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Indolent Non-Hodgkin lymphomas
• Follicular lymphoma 

• Marginal zone lymphoma 

• Small lymphocytic lymphoma

• Lymphoplasmacytic lymphoma (WM)

• Nodular lymphocyte predominant B-cell lymphoma (prior NLPHL) 

Mantle cell lymphoma
• In situ mantle cell neoplasm 
• Mantle cell lymphoma (MCL)
• Leukemic non-nodal MCL

ü Extranodal MZL of the mucosa-associated lymphoid tissue
(i.e. MALT lymphoma).  

ü Splenic MZL
ü Nodal MZL
ü Primary cutaneous MZL

Alaggio R et al. Leukemia. 2022 Jul;36(7):1720-1748



Follicular lymphoma 
• Second most common NHL (35%) with a median age at diagnosis of  65 years.

• Most FL (85%) have overexpression on the anti-apoptotic protein BCL-2, via 
t(14;18). Epigenetic mutations are also important (i.e. EZH2). 

• Indolent course but usually in advance stages at presentation (∼50-70% BM) and 
but biologic behavior can be highly variable. 

• Special FL subtypes: duodenal FL and Pediatric FL. 

• Currently not curable but very treatable. The goals should be:
ü Treat only when it is appropriate.
ü Long lasting disease control with improvement of QoL.

Jacobsen E et al. Am J Hematol. 2022;97:1638–1651.
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OS Improvement in Indolent B-Cell 
Lymphoma from 1944 to 2004:                 
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120-Mo
OS, %

1995-2004 82.7 72.3
1985-1994 70.6 49.6
1975-1984 63.5 41.0
1965-1974 54.1 31.9
1955-1964 41.6 23.2
1944-1954 29.3 17.2

FL: prognosis has improved but we need to do better 

Neelapu S. 60 Years of Survival Outcomes at the MD Anderson Cancer Center. 
New York, NY: Springer; 2013. p. 241-250.

note, in patients with FLIPI 0 to 1 disease, the 10-year
cumulative incidence of non–lymphoma-related deaths
(3.7%) was similar to that of lymphoma-related deaths
(4.0%).

COD Pattern by Early Event and Transformation Status

Among patients who achieved EFS24, the subsequent
cumulative incidences of lymphoma- and non–lymphoma-
related mortality were similar, with a 10-year cumulative
incidence since the EFS24 time point of 6.7% for
lymphoma-related mortality and 5.7% for non–lymphoma-
related mortality (Table 3). In contrast, for patients who did
not achieve EFS24, the subsequent cumulative incidence
of lymphoma-related mortality was greater than that of

non–lymphoma-related mortality, with a 10-year cumu-
lative incidence from an event of 36.1% for lymphoma-
related mortality and 7.0% for non–lymphoma-related
mortality. The higher cumulative incidence of lymphoma-
related (36.1% v 6.7%; P , .001) and non–lymphoma-
related (5.7% v 7.0%; P = .0052) mortality in patients who
did not achieve EFS24 compared with patients who ach-
ieved EFS24 were both statistically significant. Stratifying
the analysis to EFS24 for patients who were initially treated
with IC and to EFS12 for patients who were initially treated
with all other approaches (non–IC treated), the subsequent
cumulative incidence of lymphoma- and non–lymphoma-
related mortality were similar (Appendix Fig A4A, online
only), with a 10-year cumulative incidence from the EFS24
(IC treated) or EFS12 (non–IC treated) time points of 8.8%
and 8.2% for lymphoma-related mortality and 4.1% and
7.1%, respectively, for non–lymphoma-related mortality. In
contrast, for patients who did not achieve EFS24 (for IC
treated) or EFS12 (for non-IC treated), the subsequent
cumulative incidence of lymphoma-related mortality was
greater than that of non–lymphoma-related mortality
(Appendix Fig A4B), with a 10-year cumulative incidence
from an event of 52.4% and 24.0% for lymphoma-related
mortality and 5.6% and 9.0% for non–lymphoma-related
mortality, respectively. There were too few events in the
non–IC-treated group to provide estimates by specific type
of initial management—that is, observation versus ritux-
imab monotherapy versus other.

For the US cohort, we had data on the transformation status
for all patients. Among patients without transformation, the
cumulative incidence of lymphoma- and non–lymphoma-
related mortality were similar (Appendix Fig A5A, online
only), with a 10-year cumulative incidence since diagnosis
of 8.1% for lymphoma-related mortality and 6.2% for
non–lymphoma-related mortality. In contrast, the sub-
sequent cumulative incidence of lymphoma-related

TABLE 2. Causes of Death

Cause

Cohort

French
(n = 113)

US
(n = 170)

Pooled
(N = 283)

Lymphoma 70 (65.4) 70 (49.6) 140 (56.5)

Transformed 42 35 77

Treatment related 17 (15.9) 25 (17.7) 42 (16.9)

MDS/AML 6 6 12

Therapy, infection 6 14 20

Therapy, cardiac 2 4 6

Therapy, other 3 1 4

Other cancer 13 (12.1) 20 (14.2) 33 (13.3)

Other causes* 7 (6.5) 26 (18.4) 33 (13.3)

Missing† 6 29 35

NOTE. Data are given as No. (%) unless otherwise indicated.
Abbreviations: AML, acute myeloid leukemia; MDS, myelodysplastic

syndrome.
*Other causes listed in Appendix Table A1.
†Missing category is not included in the percentages.
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FIG 1. Cumulative incidence for the competing risks of cause of death in the pooled cohort. (A) Cumulative incidence by cause of death. (B) Cumulative
incidence by cause of death with y-axis rescaled.
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Cause of Death in Follicular Lymphoma in the First
Decade of the Rituximab Era: A Pooled Analysis of
French and US Cohorts
Clémentine Sarkozy, MD1; Matthew J. Maurer, MS2; Brian K. Link, MD3; Hervé Ghesquieres, MD, PhD1; Emmanuelle Nicolas, MD4;
Carrie A. Thompson, MD2; Alexandra Traverse-Glehen1; Andrew L. Feldman, MD2; Cristine Allmer2; Susan L. Slager2; Stephen M.
Ansell, MD, PhD2; Thomas M. Habermann, MD2; Emmanuel Bachy1; James R. Cerhan, MD, PhD2; and Gilles Salles, MD, PhD1

abstract

PURPOSE Although the life expectancy of patients with follicular lymphoma (FL) has increased, little is known of
their causes of death (CODs) in the rituximab era.

PATIENTS AND METHODSWe pooled two cohorts of newly diagnosed patients with FL grade 1-3A. Patients were
enrolled between 2001 and 2013 in two French referral institutions (N5 734; median follow-up 89months) and
2002 and 2012 in the University of Iowa and Mayo Clinic Specialized Program of Research Excellence (SPORE;
N 5 920; median follow-up 84 months). COD was classified as being a result of lymphoma, other malignancy,
treatment related, or all other causes.

RESULTS Ten-year overall survival was comparable in the French (80%) and US (77%) cohorts. We were able to
classify COD in 248 (88%) of 283 decedents. In the overall cohort, lymphoma was the most common COD, with a
cumulative incidence of 10.3% at 10 years, followed by treatment-related mortality (3.0%), other malignancy
(2.9%), other causes (2.2%), and unknown (3.0%). The 10-year cumulative incidence of death as a result of
lymphoma or treatment was higher than death as a result of all other causes for each age group (including
patients$ 70 years of age at diagnosis [25.4% v 16.6%]) Follicular Lymphoma International Prognostic Index score
3 to 5 (27.4% v 5.2%), but not Follicular Lymphoma International Prognostic Index score 0 to 1 (4.0% v 3.7%);
for patients who failed to achieve event-free survival within 24 months from diagnosis (36.1% v 7.0%), but not
for patients who achieved event-free survival within 24 months of diagnosis (6.7% v 5.7%); and for patients
with a history of transformed FL (45.9% v 4.7%), but not among patients without (8.1% v 6.2%). Overall, 77 of
140 deaths as a result of lymphoma occurred in patients whose FL transformed after diagnosis.

CONCLUSION Despite the improvement in overall survival in patients with FL in the rituximab era, their leading
COD remains lymphoma, especially after disease transformation. Treatment-related mortality also represents a
concern, which supports the need for less-toxic therapies.

J Clin Oncol 37:144-152. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Follicular lymphoma (FL) is the most frequent indolent
lymphoma.1,2 Despite recent progress in under-
standing the development of this disease,3,4 its clinical
heterogeneity remains poorly understood. Some
patients have an indolent evolution over several dec-
ades, whereas others show a rather aggressive clinical
course, generally accompanied by a histologic trans-
formation5 and poor prognosis.6,7 In the last two
decades, life expectancy of patients with FL has
markedly improved with the introduction of anti-CD20
therapies.8-12 For patients with symptomatic disease at
diagnosis, standard of care includes immunochemo-
therapy (IC).13 In patients who are asymptomatic,
treatment options are still debated.14,15 Despite these
improvements, most physicians consider FL to be
incurable, with a continuous pattern of relapse.16

Furthermore, patients with FL who are treated

upfront with IC who are event free (no death, relapse,
or retreatment) within 24 months of diagnosis (EFS24)
have a subsequent survival that is comparable to the
age- and sex-matched background population,17

whereas those who experience an event before
24 months have a more aggressive course with poor
outcomes.17,18 In this context, long-term, treatment-
related adverse effects and toxicity may become
important issues.

In the rituximab era, deaths as a result of lymphoma in
patients with FL have decreased at the population
level,9 but there are limited data on the precise causes
of death (CODs). For instance, when analyzing the long-
term outcome of 281 patients with FL over different time
periods, a significant improvement in cause-specific
survival, but not in overall survival (OS), was found,19

which suggests that treatment-related toxicities may
occur. Another report demonstrated that lymphoma
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10 yo median OS: 
• 80% France cohort.
• 77% US cohort.
• 10.3%: FL as cause of death.



FL: but how to better assess prognosis? How to Identify High-Risk FL Patients?

At Diagnosis/Pre-Treatment
• Clinical: FLIPI, FLIPI2, PRIMA-PI, FLEX
• Biology: m7-FLIPI, PRIMA 23-gene, PD-L2
• Imaging: Baseline PET metrics 

At End of Induction/After Therapy
• Imaging: EOI PET
• Biology: MRD (not standard)
• Response-based: POD24, transformation

At Intervals/Dynamic
• Biology: MRD, circulating tumor DNA 

(research tools) 

How to Identify High-Risk FL Patients?

At Diagnosis/Pre-Treatment
• Clinical: FLIPI, FLIPI2, PRIMA-PI, FLEX
• Biology: m7-FLIPI, PRIMA 23-gene, PD-L2
• Imaging: Baseline PET metrics 

At End of Induction/After Therapy
• Imaging: EOI PET
• Biology: MRD (not standard)
• Response-based: POD24, transformation

At Intervals/Dynamic
• Biology: MRD, circulating tumor DNA 

(research tools) 

At diagnosis/before treatment After therapy  

How to Identify High-Risk FL Patients?

At Diagnosis/Pre-Treatment
• Clinical: FLIPI, FLIPI2, PRIMA-PI, FLEX
• Biology: m7-FLIPI, PRIMA 23-gene, PD-L2
• Imaging: Baseline PET metrics 

At End of Induction/After Therapy
• Imaging: EOI PET
• Biology: MRD (not standard)
• Response-based: POD24, transformation

At Intervals/Dynamic
• Biology: MRD, circulating tumor DNA 

(research tools) 

How to Identify High-Risk FL Patients?

