with rituximab 
§ Bendamustine plus Obinutuzumab
§ Lenalidomide-rituximab 
§ BTKi
§ CAR-T
§ Emerging agents: bispecific antibodies 



PI3Ki: idelalisib in ref MZL (n=15) and umbralisib in 
rel/ref MZL (n=69) 

Gopal N Engl J Med. 2014 Mar 13;370(11):1008-18; Fowlder J Clin Oncol 2021 May 
20;39(15):1609-1618

ORR 49%; CR 16%
Possible better PFS 
and OS than FL 

PI3Kδ Inhibition by Idelalisib in Relapsed Indolent Lymphoma

n engl j med 370;11 nejm.org march 13, 2014 1013

pendent review committee, the response rate was 
57% (95% confidence interval, 48 to 66), with 71 
responses in 125 patients. A total of 7 patients 
(6%) had a complete response, 63 patients (50%) 
had a partial response, and 1 patient (1%) with 
Waldenström’s macroglobulinemia had a minor 
response. There was a high degree of concordance 
between the assessments of response by the in-
dependent review committee and the assess-
ments by the investigators, with 85% agreement 
with respect to overall response (Table S1 in the 
Supplementary Appendix, available at NEJM.org). 
The rates of response were consistent across sub-
groups, with favorable response rates observed 
regardless of the number of prior regimens, re-
fractoriness of the disease to the most recent 
prior therapy, refractoriness to bendamustine, dis-
ease subtype, bulky disease status, age, and sex 
(Fig. 2). The response rates ranged from 47 to 
80% in various subgroups. There was no correla-
tion of efficacy with pharmacokinetic measures 
(Fig. S2 in the Supplementary Appendix).

Responses were rapid and durable with con-
tinued administration of idelalisib. The median 
time to a response was 1.9 months (range, 1.6 to 
8.3) (Fig. 3A). The median duration of response 
was 12.5 months (range, 0.03 to 14.8) (Fig. 3B), 

exceeding the median duration of response (5.9 
months) in the group of 28 patients who had 
had a response to the most recent therapy before 
idelalisib. The median progression-free survival 
was 11.0 months (range, 0.03 to 16.6) (Fig. 3C), 
with 47% of the patients remaining progression-
free at 48 weeks. At the time of data cutoff, the 
median overall survival was 20.3 months (range, 
0.7 to 22.0) (Fig. 3D), and overall survival at 1 year 
was estimated to be 80%. The median follow-up 
time was 9.7 months.

Safety Profile
The median duration of treatment with idelalisib 
was 6.6 months (range, 0.6 to 23.9), and the mean 
(±SD) duration was 8.1±5.7 months. At the time 
of the data cutoff, 108 patients (86%) had received 
idelalisib at a dose of 150 mg twice daily for at 
least 2 months, and 68 patients (54%) had re-
ceived the drug for at least 6 months; treatment 
was ongoing for 40 patients (32%). The incidence 
rates of adverse events occurring during treatment 
in 10% or more of the patients are listed in Table 
2. The following events (all grades) occurred in 
more than 20% of patients: diarrhea (in 43%), 
fatigue (in 30%), nausea (in 30%), cough (in 29%), 
and pyrexia (in 28%). The most frequently re-
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Figure 1. Best Overall Response.

The best response with respect to tumor size during idelalisib treatment, according to assessment by an indepen-
dent review committee, is shown for the 125 patients in the study. Among the 122 patients with measurable lesions 
both at baseline and after baseline, 110 patients (90%) had improvements in lymphadenopathy, as assessed by 
changes in the sums of the products of the perpendicular dimensions (SPD) of index lesions. The dashed line shows 
the percentage change that represents the criterion for lymphadenopathy response, according to Cheson et al.25 
FL denotes follicular lymphoma, LPL/WM lymphoplasmacytic lymphoma with or without Waldenström’s macro-
globulinemia, MZL marginal-zone lymphoma, and SLL small lymphocytic lymphoma.
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Second malignancies were reported in fi ve patients 
older than 53 years after initiation of lenalidomide, 
with one case each of localised melanoma, ductal 
carcinoma in situ of the breast, multiple myeloma, 
localised prostate cancer, and recurrent bladder cancer. 
Six patients stopped treatment because of rituximab 
infusion reactions (n=2), rash (n=1), thrombotic events 
(n=1), grade 3 myalgia (n=1), and an episode of 
transient respiratory distress (n=1). No treatment-
related fatalities occurred.