At Diagnosis/Pre-Treatment
• Clinical: FLIPI, FLIPI2, PRIMA-PI, FLEX
• Biology: m7-FLIPI, PRIMA 23-gene, PD-L2
• Imaging: Baseline PET metrics 

At End of Induction/After Therapy
• Imaging: EOI PET
• Biology: MRD (not standard)
• Response-based: POD24, transformation

At Intervals/Dynamic
• Biology: MRD, circulating tumor DNA 

(research tools) At intervals 
Nastoupil L. 27th Annul congress in Hem malignancies, Miami, FL , 2023 



Grade 3b
Sheets of centroblasts
without centrocytes

Grade 3a
>15 centroblasts /HPF
centrocytes present

Grade 2
6-15 centroblasts /HPF

Grade 1
0-5 centroblasts /HPF

Centrocytes 
present

Centrocytes absent

Classic Follicular lymphoma (cFL)
Managed as follicular lymphoma

Follicular large B-cell lymphoma 
(FLBCL)

Managed as DLBCL
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We herein present an overview of the upcoming 5th edition of the World Health Organization Classification of Haematolymphoid
Tumours focussing on lymphoid neoplasms. Myeloid and histiocytic neoplasms will be presented in a separate accompanying
article. Besides listing the entities of the classification, we highlight and explain changes from the revised 4th edition. These include
reorganization of entities by a hierarchical system as is adopted throughout the 5th edition of the WHO classification of tumours of
all organ systems, modification of nomenclature for some entities, revision of diagnostic criteria or subtypes, deletion of certain
entities, and introduction of new entities, as well as inclusion of tumour-like lesions, mesenchymal lesions specific to lymph node
and spleen, and germline predisposition syndromes associated with the lymphoid neoplasms.

Leukemia; https://doi.org/10.1038/s41375-022-01620-2

INTRODUCTION
Evidence-based classification of disease is fundamental for the
treatment of individual patients, monitoring of global disease
incidence, and investigating all aspects of disease causation,
prevention and therapy. The World Health Organization (WHO)
classification of lymphoid tumours has provided a global reference
for the diagnosis of lymphoid neoplasms since its 3rd edition in
2001 [1] which was based on the R.E.A.L Classification developed
by the International Lymphoma Study Group (ILSG) in the early
1990s [2]. The definitions laid down in the successive WHO
classifications [3, 4] have not only been adopted for use by
pathologists, clinicians, and basic and translational research
scientists, but they have also been incorporated into the
International Classification of Diseases (ICD) codes, and thereby
serve as a global reference for epidemiological monitoring across

national and international health policy organizations. In this
article, we provide the conceptual framework and major devel-
opments in lymphoid neoplasms in the upcoming 5th edition of
the WHO Classification of Haematolymphoid Tumours (WHO-
HAEM5) scheduled to be published in 2022. An overview of
myeloid neoplasms will be published separately.
The International Agency for Research on Cancer (IARC) initiated

the process culminating in WHO-HAEM5 in 2018 by laying out the
governance rules and classification principles for the entire 5th

Edition series of the WHO classification of tumours, comprising 14
volumes, each dedicated to neoplasia of specific organ systems
and/or clinical contexts (Paediatric Tumours and Genetic Tumour
Syndromes). In 2021, expert members of the editorial board and
authors were invited to contribute to WHO-HAEM5 based on their
records of diagnostic and/or scientific expertise, regional

Received: 3 May 2022 Revised: 17 May 2022 Accepted: 26 May 2022

A full list of author affiliations appears at the end of the paper.

www.nature.com/leuLeukemia

12
34

56
7
89

0(
);,
:

“beta version"
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Follicular lymphoma 

üAnemia (Hb < 10 g/dl) or thrombocytopenia (< 100 K)platelets due 
to BM infiltration by FL. 

üLymph nodes or tumor mass > 7 cm.

üEnlarged LN > 3cm in > 3 different areas.

üSplenomegaly (> 16 cm). 

üSymptoms related to LN/tumoral compression: airway, liver/biliary 
duct, GI tract, etc. 

üPleura/pericardial effusions, or ascites. 

üConstitutional symptoms.

üCirculating FL cells (> 5 x 109/L)

When to treat? 

High tumor burden



Newly diagnosed FL

Asymptomatic

Localized disease 
(stage I/II)
• Active surveillance 
• Radiotherapy (cure?) 

Stage III/IV;                   
low tumor burden
• Active surveillance
• Single agent rituximab 

Symptomatic

Single agent 
Rituximab

(Uncommon)  

Chemoimmunotherapy
+/- Rituximab 
maintenance 



Stage I and localized stage II (Curable?)

106 S I/II non-bulky FL patients  
treated with RT1

• 15 year FFTF: 39%
• 15 year OS: 62%

consistent with other reports. In the 24-Gy arm of the FORT
study, only 21 (7%) of 299 patients progressed in field, with
amedian follow-up of 26months.18 In the PMH series, the in-field
relapse rate was 5.5%,14 which is almost identical to the Stanford
result of 5%.19 In a retrospective study of 80 patients with stage I
to II FL treated from 1960 to 1988 at the MD Anderson Cancer

Center, the 15-year local control rate was 100% for tumors ,3 cm
and 93% for those $3 cm.4

For patients with stage I disease in our series, outcomes after RT
were particularly good, with estimated 5-year FFP of 74.9%. In
stage II disease, the relapse rate was higher; however, half of the
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Figure 2. FFP stratified by stage and BCL2 status. (A) FFP
is significantly worse for patients with stage (st) II disease. (B)
FFP is significantly worse for patients with BCL21 expression.
(C) Stratifying by stage and BCL2 status demonstrates
patients with stage II BCL22 disease may have outcomes
similar to those of patients with stage I disease.

DEFINITIVE RADIOTHERAPY FOR FOLLICULAR LYMPHOMA blood® 17 JANUARY 2019 | VOLUME 133, NUMBER 3 241

Downloaded from
 https://ashpublications.org/blood/article-pdf/133/3/237/1727006/blood843540.pdf by M

O
FFITT CANCER CENTER & RESEARCH INSTITUTE, Jose Sandoval-Sus on 12 July 2020

512 stage I/II non-bulky FL patients  treated with RT2

• Stage I: 80.1%.
• Median RT dose: 30 Gy

1. Guadagnolo et al. Int J. Rad Onc Biol Phys. 2006.
2. Brady JL et al. Blood. 2019;133(3):237-245 

• 5 year FFP: 68.9%
• 5 year OS: 96%



Stage III/IV FL with low tumor burden disease 

Time to start of new treatment Overall survival

Ardeshna KM et al. Lancet Oncol 2014;15(4):424-35
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Watch & Wait

Rituximab x 4

Low Tumor Burden FL
(N = 463)

Rituximab x 4

R Maintenance 
q8 weeks x 2 years

N =187

N =84

N =192

Northend M et al. 2022 ASH Annual Meeting. Abstract 607.

Watchful Waiting vs. Immediate Treatment



Hazard ratio 
(95% CI) p-value

RI vs W&W 0.48
(0.34-0.68) p<0.001

RM vs W&W 0.31
(0.23-0.42) p<0.001

RM vs RI 0.65
(0.44-0.96) p=0.03

Watchful Waiting vs. Immediate Treatment

Northend M et al. 2022 ASH Annual Meeting. Abstract 607.

Northend M et al. 2022 ASH Annual Meeting. Abstract 607 

2.7 years

9.9 years

Not reached

12-year f/up the International phase III RCT of Rituximab Induction (RI), 
Rituximab maintenance (RM) vs. Watch and Wait



Watchful Waiting vs. Immediate Treatment

Northend M et al. 2022 ASH Annual Meeting. Abstract 607.

Deaths During Follow-up
*Watchful Waiting vs. Immediate Treatment

Northend M et al. 2022 ASH Annual Meeting. Abstract 607.

No difference in time to transformation or in OS

Northend M et al. 2022 ASH Annual Meeting. Abstract 607 



ECOG 4402 
(RESORT) clinical trial 

3 yo TFF: MR: 95% vs. RR: 84% 3 yo PFS: MR: 78% vs. RR 50%

7 years TFF: 
MR: 83% vs. RR: 63% 10 years DOR: 

MR: 66% vs. RR: 30% 

Long term follow up of RESORT (Kahl BS ASH 2022)
Time to cytotoxic tx (f/up 8.7 yo) DOR  (f/up 12.1 yo)

Kahl BS. Et al. JCO 2015; 32: 3096-3102



Stage III/IV FL with High tumor burden disease 

Chemoimmunotherapy:
• Bendamustine-R (or Benda-Obi)

• RCHOP (or Obi-CHOP)
• RCVP (or Obi-CVP) 

R2 (Rituximab + Lenalidomide): in some cases

+/- Rituximab maintenance 

• STiLL
• BRIGHT
• GALLIUM

Ph III RCT

RELEVANCE

PRIMA



Gallium trial: Obi-chemo vs. R-chemo in untreated FL 

R
A
N
D
O
M
I
Z
E

R-chemo

G-Chemo

Marcus R et al. N Engl J Med. 2017;377:1331-1334.

Untreated FL
(N = 1,202)

R maintenance

G maintenance

C
R

 o
r P

R

Optimizing anti-CD20 Monoclonal Antibody
Rituximab vs. Obinutuzumab for FL

8 year follow up

Median observation: 
7.9 years (0.0 – 9.8)

1. Marcus R et al. N Engl J Med. 2017;377:1331-1334. 
2. Townsend W et al. EHA 2022

7-year PFS

NO OS DIFFERENCE



R
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E

R-CHOP, BR or R-CVP

R2

Follicular Lymphoma
(N = 1,030)

RELEVANCE Trial
R-Chemo vs. R2

Morschhauser F et al. J Clin Oncol 2022;40(28):3239-3245.

Grade 1-2, and 3a

Morschhauser F et al. N Engl J Med. 2018;379:934-947.

Lenalidomide + Rituximab

48 (10%) to 67 (13%) in the R-chemo group (P5 .34, Data
Supplement).

Deaths increased from 66 reported in 2017 to 114 reported
here: 59 (12%) versus 55 (11%) in the R2 versus R-chemo
groups (Data Supplement). Eight deaths occurred on
treatment (R2 5 3 and R-chemo 5 5). Death from lym-
phoma was higher in the R2 group (n 5 29) versus
R-chemo group (n5 17), but death from other causes was
higher in the R-chemo group (R2, n5 6; R-chemo, n5 13),
particularly death from cardiac disorder (R2, n 5 0;
R-chemo, n 5 4).

DISCUSSION

The primary analysis from RELEVANCE demonstrated
similar PFS with R2 and R-chemo. With long-term follow-up
reported here (median 72 months), the coprimary end point
of PFS on the basis of IRC remains unchanged as PFS did
not differ significantly between groups. Overall, both groups
maintained very favorable outcomes with similar 6-year PFS

rates (60% R2 v 59% R-chemo) and excellent 6-year OS
rates of 89%. Together, these data show that R2 and
R-chemo yield similar durable responses in untreated pa-
tients with FL in need of therapy.

ORR to subsequent treatment, OS in patients with POD24,
and survival after progression were similar in both groups.
Together, these data show that disease aggressiveness was
similar after progression of both R2 and R-chemo, and
response to subsequent therapy is not compromised by
either treatment.

This similar incidence of histologic transformation reported
in the first interim analysis was maintained after longer
follow-up reported here, and the rate of transformation over
72 months was, 1% per year in both groups, which is well
within the historical rate of 2%-3%, demonstrating that R2

does not increase risk for histologic transformation com-
pared with R-chemo.15

The overall safety profile in both groups is consistent with
the first interim analysis, and no new safety signals were
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48 (10%) to 67 (13%) in the R-chemo group (P5 .34, Data
Supplement).

Deaths increased from 66 reported in 2017 to 114 reported
here: 59 (12%) versus 55 (11%) in the R2 versus R-chemo
groups (Data Supplement). Eight deaths occurred on
treatment (R2 5 3 and R-chemo 5 5). Death from lym-
phoma was higher in the R2 group (n 5 29) versus
R-chemo group (n5 17), but death from other causes was
higher in the R-chemo group (R2, n5 6; R-chemo, n5 13),
particularly death from cardiac disorder (R2, n 5 0;
R-chemo, n 5 4).

DISCUSSION
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tients with FL in need of therapy.
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Median f/u: 
72 mo

 

Supplementary Figure 4. Progression-Free Survival of R-Chemo Groups by IRC 

 

  

PFS by R-chemo groups

6 year follow of RELEVANCE: 
R2 vs. R-chemo followed by RM

Morschhauser F, et al J Clin Oncol. 2022; 40:3239-3245. 



Any changes in rituximab maintenance in FL?.. NO!

P<.0001
HR=0.61 (95%CI) 0.52-0.73
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R-CHOP/R-CVP with or without maintenance R for responding patients

Salles GA et al. 2017 ASH Annual Meeting. Abstract 486.
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PRIMA Trial:
R-CHOP/R-CVP with or without maintenance R for responding patients

Salles GA et al. 2017 ASH Annual Meeting. Abstract 486.

PRIMA trial:
• > 1,000 Pt tx with RCHOP/RCVP.
• Randomization: Obs vs. RM (Q8w x 2 years).

Retrospective cohort of pts treated with BR 
(N= 410) 

Real World Experience
Maintenance Rituximab or Observation after Frontline Treatment with 

Bendamustine-Rituximab (BR) for Follicular Lymphoma

CR Patients

Hill BT et al. Br J Haematol. 2019;184(4):524-535.

Patients on CR

Real World Experience
Maintenance Rituximab or Observation after Frontline Treatment with 

Bendamustine-Rituximab (BR) for Follicular Lymphoma

PR Patients

Hill BT et al. Br J Haematol. 2019;184(4):524-535.

Patients on PR

Salles GA et al. 2017 ASH Annual Meeting. Abstract 486. 
Hill BT et al. Br J Haematol. 2019;184(4):524-535. 



Relapsed/Refractory (R/R) FL 

• Multiple relapses with shorter PFS after every event. 
• The best response is usually the first one. Relapsed/Refractory (R/R) FL

• Patients with FL will experience 
multiple relapses

• Sharply decreasing length of PFS 
after first relapse

Link BK et al. Br J Haematol. 2019;184(4):660-663.

Treatment Line Median PFS, 
Years (95% CI)

First 6.62 (6.10-7.20)

Second 1.50 (1.35-1.70)

Third 0.83 (0.68-1.09)

Fourth 0.69 (0.50-0.97)

Fifth 0.68 (0.43-0.88)

Years from Beginning of Treatment Line
No. at risk
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Fourth-line

Fifth-line
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2st mPFS: 1.5 (1.35-1.70) 

5st mPFS: 0.68 (0.43-0.88)

R/R FL: Important Considerations
• Biopsy recommended to detect histologic transformation of FL, which is reported 

to occur at a rate of 2% per year1

– Treated as DLBCL2

• Early progression of disease (≤2 years) after frontline chemoimmunotherapy 
(POD24) occurs in approximately 20% of patients

Worse OS 
in patients 
with early 

POD

Time from Risk-Defining Events (months)
No. at risk
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Reference
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Early POD
Reference

– Associated with a poor prognosis 
and represents an unmet medical 
need in FL3

– Represents a population requiring 
novel intervention with non-
chemoimmun-therapeutic agents

1. Link BK et al. J Clin Oncol. 2013;31(26):3272-3278. 2. Casulo C et al. Blood.
2019;133(14):1540-1547. 3. Casulo C et al. J Clin Oncol. 2015;33(23):2516-2522.

• Early progression of disease (<24 mo): 15-20% pts. 
• POD24:  worse PFS and OS.
• No accurate way to prognosticate POD24 cases. 
• ALWAYS DO A BIOPSY AT TIME OF RELAPSE:

ü Assess for disease transformation!

Link BK et al. Br J Haematol. 2019;184(4):660-663.
Casulo C et al. J Clin Oncol. 2015;33(23):2516-2522. 
Casulo C et al. Blood. 2019;133(14):1540-1547.



Second line

• Lenalidomide + Rituximab/Obinutuzumab

• Bendamustine + R/O (if no prior 

Bendamustine)

• R/O CHOP (if concern for transformation)

• R/O CVP

• R/O single agent (low bulk)

• Tazemetostat (no other satisfactory options)

Third line and Beyond

Additional options:
• Clinical Trial

• PI3K inhibitors (as of 2022 only copanlisib is available).

• Tazemetostat

• Mosunetuzumab  (Approved Dec 22 2022)

• CART cell therapy (Axi-cel, Tisa-cel)

Observation for low bulky asymptomatic patients with late relapse is reasonable

Optional Consolidation: Maintenance Rituximab/Obinutuzumab or Autologous or Allogeneic SCT

Courtesy of Dr. Sameh Gaballa, MCC Tampa Partially adopted from NCCN.org 

Treatment options for R/R FL 



R+Len (R2) vs. R for R/R “Rituximab sensitive” FL/MZL) 

Leonard J, et al. Journal of Clinical Oncology 2019 37:14, 1188-1199. 

Leonard et al., ASH 2022 abstract #230

§ Multicenter, placebo-controlled, randomized phase III trial

Adult patients with R/R 
grade 1-3a FL or MZL; 

≥1 prior 
chemo/immunotherapy; 
not rituximab refractory

(N = 358)

Rituximab 375 mg/m2 + 
Lenalidomide 20 mg/day*

(n = 178†)

Rituximab 375 mg/m2 + 
PBO

(n = 180‡)

≤12 cycles or until PD, 
relapse, or intolerability;

5-yr follow-up for OS, 
SPMs, subsequent 

treatment, and histologic 
transformations

Rituximab: Days 1, 8, 15, 22 of cycle 1; Day 1 of cycles 2-5. Lenalidomide: Days 1-21 of 28. Prophylactic 
anticoagulation recommended for at-risk patients. Growth factor use allowed per ASCO/ESMO guidelines. 
*10 mg/day if CrCl 30-59 mL/min. †FL, n = 147; MZL, n = 31. ‡FL, n = 148; MZL, n = 32.

Stratified by prior rituximab (yes vs no), time since last therapy 
(≤ vs >2 yr), histology (FL vs MZL)

§ Primary endpoint: PFS by IRC (2007 IWG criteria without PET)



ASH 2022: 5.5 year f/up of the AUGMENT Phase III trial

OS PFS

Leonard J, et al. Journal of Clinical Oncology 2019 37:14, 1188-1199. 

Leonard et al., ASH 2022 abstract #230

R2

(n=178)
R-Placebo 

(n=180) HR P Value

Median PFS 27.6 mo 14.3 mo 0.50 (0.38-0.66) <0.0001
5-year Overall 
Survival 83.2 % 77.3 % 0.59 (0.37-0.95) 0.0285



PI3K Inhibitors: Only one remaining

Idelalisib Duvalisib Copanlisib

1. Gopal AK et al. N Engl J Med. 2014;370(11):1008-1018. 
2. Flinn IW et al. J Clin Oncol. 2019;37(11):912-922.
3. Dreyling M et al. Am J Hematol. 2020;95(4):362-371. 

PI3K Inhibitors: Established Agents
Idelalisib1 Duvelisib2 Copanlisib3,4

Isoform Target Delta Delta and gamma Alpha and delta
Evaluation Trial 
(patients)

Phase 2, refractory to R 
and an alkylator (125)

Phase 2, refractory to R and 
chemotherapy or 

radioimmunotherapy (129) 

Phase 2, 2 prior therapies 
(142)

Approval (year) ≥2 prior therapies 
(2014)

≥2 prior therapies (2   ) ≥2 prior therapies (2   )

ORR, n (%) 72 (54) 83 (42) 104 (59)
CR, % N/A 1 20
Median PFS, months 11 9.5 12.5
Median OS, months 20.3 N/A N/A
Grade ≥3  Es Diarrhea (13%), 

elevated ALT (13%), 
elevated AST (8%)

Diarrhea (15%), pneumonia (5%), 
fatigue (5%), elevated ALT (5.4%), 

elevated AST (3.1%)

Hyperglycemia (40%), 
pneumonia (11%), 
diarrhea (8.5%), 

elevated ALT (0.7%)
No head-to-head studies have been conducted and direct comparisons cannot be made between these studies. 

1. Gopal AK et al. N Engl J Med. 2014;370(11):1008-1018. 2. Flinn IW et al. J Clin Oncol. 2019;37(11):912-922. 3. Dreyling M et al. J Clin 
Oncol. 2017;35(35):3898-3905. 4. Dreyling M et al. Am J Hematol. 2020;95(4):362-371.

≥ 2 prior therapies
(2014) 

≥ 2 prior therapies
(2018) 

≥ 2 prior therapies
(2018) 

Grade ≥ 3 AEs



Tazemetostat for R/R FL
Single arm open label phase II trial

ORR:69%/CR:13%
Disease control: 98%

EZH2 mut

ORR:35%/CR:4%
Disease control: 69%

EZH2 WT

mPFS:13.8 months mPFS:11.1 months

• Outcomes in POD24 pts:
ORR: 

ü 63% (M)/25%(WT)
PFS:

ü 13.8 months (M)
ü 5.8 months (WT).

• Low rates of ≥ G3 AEs.
• Single oral agent.
• Approved after 2 of more
Lines of tx. 

Morschhauser F et al. Lancet Oncol. 2020;21(11):1433-1442. 



Zanubrutinib+Obi vs. Obi in R/R FL Phase II RCT
ROSEWOOD trial

Zinzani PL et al. ASCO 2022; Abstract 7510  

Adults with grade 1-3a R/R FL 
previously treated with ≥2 prior 

regimens, including an anti-CD20 
antibody and appropriate 

alkylator-based combination 
therapy; no prior BTK inhibitor; 

ECOG PS 0-2
(N = 217)

Zanubrutinib + Obinutuzumab*
(n = 145)

Obinutuzumab*
(n = 72)

Stratification by geographic region, number of 
prior lines, rituximab refractory status

Treated until disease 
progression or 

unacceptable toxicity†

*Zanubrutinib dosed at 160 mg PO BID. Obinutuzumab dosed at 1000 mg IV on Days 1,8,15 of cycle 1 and Day 1 of cycles 2-6, then Q8W to ≥20 doses. 
†Patients assigned to obinutuzumab with centrally confirmed PD or no response at 12 mo could crossover to receive combination therapy.

2:1

§ Primary endpoint: IRC-assessed ORR according to Lugano classification

§ Key secondary endpoints: investigator-assessed ORR, CR, DoR, PFS, OS, safety



Zanubrutinib+Obi Vs. Obi in R/R FL Phase II RCT
ROSEWOOD trial

Zanu+Obi
(n=145)

Obi 
(n=72) P Value

ORR, % (95% CI) 68.3% (60-75.7%) 45.8% (34-58%) 0.0017

CR, % (95% CI) 37.2% (29.4-45.7%) 19.4% (11.1-30.5%) 0.0083

Duration of Response (IRC)

Time to Next Antilymphoma Treatment

Progression-free survival (IRC)

Overall survival

Zinzani PL et al. ASCO 2022. Abstract 7510.

ROSEWOOD: Efficacy Endpoints
(ITT Analysis Set)

Duration of Response (IRC)

Time to Next Antilymphoma Treatment

Progression-free survival (IRC)

Overall survival

Zinzani PL et al. ASCO 2022. Abstract 7510.