An overall response was noted in 93 (90%, 95% CI 
83–95) of the 103 evaluable patients. 65 (63%, 95% CI 
53–72) of 103 patients had a CR, and 28 (27%, 19–37) had 
a PR. 28 events (progression or death) had occurred at 
the time of this analysis. Median PFS for the entire 
cohort was 53·8 months (95% CI 50·6–not available); 
3-year PFS was 75·3% (66·7–85·0), and estimated 3-year 
overall survival was 96·1% (91·9–100). Three patients 
died during follow-up: two of 50 in the follicular 
lymphoma group, and one of 30 in the small lymphocytic 
lymphoma group. Overall survival by histological 
subgroup is shown in fi gure 1A. In an intention-to-treat 
analysis of overall response, the proportion of patients 

who achieved an overall response was 85% (95% CI 
76–91), the proportion achieving a CR was 59% (95% CI 
49–68), and the proportion having a PR was 25% (95% CI 
18–35).

45 (98%, 95% CI 88–100) of 46 evaluable patients with 
follicular lymphoma had an overall response. 40 (87%, 
95% CI 74–95) patients had a CR (35, 76%, 61–87) or 
unconfi rmed CR (fi ve, 11%, 4–24) and fi ve (11%, 95% CI 
4–24) had a PR. 93 (90%) of 103 patients attained their 
best response within six cycles. As part of an exploratory 
analysis, pretreatment and post-treatment PET scans 
were obtained and were available for 45 patients with 
follicular lymphoma, of whom 44 (98%) were PET-scan 
positive before therapy. After treatment, 42 (93%) patients 
were PET-scan negative. Responses were noted 
irrespective of the FLIPI score, GELF criteria, and 
tumour bulk (data not shown). The median PFS had not 
been reached at a median follow-up of 40·6 months 
(range 1·8–61·6) in patients with follicular lymphoma. 
3-year PFS was 78·5% (95% CI 66·8–92·2; fi gure 1B); 
3-year overall survival was 94·4% (95% CI 87·2–100). Of 
44 patients evaluated for molecular response, 18 (41%) 
had detectable IGH-BCL2 fusion by PCR at baseline and, 

Figure 1: Kaplan-Meier curves of overall survival (A) and progression-free survival in patients with follicular (B), marginal zone (C), and small lymphocytic 
lymphoma (D) receiving lenalidomide plus rituximab
PFS=progression-free survival.
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Time-to-event analyses were done with the 
Kaplan-Meier method. For PFS analysis, patients were 
censored at the last follow-up date if neither progression 
nor death occurred. For the overall survival analysis, 
patients were censored at the last follow-up date if death 
did not occur. Median time to event, in months, with a 
95% CI, was calculated. The Wilcoxon signed-rank test 
was used to test whether the percentage change in a 
biomarker from baseline to after therapy was diff erent 
from zero. The association between response status and 
other patient characteristics was evaluated with Fisher’s 
exact test. All analyses were done with SAS (version 9.1.3) 
and S-PLUS (version 8.0).

The trial is registered with ClinicalTrials.gov, number 
NCT00695786.

Role of the funding source
The funders had no role in the study design, data 
gathering, analysis, or interpretation, or writing of the 
report. The investigators gathered and compiled the data, 
and were responsible for the statistical analyses and 
interpretation. The authors vouch for the completeness 
and veracity of the data, and the fi delity of the report in 
relation to the trial protocol. NHF, RED, SR, FS, and SSN 
had full access to all the data and had fi nal responsibility 
for the decision to submit for publication.

Results
Of the 110 patients enrolled, 50 (45%) had follicular 
lymphoma, 30 (27%) had marginal zone lymphoma, and 
30 (27%) had small lymphocytic lymphoma. Table 1 is a 
summary of the baseline characteristics of the patients. 
39 (78%) patients with follicular lymphoma had a 
Follicular Lymphoma International Prognostic Index 
(FLIPI) score of 2 or greater.32 All patients had stage III or 
IV disease, and 57 (52%) met the Groupe d’Etude des 
Lymphomes Folliculaires (GELF) criteria for high tumour 
burden.33 Seven patients were not evaluable for response 
because of adverse events in cycle 1 without response 
assessment (n=5), non-compliance (n=1), and withdrawal 
of consent (n=1); these patients were excluded from 
analyses of PFS, but included in overall survival analyses. 
Median follow-up for the analyses presented here was 
40·6 months (range 1·8–61·6).