ROSEWOOD: Efficacy Endpoints
(ITT Analysis Set)

27.4 months

11.2 months
HR:0.51 
(95% CI:0.32-0.81; p=0.0040)

Zinzani PL et al. ASCO 2022; Abstract 7510  



Chimeric Antigen Receptor (CAR) T cell therapy IN R/R FL
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Axicabtagene ciloleucel in relapsed or refractory indolent 
non-Hodgkin lymphoma (ZUMA-5): a single-arm, 
multicentre, phase 2 trial
Caron A Jacobson, Julio C Chavez, Alison R Sehgal, Basem M William, Javier Munoz, Gilles Salles, Pashna N Munshi, Carla Casulo, David G Maloney, 
Sven de Vos, Ran Reshef, Lori A Leslie, Ibrahim Yakoub-Agha, Olalekan O Oluwole, Henry Chi Hang Fung, Joseph Rosenblatt, John M Rossi, 
Lovely Goyal, Vicki Plaks, Yin Yang, Remus Vezan, Mauro P Avanzi, Sattva S Neelapu

Summary
Background Most patients with advanced-stage indolent non-Hodgkin lymphoma have multiple relapses. We assessed 
axicabtagene ciloleucel autologous anti-CD19 chimeric antigen receptor (CAR) T-cell therapy in relapsed or refractory 
indolent non-Hodgkin lymphoma.

Methods ZUMA-5 is a single-arm, multicentre, phase 2 trial being conducted at 15 medical cancer centres in the USA 
and two medical cancer centres in France. Patients were eligible if they were aged 18 years or older, with histologically 
confirmed indolent non-Hodgkin lymphoma (follicular lymphoma or marginal zone lymphoma), had relapsed or 
refractory disease, previously had two or more lines of therapy (including an anti-CD20 monoclonal antibody with an 
alkylating agent), and an Eastern Cooperative Oncology Group performance score of 0 or 1. Patients underwent 
leukapheresis and received conditioning chemotherapy (cyclophosphamide at 500 mg/m² per day and fludarabine at 
30 mg/m² per day on days −5, −4, and −3) followed by a single infusion of axicabtagene ciloleucel (2 × 10⁶ CAR T cells 
per kg) on day 0. The primary endpoint was overall response rate (complete response and partial response) assessed 
by an independent review committee per Lugano classification. The primary activity analysis was done after at least 
80 treated patients with follicular lymphoma had been followed up for at least 12 months after the first response 
assessment at week 4 after infusion. The primary analyses were done in the per-protocol population (ie, eligible 
patients with follicular lymphoma who had 12 months of follow-up after the first response assessment and eligible 
patients with marginal zone lymphoma who had at least 4 weeks of follow-up after infusion of axicabtagene ciloleucel). 
Safety analyses were done in patients who received an infusion of axicabtagene ciloleucel. This study is registered 
with ClinicalTrials.gov, NCT03105336, and is closed to accrual.

Findings Between June 20, 2017, and July 16, 2020, 153 patients were enrolled and underwent leukapheresis, and 
axicabtagene ciloleucel was successfully manufactured for all enrolled patients. As of data cutoff (Sept 14, 2020), 
148 patients had received an infusion of axicabtagene ciloleucel (124 [84%] who had follicular lymphoma and 
24 [16%] who had marginal zone lymphoma). The median follow-up for the primary analysis was 17·5 months 
(IQR 14·1–22·6). Among patients who were eligible for the primary analysis (n=104, of whom 84 had follicular 
lymphoma and 20 had marginal zone lymphoma), 96 (92%; 95% CI 85–97) had an overall response and 77 (74%) had 
a complete response. The most common grade 3 or worse adverse events were cytopenias (104 [70%] of 148 patients) 
and infections (26 [18%]). Grade 3 or worse cytokine release syndrome occurred in ten (7%) patients and grade 3 or 4 
neurological events occurred in 28 (19%) patients. Serious adverse events (any grade) occurred in 74 (50%) patients. 
Deaths due to adverse events occurred in four (3%) patients, one of which was deemed to be treatment-related 
(multisystem organ failure).

Interpretation Axicabtagene ciloleucel showed high rates of durable responses and had a manageable safety profile in 
patients with relapsed or refractory indolent non-Hodgkin lymphoma.

Funding Kite, a Gilead Company.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
The clinical course of indolent non-Hodgkin lymphoma, 
including follicular lymphoma and marginal zone 
lymphoma, is heterogeneous.1 Although extended survival 
is often achieved with standard frontline treatment, 
advanced indolent non-Hodgkin lymphoma is considered 
incurable because patients typically have frequent 

relapses.2 Moreover, patients who have progression fewer 
than 24 months after initial chemoimmunotherapy have 
worse survival.3,4 Therapies for third-line treatment of 
follicular lymphoma provide moderate clinical benefit, 
with median duration of response of 13 months or less.5–8

Chimeric antigen receptor (CAR) T-cell therapies have 
shown clinical benefit for patients with aggressive 
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Follicular lymphoma is a common non-Hodgkin lymphoma 
(NHL) that is generally considered indolent, but the disease 
remains incurable and the majority of patients eventually 

relapse1. Although the median overall survival (OS) has improved 
with chemoimmunotherapy2, approximately 20% of patients with 
FL experience progression of disease (POD) within 2 years (POD24)  
of initial chemoimmunotherapy3,4, and this subset of patients has a  

particularly poor prognosis. Patients with r/r FL will experi-
ence progressively shorter duration of response (DOR) to sub-
sequent treatments (second or later lines of therapy)5 as reflected 
by progression-free survival (PFS), which has been shown to 
decrease from 6.6 years after the first line of therapy to 1.5 years and 
10 months after the second and third lines of therapy, respectively6. 
In the National LymphoCare Study, the 5-year OS rate was 50% for 
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Tisagenlecleucel is an autologous anti-CD19 chimeric antigen receptor-T cell therapy with clinically meaningful outcomes  
demonstrated in patients with relapsed/refractory (r/r) B-cell lymphoma. In a previous pilot study of tisagenlecleucel in r/r 
follicular lymphoma (FL), 71% of patients achieved a complete response (CR). Here we report the primary, prespecified interim 
analysis of the ELARA phase!2 multinational trial of tisagenlecleucel in adults with r/r FL after two or more treatment lines or 
who relapsed after autologous stem cell transplant (no. NCT03568461). The primary endpoint was CR rate (CRR). Secondary 
endpoints included overall response rate (ORR), duration of response, progression-free survival, overall survival, pharmaco-
kinetics and safety. As of 29!March 2021, 97/98 enrolled patients received tisagenlecleucel (median follow-up, 16.59 months; 
interquartile range, 13.8–20.21). The primary endpoint was met. In the efficacy set (n!=!94), CRR was 69.1% (95% confidence 
interval, 58.8–78.3) and ORR 86.2% (95% confidence interval, 77.5–92.4). Within 8!weeks of infusion, rates of cytokine release 
syndrome were 48.5% (grade ≥3, 0%), neurological events 37.1% (grade ≥3, 3%) and immune effector cell-associated neuro-
toxicity syndrome (ICANS) 4.1% (grade ≥3, 1%) in the safety set (n!=!97), with no treatment-related deaths. Tisagenlecleucel 
is safe and effective in extensively pretreated r/r FL, including in high-risk patients.
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who were eligible for the activity analysis had a response 
(57 [95%] of 60 with follicular lymphoma, 15 [94%] of 16 
with marginal zone lymphoma), with 60 (79%) having a 
complete response (48 [80%] with follicular lymphoma, 
12 [75%] with marginal zone lymphoma). In a prespe-
cified subgroup analysis for the updated analysis, overall 
response rates were consistent across subgroups 
(appendix p 13).

As of data cutoff for the updated analysis, 64 (59%) of 
109 patients had ongoing responses (53 [62%] of 86 with 
follicular lymphoma, 11 [48%] of 23 with marginal zone 
lymphoma). Of 83 patients who had a complete response, 
61 (73%) remained in remission at data cutoff 
(50 [74%] of 68 with follicular lymphoma, 11 (73%) of 15 
with marginal zone lymphoma). 13 (50%) of 26 patients 
with follicular lymphoma who had an initial partial 
response at week 4 later converted to a complete response 
and 12 (92%) of 13 remained in response as of data cutoff. 
At 18 months, the estimated proportion of patients 
remaining in response was 65·6% (95% CI 53·9–75·0) 
and estimated progression-free survival was 64·8% 
(95% CI 54·2–73·5; figure 3; appendix p 14). Estimates 
of duration of overall response and progression-
free survival were largely consistent across subgroups 
(appendix pp 15–16). 18-month overall survival was 87·4% 
(95% CI 79·2–92·5; figure 3; appendix p 14).

In the updated analysis population, 13 patients (11 with 
follicular lymphoma, two with marginal zone lymphoma) 
who relapsed after response to axicabtagene ciloleucel 
were retreated with axicabtagene ciloleucel. Median time 
between first and second treatments (post-hoc analysis) 
was 10·6 months (IQR 8·4–14·8). All 13 patients responded 
to retreatment, ten (77%) had complete responses and 
six (46%) had ongoing responses at data cutoff for the 
updated analysis, after a median of 11·4 months (95% CI 
2·1–13·9) of follow-up. Responses were similar irrespective 
of the method or source of manufacturing of axicabtagene 
ciloleucel product for retreatment (data not shown).

In the updated analysis population, disease progression 
occurred in 26 (26%) of 100 patients who had a response, 
including 13 (16%) of 83 patients who had a complete 
response and 13 (76%) of 17 who had a partial response. 
As of data cutoff for the updated analysis, disease 
progression or death occurred in 36 (33%) of 109 activity-
eligible patients (27 [31%] of 86 with follicular lymphoma, 
nine [39%] of 23 with marginal zone lymphoma). Of all 
148 treated patients, 129 (87%) were alive as of data cutoff 
(109 [88%] of 124 with follicular lymphoma, 20 [83%] of 24 
with marginal zone lymphoma). The median time to 
next treatment was not reached (95% CI not estimable to 
not estimable). Four (3%) of 124 patients with follicular 
lymphoma underwent subsequent SCT (one autologous; 
three allogeneic) due to disease progression.

Among all 148 treated patients, treatment-emergent 
adverse events of any grade occurred in 147 (99%) patients 
(table 2; appendix p 29). Grade 3 or worse events 
occurred in 128 (86%) patients (105 [85%] of 124 with 

follicular lymphoma, 23 [96%] of 24 with marginal 
zone lymphoma), most commonly cytopenias (in 
104 patients [70%]) and infections (26 [18%]; appendix 
p 30). Grade 3 or worse cytopenias were present on or 
after day 30 in 50 (34%) patients (41 [33%] with follicular 

83
(76%)

100
(92%)

17
(16%)

0
Pr

op
or

tio
n 

of
 p

ar
tic

ip
an

ts
 w

ith
 re

sp
on

se
 (%

)
10

20

30

40

50

60

70

80

90

100

A All patients (n=109)

B Patients with follicular lymphoma (n=86)

C Patients with marginal zone lymphoma (n=23)

Response

0

Pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 w
ith

 re
sp

on
se

 (%
)

10

20

30

40

50

60

70

80

90

100

Overall response
rate

Stable
disease

Progressive
disease

Unknown or
no disease

0

Pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 w
ith

 re
sp

on
se

 (%
)

10

20

30

40

50

60

70

80

90

100

Complete response
Partial response
Stable disease
Progressive disease
Unknown or no disease

3
(3%)

1
(1%)

5
(5%)

13
(15%)

68
(79%)

81
(94%)

3
(3%)

2
(2%)0

15
(65%)

19
(83%)

4
(17%)

1
(4%)

3
(13%)

0

Figure 2: Overall response to axicabtagene ciloleucel in all patients (A), 
patients with follicular lymphoma (B), and patients with marginal zone 
lymphoma (C) in the updated analysis
Responses were assessed by an independent radiology review committee in the 
updated analysis.