The most frequent non-haematological adverse events 
(all grades, in >50% of patients) were fatigue, pain or 
myalgia, nausea or vomiting, irritation of the eyes, rash, 
and constipation (table 2). Most events were grade 1 or 2. 
Rash occurred in 64 (58%) patients, and was generally 
mild and self-limiting. The most common grade 3 or 4 
non-haematological adverse events, occurring in more 
than 2% of patients, were pain or myalgia (ten [9%]), 
rash (eight [7%]), cough, dyspnoea, or other pulmonary 
symptoms (fi ve [5%]), and fatigue and thrombosis (fi ve 
[5% each]; appendix). 31 (28%) patients required a dose 
reduction. Consistent with previous reports,34 we noted 
thyroid abnormalities in 25 (23%) patients (table 2); 

although most cases were associated with an 
asymptomatic rise in thyroid-stimulating hormone and 
normal free tri-iodothyronine and thyroxine, fi ve cases 
required hormone replacement therapy.

38 (35%) patients had grade 3 or 4 neutropenia 
(table 2), and fi ve (5%) had neutropenic fever. Four 
patients had grade 3 or 4 thrombocytopenia (table 2). 

Follicular 
lymphoma 
(n=50)

Marginal 
zone 
lymphoma 
(n=30)

Small 
lymphocytic 
lymphoma 
(n=30)

Age (years; median, range) 56 (35–84) 59 (36–77) 59 (34–76)

Sex, female 22 (44%) 18 (60%) 12 (40%)

Stage

III 23 (46%) 9 (30%) 0

IV 27 (54%) 21 (70%) 30 (100%)

High tumour burden (as per 
GELF)

27 (54%) 13 (43%) 14 (47%)

FLIPI score

0–1 11 (22%) ·· ··

2 25 (50%) ·· ··

3–5 14 (28%) ·· ··

Data are number (%), unless otherwise indicated. GELF=Groupe d’Etudes des 
Lymphomes Folliculaires. FLIPI=Follicular Lymphoma International Prognostic 
Index.

 Table 1: Baseline clinical characteristics of patients with indolent non-
Hodgkin lymphomas

Grade 1 Grade 2 Grade 3 Grade 4 All grades

Haematological

Anaemia 61 (55%) 8 (7%) 0 0 69 (63%)

Neutropenia 14 (13%) 32 (29%) 27 (25%) 11 (10%) 84 (76%)

Thrombocytopenia 48 (44%) 4 (4%) 3 (3%) 1 (<1%) 56 (51%)

Non-haematological

Constipation 31 (28%) 26 (24%) 0 0 57 (52%)

Cough, dyspnoea, pulmonary 
(other)

32 (29%) 17 (15%) 4 (4%) 1 (1%) 54 (49%)

Infusion reaction 6 (5%) 9 (8%) 2 (2%) 0 17 (15%)

Diarrhoea 35 (32%) 20 (18%) 0 0 55 (50%)

Dizziness 33 (30%) 14 (13%) 1 (<1%) 0 48 (44%)

Oedema 39 (35%) 7 (6%) 1 (<1%) 1 (<1%) 48 (44%)

Eye irritation 54 (49%) 11 (10%) 0 0 65 (59%)

Fatigue 45 (41%) 49 (45%) 4 (4%) 1 (<1%) 99 (90%)

Fever 34 (31%) 5 (5%) 1 (<1%) 0 40 (36%)

Memory impairment 27 (25%) 9 (8%) 1 (<1%) 0 37 (34%)

Mucositis 36 (33%) 1 (<1%) 0 0 37 (34%)

Nausea or vomiting 40 (36%) 27 (25%) 0 0 67 (61%)

Pain or myalgia 38 (35%) 40 (36%) 10 (9%) 0 90 (82%)

Peripheral neuropathy 32 (29%) 8 (7%) 1 (<1%) 0 41 (37%)

Rash 33 (30%) 23 (21%) 8 (7%) 0 64 (58%)

Thyroid abnormalities 15 (14%) 10 (9%) 0 0 25 (23%)

Upper respiratory infection 0 23 (21%) 2 (2%) 0 25 (23%)