ORR FL: 94% 
CR FL: 73%

PFS in FL OS in FL

mPFS: 40.2 mo (28.9-NE) mOS: NR; 36 mo: 75.5%

ZUMA-5 Outcomes by POD24 Status – ASH 2022

. 

Neelapu SS et al. ASH 2022. Abstract 4660.

1.Jacobson C, Chavez JC et al. Lancet Oncol 2022; 23: 91–103 ; 2. Neelapu SS et al. ASH 2022. Abstract 4660 



ASH 2022: 2-Year F/up of ELARA trial

Endpoint in Efficacy 
Analysis Set
(IRC Assessment)

% (95% CI)
N=94

CRR 68 (58-77)

ORR 86 (78-92)

Dreyling M et al. ASH 2022. Abstract 608. 

ELARA Long-Term Follow-Up: ASH 2022

• No new safety signals
• Response rates in high-risk groups:

Characteristic All Pts 
(N = 97)

CRR, % ORR, %

POD24 61 (63) 59 (46-71) 82 (70-91)

High metabolic 
tumor volume

20 (21) 40 (19-64) 75 (51-91)

Bulky disease 62 (64) 65 (51-76) 86 (74-93)

Double 
refractory

65 (67) 66 (53-77) 85 (74-92)

High F IPI (≥ ) 57 (59) 61 (48-74) 81 (68-90)

• Median DOR, PFS, OS, TTNT all not 
reached after median follow-up of 29 mos

Clinical 
Outcome, %

All Pts 
(N = 81)

Pts in CR 
(n = 64)

DOR
• 12-mo
• 24-mo

74
66

87
78

PFS
• 12-mo
• 24-mo

67
57

87
75

OS
• 12-mo
• 24-mo

95
88

98
95

Dreyling M et al. ASH 2022. Abstract 608.

High FLIPI (≥3)



Bispecific antibodies in R/R FL
Bispecific Antibodies: Mechanism of Action

• Bispecific antibodies (BsAbs) are protein 
constructs with specificity to 2 different 
antigens1

• Commonly bind a tumor specific antigen and 
an immune effector cell antigen1

• BsAbs appose cytotoxic immune effector 
cells with a tumor cell via binding of a 
specific tumor antigen  creating an “immune 
synapse”2

• Antitumor activity is a result of activation of 
the immune effector cell and direct cytotoxic 
activity2

• Activation of T-cells occurs only when BsAb 
also binds tumor antigen2

1. Lum LG et al. BioDrugs. 2011;25(6):365-379. 2. Baeuerle PA et al. Cancer Res. 2009;69(12):4941-4944.

Table 1. Comparative characteristics of CD20XCD3 BsAb currently in development

Product name
Schematic
depiction Format Technology

CD20:CD3
ratio CD3 clone CD20 clone Fc silencing mutations*

Mosunetuzumab18 IgG1 Knobs-into-holes
(different Fabs)

1:1 UCHT1v9 (CD3δε) 2H7 (type 1 epitope, identical to
rituximab)

N297G (no FcγR binding)

Glofitamab15 IgG1 Head-to-tail fusion 2:1 SP34-der.(CD3ε) By-L1 (type 2 epitope, identical to
obinutuzumab)

IgG1-P329G-LALA (no FcγR
binding)

Epcoritamab16 IgG1 Controlled Fab-arm
exchange

1:1 huCACAO (SP34-
der.)(CD3ε)

7D8 (type 1 epitope, shared by
ofatumomab)

L234F,L235E,D265A (no
FcγR,C1q binding)

Odronexamab17 IgG4 Heavy chains with
different affinity

1:1 REG1250 (CD3δε) 3B9-10 (type 1 epitope, shared by
ofatumomab)

Modified IgG4 (no FcγRIII
binding)

Plamotamab90 IgG1 Fab-Fc x scFv-Fc 1:1 α-CD3_H1.30 (SP34-
der.)(CD3ε)

C2B8_H1_L1 (type 1 epitope, shared
by rituximab)

G236R, L328R (no FcγR
binding)

IgM 232319 IgM IgM + modified J chain 10:1 Not reported Not reported No

*These Fc-silencing mutations do not abolish the binding of BsAb to neonatal FcR.
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Baeuerle PA et al. Cancer Res. 2009;69(12):4941-4944 
Falchi L et al. Blood (2023) 141 (5): 467–480.



Mosunetuzumab (CD3xCD20 BsAb) in R/R FL

Median F/up (Mon) 28.3
ORR 78%
CR 60%
Double refractory

• ORR

• CR

71%

50%
POD 24 mo

• ORR

• CR

74%

63%

• Deep responses  ere observed   ith most evaluable patients responding by ≥    reduction in tumor  PD from baseline 

• Median PFS: 17.9 mo (95% CI: 10.1-NE)

• CRS was the most common AE (40 [44%] of 90 patients) and was predominantly grade 1 (23 [26%] of 90) and grade 2 (15 [17%]), and 
primarily confined to cycle 1

• The most common grade 3-4 AEs were neutropenia or neutrophil count decreased (24 [27%] of 90 patients), hypophosphataemia (15 
[17%]), hyperglycaemia (seven [8%]), and anaemia (seven [8%]); Serious adverse events occurred in 42 (47%) of 90 patients.

Outcome All Responders
(n = 72)

Patients With CR
(n = 54)

Median DoR, mo (95% CI) 22.8 (9.7-NE) 22.8 (18.7-NE)

Median time to first response, mo (range) 1.4 (1.1-8.9) 3.0 (1.1-18.9)*

12-mo EFS, % (95% CI) 62 (50-74) 76 (65-88)

18-mo EFS, % (95% CI) 57 (44-70) 70 (57-84)
*Median time to first CR.

Budde LE et al. Lancet Oncol. 2022;23(8):1055-1065.

Bispecific Ab Mosunetuzumab in R/R FL
Phase 2 Pivotal Study

mPFS: 17.9 mo
mDOR: 22.8 mo
18 mo OS: 90%

Budde LE et al. Lancet Oncol. 2022;23(8):1055-1065. 
Barlett N et al. ASH 2022

Bispecific Ab Mosunetuzumab in R/R FL
Phase 2 Pivotal Study

Discontinue if CR by cycle 8; if PR or 
SD, continue treatment for 17 cycles, 

unless PD or unacceptable toxicity 
occurs

Mosunetuzumab
D1: 1 mg; D8: 2 mg; 

D15: 60 mg

N=90
▪ Patients aged ≥   yr 

with R/R FL grades 1-3a
▪ CD20+
▪ EC G P  ≤ 
▪ ≥2 prior systemic 

therapies including ≥  
anti-CD20 antibody and 
≥  alkylating agent

*Cycle 1 step-up dosing for CRS 
mitigation.

Cycle 1 (21-Day Cycles)* Cycles 3-8

Mosunetuzumab
D1: 60 mg

Mosunetuzumab
D1: 30 mg

Cycle 2
Primary endpoints

CR (best response) rate 
by IRF, assessed vs 14% 
historical control CR rate

Secondary endpoints

ORR, DoR, PFS, safety 
and tolerability

Outcome, % (95% CI) By IRF
(N = 90)

By INV
(N = 90)

ORR
▪ CR

80 (70-88)
60 (49-70)

78 (68-86)
60 (49-70)

Response by Double 
Refractory Disease Status, % 
(95% CI)1

Yes
(n = 48)

No
(n = 42)

ORR
▪ CR

71 (56-83)
50 (35-65)

90 (77-97)
71 (55-84)

 esponse by P D ≥2  Mo of 
Initial Tx, 
% (95% CI)1

Yes
(n = 47)

No
(n = 43)

ORR
▪ CR

85 (72-94)
57 (42-72)

74 (59-86)
63 (47-77)Budde LE et al. Lancet Oncol. 2022;23(8):1055-1065.

• Fixed-duration Tx: 8 cycles if CR; 17 cycles if PR/SD after C8.
• Re-treatment was permitted at relapse for pt who achieved CR.
• No mandatory hospitalization

Adults with R/R FL 
(grades 1-3a)

after ≥2 prior systemic tx 
including ≥1 anti-CD20 mAb 

and ≥1 alkylating agent; 
ECOG PS ≤1

(N = 90)



Mosunetuzumab (CD3xCD20 BsAb) in R/R FL: Safety

AEs (≥15%) by grade and relationship with mosunetuzumab

50 40
Frequency (%)

30 20 10 0 20 30 40 5010

All AEs AEs related to 
mosunetuzumab

CRS
Fatigue

Headache
Neutropenia‡

Pyrexia

Rash

Hypophosphatemia
Pruritus

Hypokalemia
Cough

Constipation
Diarrhea
Nausea
Dry skin

1
2
3
4

Grade

• CRS mostly low grade (Grade 3/4: 2%) and occurred during Cycle 1.
• ICANs 3% (all grade 1-2)

Budde LE et al. Lancet Oncol. 2022;23(8):1055-1065. 
Barlett N et al. ASH 2022



Phase 2 (ELM-2)

Monotherapy

Intravenous

C1: D1/2, 8/9, 15
Cycles 2-4: D1,8,15 then 

maintenance Q2w

Till disease progression

Phase I/II (EPCORE NHL-2)

Combined with R2

Subcutaneous

Weekly first 2 cycles 
Afterwards Q21 days 

Up to 2 years

Phase I/II 

Monotherapy or combination 
with obinutuzumab

Intravenous

C1: D1, 8, 15
then  q21 days 

Fixed duration: 12 cycles

Glofitamab in R/R FL Epcoritamab + Rituximab 
+ Lenalidomide in R/R FL Odronextamab in R/R FL

Other BsAb (CD3xCD20) in R/R FL: single BsAb and in combinations

Morschhauser et al. ASH 2021 (Glofitamab); kim et al. ASH 2022 (Odronextamab); Falchi et al. ASH 2022 (Epcoritamab) 



Mantle cell lymphoma (MCL) 
• Uncommon B-cell NHL (∼6%) with a median age at diagnosis of  68 years and 

most prevalent in men. 

• Most cases have cyclin-D1 overexpression via t(11;14) but there are other 
important pathogenic mutations affecting cell cycle (CDKN2), epigenetic regulation 
(KMT2D), DNA damage repair (TP53 and ATM mut), etc. 

• For the most part presents with stage III-IV involving BM and GI tract (not always 
symptomatic). 

• Special subtype: Leukemic non-nodal MCL

• Currently not curable but very treatable, but usually more aggressive than FL. 
The goals should be:

ü Treat when  appropriate.
ü Long lasting disease control with improvement of QoL.



Updates in the frontline treatment for MCL:
TRIANGLE TRIAL (#1 2022 ASH abstract)  

• Previously untread AutoHCT eligible 
stage II-IV MCL pts (≤ 65 yo). 

• Primary Outcome: FFS

• Secondary outcome:
ü RR
ü PFS
ü OS
ü Safety

Dreyling M et al/, ASH 2022



TRIANGLE TRIAL: Results 
Ibrutinib +/- AutoHCT

(n=559)
AutoHCT
(n=272) P-Value

ORR, % 98% 94% 0.0025

CR, % 45% 36% 0.0203

Ibrutinib + AutoHCT
(n=292)

AutoHCT
(n=288) P-Value

3-yo FFS, % 88% 72% 0.0008

3-yo OS, % 91% 86% -

FFS and OS: Ibru+ AutoHCT vs. AutoHCT

AutoHCT
(n=288)

Ibrutinib  
(n=290) P-Value

3-yo FFS, % 72% 86% 0.9979

3-yo OS, % 86% 92% -

FFS and OS: AutoHCT vs. Ibru w/o AutoHCT

Dreyling M et al/, ASH 2022



TRIANGLE TRIAL: AEs and Causes of death 

During induction tx, ibrutinib was 
associated with higher AEs.

Dreyling M et al/, ASH 2022



Updates in the frontline treatment for MCL:
Chemotherapy is “yesterday’s newspaper”?  

Acalabrutinib + Venetoclax + R in TN MCL: 2 –year safety and efficacy analysis  

Median fup: 25.8 months
N=21

12  and 24 months PFS

5 Covid-related deaths

Wang  M et al, ASH 2022



Updates in the frontline treatment for MCL:
Chemotherapy is “yesterday’s newspaper”?  

Acalabrutinib + Lenalidomide + R with real-time monitoring of MRD in pts with TN MCL

Median fup: 23 months
N=24

2-yr OS = 100% (95% CI=100%,100%

PFS and OS



Relapsed/Refractory MCL:
Anti-CD3xCD20 BsAb (but of course!)  

Glofitamab Monotherapy Induces High CR Rates in Patients with Heavily Pretreated R/R MCL: 
Phase I dose escalation study

Philips T et al. ASH 2022

Glofitamab dosing schedules

Clinical cut-off date: March 14, 2022; *In the glofitamab SUD + 1000mg Gpt cohort, two patients had 16mg glofitamab as their target dose.

Phase I dose escalation in R/R MCL

Glofitamab IV administration
• Fixed-duration treatment: maximum 12 cycles

CRS mitigation
• Obinutuzumab pretreatment 

(1 x 1000mg or 1 x 2000mg)

• C1 step-up dosing

• Monitoring after first dose (2.5mg)

Population characteristics: 
• Age ≥18 years
• ≥1 prior systemic therapy
• ECOG PS ≤1

C1 C2

D8: 2.5mg

C12

D15: 10mg

D1: 1000mg Gpt

D1: 30mg* 

D1: 2000mg Gpt

D1: 30mg* 

21-day cycles

or

• Age ≥ 18 years
• ≥ 1 prior systemic therapy
• ECOG PS ≤ 1



Relapsed/Refractory MCL:
Glofitamab in R/R MCL: Results  Response rates by glofitamab regimen

*Efficacy results are reported for the secondary efficacy population (includes all patients who had a response assessment performed, withdrew early 
from treatment or study, or are on still on treatment at the time of their first scheduled response assessment). Prior lines of therapy ranged from 1–5 
in both the responder and non-responder groups. CMR, complete metabolic response; PMR, partial metabolic response.

Cheson BD et al. J Clin Oncol. 2014.

High response rates with glofitamab monotherapy in patients with R/R MCL

All patients*
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*Efficacy results are reported for the secondary efficacy population (includes all patients who had a response assessment performed, withdrew early 
from treatment or study, or are on still on treatment at the time of their first scheduled response assessment). Prior lines of therapy ranged from 1–5 
in both the responder and non-responder groups. CMR, complete metabolic response; PMR, partial metabolic response.

Cheson BD et al. J Clin Oncol. 2014.

High response rates with glofitamab monotherapy in patients with R/R MCL
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Time on treatment and response

EOT, end of treatment; CRR, complete response rate; ORR, overall response rate.

• Median follow-up (months):
– 8.0 months

• Median time to first response: 
– 51 days (range, 29–234)

• Response at first assessment: 
– CRR: 48.6%, ORR: 73.0%

• No PD was reported beyond EOT 
in patients with response at EOT

Most responses were achieved early and were durable

Durability of response in efficacy-evaluable patients
SUD (16mg) + 

1000mg Gpt

SUD (30mg) + 
1000mg Gpt

SUD 
+ 2000mg Gpt
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• Median f/up: 8 months; Median DORC: 5.1 mo (0.0-18.0)
• Response of first assessment: ORR=73%/CR:48.6%.
• Median DORC: 10 mo (95% CI: 4.9-NE).
• Durable CRs persistent s/p treatment cessation.
• Four COVID-19 related deaths. 

Philips T et al. ASH 2022



Relapsed/Refractory MCL:
Glofitamab in R/R MCL: Safety  Common adverse events

*Includes neutrophil count decrease. †Events occurred separately from CRS. ‡There were three serious COVID-19 AEs, Grade 3 (n=1), 
Grade 5 (n=2). An additional two patients had COVID-19 pneumonia. §IRR AEs related to glofitamab are reported as such if cytokine 
levels were normal. Most IRRs were related to obinutuzumab. AST, aspartate aminotransferase; IRR, infusion-related reaction.

CRS was the most common AE

AEs with an incidence of ≥20% in all patients (N=37)
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Relapsed/Refractory MCL:
Anti-CD19 CAR-T cell Tx (can’t leave without mentioning them)  

ZUMA-2: 3-year follow-up of outcomes with Brexucabtagene autoleucel in R/R MCL        

levels and area under the curve (AUC) were found in patients
who had received ibrutinib only versus acalabrutinib only
(Data Supplement). Peak immunomodulatory and
proinflammatory cytokine levels trended higher in patients
with prior ibrutinib versus those with prior acalabrutinib,
particularly for IFN-g and IL-6 (Data Supplement).

Impact of High-Risk Disease Characteristics

In high-risk subgroups, ORRs were generally consistent
(Table 1 and the Data Supplement); ongoing responses at
data cutoff are reported in Figure 3. The median DOR
exceeded 24 months or was NR in most subgroups and was
17.1 months in patients with POD24. PFS and OS medians
were similar acrossmost subgroups but trended lower among
patients with POD24 (Table 1 and the Data Supplement).
Some differences were noted with blastoid MCL or TP53
mutation although patient numbers were limited.

Any-grade and grade $ 3 AE rates were similar across
subgroups (Data Supplement). Grade $ 3 NEs were nu-
merically higher in patients with Ki-67 PI, 30% versus those

with Ki-67 PI $ 30% (67% v 30%) and in patients with
classical versus blastoidmorphology (38% v 18%). Grade$ 3
CRS was numerically higher in patients with versus without
TP53 mutation (33% v 7%) although numbers are small.

Peak CAR T-cell levels in blood were comparable between
Ki-67 PI , 50% and Ki-67 PI $ 50% groups (Data Sup-
plement) and between TP53-mutated and wild-type groups
(Data Supplement). Patients with POD24 trended toward
lower median peak CAR T-cell levels (53.4 cells/mL [range,
0.2-2,566] v 112.4 cells/mL [range, 0.2-2,589]) and me-
dian AUC values (583.4 cells/mL3 day [range, 1.8-27,744]
v 1,588.3 cells/mL 3 day [range, 3.8-27,239]) than those
without POD24 (Data Supplement), as did patients with Ki-
67 PI , 30% versus those with Ki-67 $ 30% (Data
Supplement). Patients with a blastoid morphology had
slightly lower median peak CAR T-cell and AUC levels than
those with a classical or pleomorphic morphology, sug-
gesting that inflammatory characteristics of blastoid MCL
may affect robust CAR T-cell expansion (Data Supple-
ment). Pharmacodynamic profiles in high-risk subgroups
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FIG 1. (Continued)
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Relapsed/Refractory MCL:
Brexu-cel performance in R/R MCL outside clinical trial (still not “real life”)

complex karyotype in 29%, and POD24 in 51%. The
median number of prior lines of therapy was three (range,
1-10), and 77% had disease progression on a BTKi.

Of all leukapheresed patients, 149 (79%) patients would not
have met ZUMA-2 eligibility criteria, and the most common
reasons included prior therapies (eg, BTKi-naı̈ve 14%,
anthracycline-/bendamustine-naı̈ve 11%, and . 5 lines of
prior therapy 11%), disease status (eg, CNS involvement
11%), and comorbidities (eg, creatinine clearance , 60
mL/min 20%, Eastern Cooperative Oncology Group perfor-
mance status [ECOG PS] $ 2 14%, cardiac disease 10%,
pleural effusion 8%, platelet, 50,000/mL 8%, and absolute
neutrophil count, 1,000/mL 7%; Appendix Table A1, online
only). In total, 14% of leukapheresed patients would have
been ineligible for ZUMA-2 on the sole basis of being
BTKi- and/or anthracycline-/bendamustine-naı̈ve and 65%
of patients would have been ineligible for ZUMA-2 on the
basis of disease status or clinically significant comorbidities.

Bridging Therapy and Infusion

Bridging therapy was used in 128 (68%) patients and included
BTKi-based (n 5 31), venetoclax-based (n 5 10), BTKi and
venetoclax combination–based (n5 17), chemotherapy-based
(n 5 44), lenalidomide-based (n 5 6), radiation-based
(n 5 12), and anti-CD20 antibodies and/or corticoste-
roids (n 5 8; Appendix Table A2, online only). Response to
bridgingwas assessed in 95 (74%) of 128patients. In assessed
patients, the ORR to bridging therapies was 33% (6% CR and
27% partial response [PR]).

Twenty-one (11%) patients did not receive brexu-cel in-
fusion, because of the following reasons: death before
infusion (n 5 9), manufacturing failure (n 5 7), disease
progression (n 5 2), organ dysfunction (n 5 1), CR to
bridging therapy (n 5 1), or patient declined to proceed
(n 5 1). Of the 168 patients who received CAR T-cell in-
fusion, 159 received commercial brexu-cel and nine pa-
tients received an out-of-specification product through the

Expanded Access Program (n 5 2) or on single-patient
Investigational New Drug protocols (n 5 7; Fig 1).

Baseline characteristics of the 168 patients who received
brexu-cel infusion are summarized in Table 1, and ZUMA-2
ineligibility and bridging therapy characteristics are sum-
marized in Appendix Tables A1 and A2, respectively. The
median time from leukapheresis to conditioning chemo-
therapy was 28 days (range, 17-140), and the median time
from conditioning chemotherapy to brexu-cel infusion was
5 days (range, 5-15).

Safety

In patients who received brexu-cel infusion, the incidence rate
of CRS was 90% (8% grade $ 3) and the incidence rate of
ICANS was 61% (32% grade $ 3), similar to ZUMA-2 data
(Table 2). One patient had grade 5 CRS. The median time to
CRS onset was 4 days (range, 0-13), and themedian duration
of CRS was 5 (range, 1-33) days. The median time to ICANS
onset was 6 (range, 1-18) days, and the median duration of
ICANS was 6 days (range, 1-1441). Age $ 65 years, ECOG
PS $ 2, high-risk simplified MIPI, blastoid/pleomorphic var-
iant, bulky disease, and bridging therapy were associated with
higher rates of grade $ 3 ICANS, whereas CNS involvement
was not (Appendix Table A3, online only).

Medications used to manage CRS and/or ICANS included
tocilizumab (77%; median number of doses 2 [range, 1-4]),
corticosteroids (69%), anakinra (17%), and siltuximab (3%).
Twenty percent of patients required intensive care unit
admission, with a median stay of 3 days (range, 1-12); 11%
required vasopressors, 3% required mechanical ventilation,
and 2% required dialysis. Prolonged significant anemia,
thrombocytopenia, and neutropenia at day 90 occurred in
5%, 11%, and 18%, respectively, and infections requiring
antimicrobial treatment occurred in 21% before day 30 and
12% between day 31 and day 90 (Table 2).

Response to brexu-cel Therapy

The median follow-up time after infusion was 14.3 months
(95%CI, 12.7 to 15.9). Among all patients who received brexu-
cel infusion, the best ORR was 90%, with 82%CR and 8%PR
(Fig 2A and Appendix Table A4, online only). In responding
patients, themedian time to best response was 30 days (range,
16-193). ORR and CR rate for subgroups are shown in
Figure 2B. TP53 aberration (72% v 88%, P5 .029), high-risk
simplified MIPI (65% v 82%–91%, P 5 .019), and POD24
(76% v 89%, P 5 .028) were associated with lower CR rates.