Table 2: Adverse events (all grades) occurring in more than 10% of 110 patients

MARGINAL ZONE LYMPHOMA 
COHORT: 
ORR 89%
CR 67%

Med PFS 53.8 months
3-year PFS 87%



Lenalidomide plus rituximab: 
Multicenter Phase 2 (n=46)

Kiewswetter Blood 2017

Len 20mg/d plus 
rituximab x 6 cycles 

• Med age 64y
• Primary location of EN MZL: 

• 30% stomach
• 28% ocular adnexa
• 11% lung

• Minimal prior rituximab 
• Stage

• 61% localized disease
• 39% disseminated disease

RESULTS: 
• Med f/u 27 m with 91% PFS
• ORR 80%, CR 54%
• Mean number of cycles = 6 

If PR, 2 more cycles

If CR, no more 
treatment



AUGMENT TRIAL: R2 vs R mono shows no added 
benefit for MZL patients 

TABLE A3. Efficacy in Patients with Follicular Lymphoma

Variable
Lenalidomide + Rituximab

(n = 147)
Placebo + Rituximab

(n = 148) HR (95% CI)* P*

Best response, as assessed by IRC

ORR, No. (% [95% CI]) 118 (80 [73 to 86]) 82 (55 [47 to 64]) , .0001

CR, No. (% [95% CI]) 51 (35 [27 to 43]) 29 (20 [14 to 27]) .0040

PR, No. (%) 67 (46) 53 (36)

SD, No. (%) 14 (10) 44 (30)

PD/death, No. (%) 7 (5) 19 (13)

Not done/missing/no evidence of disease at baseline,
No. (%)

8 (5) 3 (2)

Median PFS, as assessed by IRC, months (95% CI) 39.4 (23.1 to NR) 13.9 (11.2 to 16.0) 0.40 (0.29 to 0.56) , .0001

Median PFS, as assessed by investigator, months (95%CI) 27.8 (22.1 to NR) 13.9 (11.4 to 16.8) 0.46 (0.34 to 0.63) , .0001

Median EFS as assessed by IRC, months (95% CI) 39.4 (22.3 to NR) 13.8 (11.0 to 16.0) 0.42 (0.31 to 0.58) , .0001

Median DOR, as assessed by IRC, months (95% CI) 36.6 (24.9 to NR) 15.5 (11.2 to 25.0) 0.44 (0.29 to 0.68) .0001

Median TTNLT, months (95% CI) NR (NR to NR) 28.2 (20.8 to NR) 0.43 (0.29 to 0.65) , .0001

OS probability at 2 years, % (95% CI) 95 (90 to 98) 86 (79 to 91) 0.45 (0.22 to 0.92) .02

Deaths, No. (%) 11 (7) 24 (16)

Abbreviations: CR; complete response; DOR, duration of response; EFS, event-free survival; HR, hazard ratio; IRC, independent review committee; NR, not
reached; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease; TTNLT, time to next
antilymphoma treatment.
*In subpopulation analyses, HR was estimated from Cox proportional hazard regression model, P value was obtained from Fisher exact t test for binary end

points and log-rank test for time-to-event end points.

TABLE A4. Efficacy in Patients With Marginal Zone Lymphoma

Variable
Lenalidomide + Rituximab

(n = 31)
Placebo + Rituximab

(n = 32) HR (95% CI)* P*

Best response, as assessed by IRC

ORR, No. (% [95% CI]) 20 (65 [45 to 81]) 14 (44 [26 to 62]) .1313

CR, No. (% [95% CI]) 9 (29 [14 to 48]) 4 (13 [4 to 29]) .1289

PR, No. (%) 11 (35) 10 (31)

SD, No. (%) 6 (19) 11 (34)

PD/death, No. (%) 0 4 (13)

Not done/missing/no evidence of disease at baseline,
No. (%)

5 (16) 3 (9)

Median PFS, as assessed by IRC, months (95% CI) 20.2 (16.0 to NR) 25.2 (11.1 to NR) 1.00 (0.47 to 2.13) .9984

Median PFS, as assessed by investigator, months (95%CI) 19.2 (13.9 to 30.4) 22.1 (8.7 to NR) 1.04 (0.54 to 2.01) .8918

Median EFS as assessed by IRC, months (95% CI) 20.2 (14.5 to NR) 25.1 (9.2 to NR) 1.18 (0.60 to 2.29) .6324