Time-to-Event Outcomes

The median duration of response was 17.2 months (95% CI,
14.4 to not estimable [NE]). The rate of continuous response
at 6 and 12 months was 75% (95% CI, 68 to 82) and 65%
(95% CI, 56 to 72), respectively (Fig 2C). The median PFS
after brexu-cel infusion was 16.4 months (95% CI, 12.7 to
NE), and the 6- and 12-month PFS rate was 69% (95%CI, 61
to 75) and 59% (95% CI, 51 to 66), respectively (Fig 2D). The
median OS after brexu-cel infusion was not reached (95% CI,

Patients who underwent leukapheresis
(August 18, 2020-December 31, 2021; 

N = 189)

Patients who did not receive          (n = 21)
  CAR T-cell infusion
    Death       (n = 9, all lymphoma-related)
    Manufacture failure
    Disease progression
    Organ dysfunction
    CR to bridging therapy
    Patient declined

(n = 7)
(n = 2)
(n = 1)
(n = 1)
(n = 1)

Patients who received CAR      (n = 168)
  T-cell infusion
    Standard-of-care
    Expanded access program
    Single-patient IND protocol

(n = 159)
(n = 2)
(n = 7)

FIG 1. Patient flow diagram. CAR, chimeric antigen receptor; CR,
complete response; IND, investigational new drug.
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• 189 pts underwent leukapheresis.
• 168 (89%) received Brexu-cel. 
• 79% would not have met  ZUMA-2 eligibility criteria. Brexu-cel

(n=168)

ORR, % 90%

CR, % 82%

6-mo PFS 69%

12-mo PFS 59%

1 yo NRM 9.1%

≥ G3 CRS 8% (1 G5)

≥ G3 ICANS 32%

Wang Y, Jain P, Locke F, et at. JCO 2023
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FIG 2. (Continued).
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Relapsed/Refractory MCL:
Brexu-cel performance in R/R MCL outside clinical trial (still not “real life”)

mPFS: 17.3 mo (95%, CI, 10.7 - NE) mOS: NR (95%, CI, 17.7 - NE)

Wang Y, Jain P, Locke F, et at. JCO 2023



Relapsed/Refractory MCL:
Brexu-cel performance in R/R MCL outside clinical trial (still not “real life”)
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FIG 4. Efficacy by BTKi exposure, ZUMA-2 eligibility, bridging therapy, and bendamustine exposure. PFS by (A) prior BTKi exposure,
(B) ZUMA-2 eligibility, and (C) bridging therapy. (D) Rates of failure to infuse and manufacturing failure by prior bendamustine
exposure. Cycles were denoted in mean6 standard deviation. (E) ITT analysis of best response rate by prior bendamustine exposure.
(F) ITT analysis of PFS from leukapheresis by prior bendamustine exposure. BTKi, Bruton’s tyrosine kinase inhibitor; CR, complete
response; ITT, intention-to-treat; ORR, objective response rate; PFS, progression-free survival.
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FIG 4. Efficacy by BTKi exposure, ZUMA-2 eligibility, bridging therapy, and bendamustine exposure. PFS by (A) prior BTKi exposure,
(B) ZUMA-2 eligibility, and (C) bridging therapy. (D) Rates of failure to infuse and manufacturing failure by prior bendamustine
exposure. Cycles were denoted in mean6 standard deviation. (E) ITT analysis of best response rate by prior bendamustine exposure.
(F) ITT analysis of PFS from leukapheresis by prior bendamustine exposure. BTKi, Bruton’s tyrosine kinase inhibitor; CR, complete
response; ITT, intention-to-treat; ORR, objective response rate; PFS, progression-free survival.
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FIG 4. Efficacy by BTKi exposure, ZUMA-2 eligibility, bridging therapy, and bendamustine exposure. PFS by (A) prior BTKi exposure,
(B) ZUMA-2 eligibility, and (C) bridging therapy. (D) Rates of failure to infuse and manufacturing failure by prior bendamustine
exposure. Cycles were denoted in mean6 standard deviation. (E) ITT analysis of best response rate by prior bendamustine exposure.
(F) ITT analysis of PFS from leukapheresis by prior bendamustine exposure. BTKi, Bruton’s tyrosine kinase inhibitor; CR, complete
response; ITT, intention-to-treat; ORR, objective response rate; PFS, progression-free survival.
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Role of Prior Therapy: Bendamustine

Real World

J Clin Oncol. 2023 Jan 20;41(3):555-567.
J Clin Oncol. 2023 Feb 8 [ahead of print]

Wang Y, Jain P, Locke F, et at. JCO 2023



Marginal Zone lymphoma (MCL) 
• Indolent B-cell NHL (∼7%) originating from 

memory B- cell. 
• Diagnosis of exclusion (CD20+, CD5-, CD23-).
• DDx:

ü Lymphoplasmacytic lymphoma (MYD88).
ü Hairy cell leukemia
ü Atypical CLL (rare).  

Extranodal MZL:
ü Most common
ü Chronic antigen stimulation associated to its 

pathogenesis (i.e. infections, autoimmunity)
ü Gastric MALT, skin, lungs, etc

3 
subtypes

Splenic MZL:
ü Approx. 4% of cases
ü Presents with splenomegaly and cytopenias

reflecting involved areas. 
ü Can be associated to Hep C infection.

Nodal MZL:
ü Approx. 6% of cases
ü Presents with lymphadenopathy; 

like FL. 

1. . Broccolli & Zinzani ASH Educ Program (2020) 2020 (1): 295–305.; 2. Merli M et al. ASH education Book. 2022; (1): 676-87; Cheah CY et al. Haematologica. 2022; 107(1): 35-43

. ASH Meeting 2020



Extranodal MZL/MALT
• Gastric: Antibiotic tx (+H.pylori). 
• Non-gastric or gastric (- H.pylori):

Ø Localized disease(stage I/II): definitive radiation Tx
Ø Systemic disease (stage III/IV): Rituximab, R+chemotx, other agents at relapse.

• Primary cutaneous MZL: surgery, XRT, local steroids, rituximab.

Splenic MZL: 
• + Hepatitis C: Hep C directed therapy
• Singe agent rituximab 
• Splenomegaly 
• Chemmoimmunotherapy, other agents at relapse.

Nodal MZL: 
• Singe agent rituximab 
• Chemmoimmunotherapy, other agents at relapse 

Marginal Zone lymphoma (MCL)
General treatment approaches 

1. . Broccolli & Zinzani ASH Educ Program (2020) 2020 (1): 295–305.; 2. Merli M et al. ASH education Book. 2022; (1): 676-87; Cheah CY et al. Haematologica. 2022; 107(1): 35-43



Management of mar ginal zone lym pho mas | 679

Table 2. A selec tion of prog nos tic scores pro posed for MZLs

Score Subtype Parameters Categories

IIL score9 SMZL Hemoglobin <12 g/dL
LDH > ULN
Albumin <3.5 g/dL

Low-risk (0 fac tor): 5-y CSS 88%
Intermediate-risk (1 fac tor): 5-y CSS 73%
High-risk: (2–3 fac tors): 5-y CSS 50%

HPLL score76 SMZL Hemoglobin
Platelets
LDH
Extrahilar lymph ade nop a thy

Low-risk (0 fac tor): 5-y LSS 94%
Intermediate-risk (1 fac tor): 5-y LSS 78%
High-risk group (2–3 fac tors): 5-y LSS 69%

HPLL score sim pli fied11 SMZL Hemoglobin <9.5 g/dL
Platelets <80 × 109/l
LDH > ULN
Extrahilar lymph ade nop a thy

Group A (0 fac tor): 5-y LSS 95%
Group B (1–2 fac tors): 5-y LSS 87%
Group C (3–4 fac tors): 5-y LSS 68%

MALT-IPI10 EMZL Age >70  y
Stage III/IV
LDH > ULN

Low-risk (0 fac tor): 5-y EFS 70%
Intermediate-risk (1 fac tor): 5-y EFS 78%
High-risk group (2–3 fac tors): 5-y EFS 69

POD24 (early POD)12,13 EMZL
SMZL
Disseminated MZL

Lymphoma pro gres sion within 24 mo 
from diag no sis (yes or no)

FIL study (all  MZL)12: No: 3-y OS 88%
Yes: 3-y OS 53%
IELSG study (EMZL)13: No: 10-y OS 85%
Yes: 10-y OS 64%

CSS, cause-spe cific sur vival; EFS, event-free sur vival; HPLL, hemoglobin, platelet count, LDH, extrahilar lymphadenopathy; IIL, Integruppo Italiano 
Linfomi; LSS, lym phoma-spe cific sur vival; POD, pro gres sion of dis ease; ULN, upper level of nor mal.

Table 3. Use of anti-infec tious reg i mens in patients with MZLs

Pathogen MZL sub type, 
organ

Prevalence 
range (%)

Anti-infec tious 
reg i men Type of evi dence ORR (CR) PFS Notes

Helicobacter 
pylori

EMZL, stom ach >90% PPI, clarithromycin-
based tri ple ther apy  
with amox i cil lin or 
met ro ni da zolea

>30 ret ro spec tive 
or pro spec tive 
stud ies; data from 
>1400 pts

75% 28 mo Responses observed also 
in HP-neg a tive cases 
(false-neg a tive tests or 
other Helicobacter  
spe cies)

Chlamydophila 
psittaci

EMZL, ocu lar 
adnexa

0%-80% Doxycyclineb or 
clarithromycinc

>10 ret ro spec tive 
and 3 pro spec tive  
stud ies; data from 
>100 pts

45%-65% 55% at 5 y Wide prev a lence  
var i abil ity depending on 
geo graph i cal region

Borrelia 
burgdorferi

EMZL, skin 0%-40% Ceftriaxoned Case reports 40% NA Prevalence high in 
endemic areas; median 
7.3%

Campylobacter 
jejuni

EMZL, small 
bowel (IPSID)

up to 60% Tetracycline, 
met ro ni da zole, or 
ampi cil lin

Case reports NA NA Association with low  
socio eco nomic and  
san i ta tion sta tus

Achromobacter 
xylosoxidans

EMZL, lung 2%-46% NA NA NA NA Low vir u lence, highly 
resis tant to anti bi ot ics

Hepatitis C virus EMZL, var i ous 
nongastric sites; 
SMZL; NMZL

5%-20% DAAse Retrospective 
stud ies,  
1 pro spec tive 
study

48% 
(26%)

73% at 3 y ORR higher in EMZL

aPPI (stan dard dose) twice daily + clarithromycin 500 mg twice daily + amox i cil lin 1000 mg twice daily or met ro ni da zole 500 mg twice daily,  
for 14 days.
bDoxycycline 100 mg twice daily for 3 weeks.
cClarithromycin 500 mg twice daily for 6 months.
dCeftriaxone intra ve nously 2 g/d for 2 weeks.
eSofosbuvir/velpatasvir 400/100 mg/d for 12 weeks or glecaprevir/pibrentasvir 300/100 mg/d for 8 weeks (12 weeks for geno type 3).
CR, com plete response; IPSID, immunoproliferative small intes tine dis ease; NA, not avail  able; PPI, pro ton pump inhib i tor; pts, patients.

Downloaded from
 http://ashpublications.org/hem

atology/article-pdf/2022/1/676/2022985/676m
erli.pdf by M

OFFITT CANCER CENTER & RESEARCH INSTITUTE, Jose Sandoval-Sus on 16 April 2023

Merli M et al. ASH education Book. 2022; (1): 676-87

Infectious etiologies and anti-infective regimens in MZL 
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Role of chemoimmunotherapy in MZL 
IELSG-19: Phase III EMZL R-Chlorambucil vs. Chlorambucil vs. Rituximab:
• At 7 years of f/up R+Chlorambucil was associated to better ORR, EFS and PFS compared to individual agents. 
• OS was the same. 
• Only Phase III RTC in MZL but not useful in the US.