Median DOR, as assessed by IRC, months (95% CI) 17.4 (13.2 to NR) NR (8.4 to NR) 1.81 (0.56 to 5.84) .3111

Median TTNLT, months (95% CI) 25.8 (17.7 to NR) NR (21.6 to NR) 1.58 (0.68 to 3.67) .3057

OS probability at 2 years, % (95% CI) 82 (61 to 92) 94 (77 to 98) 2.89 (0.56 to 14.92)

Deaths, No. (%) 5 (16) 2 (6)

Abbreviations: CR; complete response; DOR, duration of response; EFS, event-free survival; HR, hazard ratio; IRC, independent review committee; NR, not
reached; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease; TTNLT, time to next
antilymphoma treatment.
*In subpopulation analyses, HR was estimated from Cox proportional hazard regression model, P value was obtained from Fisher exact t test for binary end

points and log-rank test for time-to-event end points.

© 2019 by American Society of Clinical Oncology Volume 37, Issue 14
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Ibrutinib in rel/ref MZL 

Noy Blood. 2017 Apr 20;129(16):2224-2232.

N=63
Med Age 66 y (30-92)
PS >1 30 (48%)
EN MZL 32 (51%)
SMZL 14 (22%)
NMZL 17 (27%)
> 2 prior Rx 40 (64%)
Ref to last systemic 
Tx

14 (22%)

Primary endpoint: ORR



Zanubrutinib in RR MZL: MAGNOLIA Study (n=68) 
single arm trial 

§ Key patient characteristics: 
Med age 70y, 27% over age 75y
77% EN disease 
10% had non-FDG avid disease 
MZL subtypes: EN MZL 38%, NMZL 38%, SMZL 18% 
Med 2L prior lines of therapy 

§ Results: med f/u 27.4 months, 
ORR 68.2; CR 26% 
24-month DOR 72.9%
24-month PFS 70.9% 
24-month OS 85.9% 

47

Opat Blood Adv 2023 Nov 28;7(22):6801-6811



Acalabrutinib monotherapy (n=43) 

§ Patient Characteristics 

§ Med age 69; 46% > 70y
§ Med 1 PLOT 

PFS

OS

ORR 
53%

CR 5%

Strati Br J Haematol 2022 Oct;199(1):76-85



Pirtobrutinib in RR MZL: Phase 1/2 BRUIN  

N=36
Med age 68y
Med PLOT 3 
MZL subtype: 

47% nodal
36% splenic 
17% EN 

26 pts (72%) with prior cBTKi, 
20 (77%) pts discontinued for PD
6 (23%) discontinued for toxicity

Patel Blood (2023) 142 (Supplement 1): 1660.

ORR 50%



ZUMA-5: Axi-cel in MZL 

Neelapu ASH 2021



Axi-cel in MZL (n=31, f/u 32m) 

Neelapu Blood (2024) 143 (6): 496–506.



Loncastuximab teserine in RR MZL (n=23) 

52

ORR 91%
CR 70%
1 patient post-CAR-T had CR 

Lossos ASH 2024

UPDATE: presentation at 
ICML 2025



Odronextamab in RR MZL (ELM-2 Study; n=42) 

Kim ASH 2024 



Odronextamab in RR MZL (n=42)  

• 77% ORR and CR
• Med PFS/OS not 

reached with med 
f/u 11m)

• Similar safety 
profile to other 
lymphomas 

Kim ASH 2024



Emerging data with mosunetuzumab

Agent/regimen No. pts with 
MZL

Key patient 
features 

ORR/CR comments

Mosunetuzumab
(Olszewski 2024, 
BrUOG-401) plus 
len augmentation 

15 Treatment-naïve 
population 

86%/86%

Mosunetuzumab
(Lynch ASH 
2023) 

3 Treatment-naïve 
population 

100%** (MZL not 
separately 
reported)

No G2+ CRS 



Burke EHA 2025



SchemaS2506 SCHEMA: coming soon!!!



How do we move forward given heterogeneity, relative 
rarity, difficulty staging/response assessment, etc? 
Markers in MZL 

58

Biomarkers Definitions Working Group, Clin Pharmacol Ther 2001; Thieblemont, NY MZL 
workshop 2019

***Slide from Catherine Thieblemont = Putative surrogate markers

Prognostic markers New tools of response assessment



COMING IN 2027

Emerging immunotherapy advances for non-Hodgkin lymphomas