Study Number of MZL pts Phase ORR (CR) % Result

BRIGHT study 1

R-Bendamustine vs R-CHOP/R-
CVP

46

(28 BR vs 18 R-CHOP/R-CVP)
3 92% (20%) BR is noninferior to R-

CHOP/R-CVP

German StiL study 2

R-Bendamustine vs R-CHOP

67

(37 BR vs 30 RCHOP)
3 Not reported 

for MZL
Better PFS with BR in FL 

only, no difference in MZL. 

StiL NHL7-2008 MAINTAIN trial 3

2 year rituximab maintenance after 
R-Bendamustine

119

(Only nodal and splenic MZL, 
MALT was excluded)

2 91% (19%)
PFS improvement with 

maintenance vs 
observation

1. Zucca E et al. 2017 Jun 10;35(17):1905-19121; 2. Ian W. Flinn et al. JCO 2019; 3. Rummel MJ, et al.  Lancet. 2013:381:1203-10. and updated ASCO 2017; 4 Rummel MJ ASCO 2018



An International analysis evaluating Frontline Bendamustine with 
Rituximab in Extranodal Marginal Zone Lymphoma

Retrospective cohort

• International retrospective cohort of 237 EMZL.

• Median age: 63 yo (21-85 years). 

• Most pts had stage III/IV disease (75%) and 
intermediate and high MALT-IPI score. 

• ORR: 93.2%/CR: 81%.

• 5-year PFS: 80.5%; 5-year OS: 89.6%.

• RM improved PFS but not OS.
• MALT-IPI did not predict outcomes.

• 13% infectious complications, most common was 
Herpes Zoster.   Alderuccio J , Arcaini L et al. Blood Advances 2022



Ibrutinib Zanubrutinib Acalabrutinib
Trial NCT01980628 MAGNOLIA ACE-LY-003

Population Adult patients with R/R MZL, >1 prior therapy including anti-CD20 based antibody

Median Rx 2 (1-9) 2 (1 – 6) 1 (1-4)

N 63 (32 MALT, 14 SMZL, 17 
NMZL)

68 (26 NMZL, 26 EMZL, 
12 SMZL, 4 mixed subtype)

43 (19 EMZL, 13 (NMZL, 11 
SMZL)

ORR, % 48 68.2 52.5

CR, % 3 25.8 12.5

PFS, mo 14.2 NR 27.4 

G> 3 TEAE 71% 38.2% 39.5%

A. Fib/hypertension 8%/5% 2.9%/0% 0/4.7%

Infections all G/G> 3 NR/22% 39.7%/13.2% 34.9%/7%

Bleeding all G/G> 3 68%/3% 32.4%/0% 23.3%/0%

Diarrhea G/G> 3 48%/NR 20.6%/2.9% 25.6%/0%

An update in the treatment of R/R MZL 
BTK inhibitors in R/R MZL

Noy A et Al, Blood Advances 2020, Opat et al, Clin Can Res 2021, Strati P at Al, Br J Haematol 2022



Primary endpoint: ORR assessed by IRC according to Lugano classification 20143

Key secondary endpoints: ORR by PI, PFS, OS, DOR, safety 
Study identifier: BGB-3111-214, 
NCT03846427

Key eligibility criteria

Zanubrutinib 160 mg BID 
(N=68)

• R/R MZL patients who received 
at least one prior line of CD20-
directed regimen

Treatment until 
disease progression, 

unacceptable toxicity, 
withdrawal of consent 

or end of study

Treatment

Enrolled/safety population (N=68)
Median study follow-up:

28 months (range, 1.6-32.9)
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Zanubrutinib in R/R MZL: Final analysis of the MAGNOLIA trial 

(single arm phase 2 study)  

Opat S et al. ASH 2022, abstract 234



24-mo PFS:
Overall 71%

MALT 77%
NMZL 73%
SMZL 64%

24-mo DOR:
Overall 73%

MALT 75%
NMZL 78%
SMZL NE

Outcomes based on MZL subtype

Most common treatment associated AEs
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Opat S et al. ASH 2022, abstract 234



R+Len (R2) vs. R for R/R “Rituximab sensitive” FL/MZL) 

Leonard J, et al. Journal of Clinical Oncology 2019 37:14, 1188-1199. 

Leonard et al., ASH 2022 abstract #230

§ Multicenter, placebo-controlled, randomized phase III trial

Adult patients with R/R 
grade 1-3a FL or MZL; 

≥1 prior 
chemo/immunotherapy; 
not rituximab refractory

(N = 358)

Rituximab 375 mg/m2 + 
Lenalidomide 20 mg/day*

(n = 178†)

Rituximab 375 mg/m2 + 
PBO

(n = 180‡)

≤12 cycles or until PD, 
relapse, or intolerability;

5-yr follow-up for OS, 
SPMs, subsequent 

treatment, and histologic 
transformations

Rituximab: Days 1, 8, 15, 22 of cycle 1; Day 1 of cycles 2-5. Lenalidomide: Days 1-21 of 28. Prophylactic 
anticoagulation recommended for at-risk patients. Growth factor use allowed per ASCO/ESMO guidelines. 
*10 mg/day if CrCl 30-59 mL/min. †FL, n = 147; MZL, n = 31. ‡FL, n = 148; MZL, n = 32.

Stratified by prior rituximab (yes vs no), time since last therapy 
(≤ vs >2 yr), histology (FL vs MZL)

§ Primary endpoint: PFS by IRC (2007 IWG criteria without PET)

Histology (FL/MZL), % 83/17% 82/18% 82/18%

MZL subtype (n=63)

MALT 14 16 30

Splenic 9 6 15

Nodal 8 10 18



R2

(n=178)
R-Placebo 

(n=180) HR P Value

Median PFS 27.6 mo 14.3 mo 0.50 (0.38-0.66) <0.0001

mPFS (MZL pts) 20.2 mo 25.2 1 1
5-year Overall 
Survival 83.2 % 77.3 % 0.59 (0.37-0.95) 0.0285

All patients MZL patients (n=63)
R2 Rituximab R2 Rituximab

ORR 78% 53% 65% 44%
CR 34% 18% 29% 13%

OS PFS

ASH 2022: 5.5 year f/up of the AUGMENT Phase III trial

Leonard J, et al. Journal of Clinical Oncology 2019 37:14, 1188-1199. 

Leonard et al., ASH 2022 abstract #230



3-Year F/up Analysis of ZUMA-5: A Phase 2 Study of Axi-Cel in Patients With 
Relapsed/Refractory Indolent Non-Hodgkin Lymphoma

Progression-Free Survival Overall Survival

• 159 pts were enrolled (127 FL; 31 MZL). 
• 152 were treated with axi-cel (124 FL; 28 MZL).
• Median f/up: 40.5 mo (FL: 41.7 mo/MZL: 31.8 mo)
• ORR for MZL: 83%; CR for MZL: 65%

1.Jacobson C, Chavez JC et al. Lancet Oncol 2022; 23: 91–103 ; 2. Neelapu SS et al. ASH 2022. Abstract 4660 



J Sandoval-Sus and JC Chavez 

journals.sagepub.com/home/tah 3

study showed that patients with relapse FL 
<1 year after frontline therapy showed a better 
5-year OS for the patients treated with autologous 
HCT compared observation (73% versus 60%, 
respectively).40 Other studies have also shown that 
autologous HCT may provide long disease remission 
but without a clear survival plateau.41,42 Table 1 
provides a summary of key studies in R/R FL and 
MZL.

Axicabtagene ciloleucel: structure  
and mechanism of action
The basic and clinical development of axicabta-
gene ciloleucel (axi-cel) has been extensively 
described.43,44 The concept of CAR-T cells 
started with the earlier work by Eshhar et  al.45 
using single chain variable fragment antibody 
domain (svFC) with single signal (without 
costimulation), known as first generation CAR, 
which promoted cytotoxic activity but limited 

clinical efficacy.46 A major improvement in 
CAR-T cell design was the addition of a costimu-
latory signal (CD28, 4-1BB, etc.) that led to bet-
ter CAR-T cell signaling strength, expansion, 
persistence, and pre-clinical and clinical effi-
cacy.47,48 Axi-cel (formerly KTE-C19) is a CAR 
construct with an extracellular portion, composed 
by a svFC domain that targets CD19; a trans-
membrane or hinge portion and intracellular 
(signaling) portion composed by a CD3zeta acti-
vation domain coupled with the costimulatory 
molecule, CD28 (CD19-CD28-CD3zeta).49

A central role of the immune system in cancer is the 
antitumor response, which is mediated mainly by 
T-cell activation and cytotoxicity upon activation of 
the T-cell receptor (TCR) – a process mediated by 
presentation of tumor peptides/antigens by the 
major histocompatibility complex (MHC). Several 
mechanisms, such as MHC downregulation, T-cell 
exhaustion, T-cell senescence, etc., impair these 

Table 1. Selected trials in relapsed/refractory follicular lymphoma and marginal zone lymphoma.

Study/phase Type of 
lymphoma

Regimen Number of 
patients

ORR%/CR% PFS, months OS, months

P III FL/MZL B+O; O 
maintenance

164 FL/28 MZL 69.1/11.2 25.8 months 41 months

Leonard et al.30/P III FL/MZL Rituximab 
plus 
Lenalidomide

147 FL/31 MZL 78/34 39.4 months 2 years 
OS = 95% FL
2 years 
OS = 82% MZL

Gopal et al.31/P II FL/MZL Idelalisib 72 FL/15 MZL 57/6 11 months FL
7 months MZL

20.3 months

Flinn et al.32/P II FL/MZL Duvelisib 83 FL/18 MZL 40/20 FL
66.7/0 MZL

9.5 mo. 28.9 months

Dreyling et al.33/P II FL/MZL Copanlisib 104 FL/23 MZL 58.7/20.2 FL
78.3/13 MZL

12.5 months
24.1 months

42.6 months
83% at 
2 years

Zinzani et al.34/P II FL
MZL

Umbralisib 117 FL
69 MZL

53/12 FL
55/10.5 MZL

16 months
71% at 12 months

NR
NR

Gopal et al.35/P II
Noy et al.36/P II

FL
MZL

Ibrutinib 110 FL
63 MZL

20.9/11
48/3

4.6 months
14.2 months

78% at 
2 years
81% at 
18 months

Morschhauser et al.37/P II FL Tazemetostat 45 EZH2 mut FL
54 EZH2 wt FL

69/11
35/3

13.8 months
11.1 months

 

B, bendamustine; CR, complete response; FL, follicular lymphoma; MZL, marginal zone lymphoma; NR. not reported; O, obinutuzumab; ORR, 
overall response rate; OS, overall survival; PFS, progression free survival. FL/MZL Axi-cel 124 FL/24 MZL 94/79 FL/

83/65 MZL

36 mo PFS:
FL: 54%

MZL: 56%

36 mo OS:
All: 74.7%
FL: 75.3%

MZL: 73.8%

Jacobson C et 
al./Phase II

Sandoval-Sus and Chavez JC. Ther Adv Hematol May 2021



Some of the upcoming trials in MZL

Population Phase Treatment regimen 
Trial  

Status
Primary 

Endpoint(s) NCT#

Frontline MZL 3
Ibrutinib+rituximab

Vs.
Rituximab 

Recruiting CR at 30 
months 04212013

R/R MZL or FL 3 Zanubrutinib + R Vs. R2 Recruiting PFS 05100862

R/R NHL including 
MZL 1/2 Epcoritamab Recruiting Safety/ORR 03625037

R/R MZL or FL 3 Tafasitamab+R2 Vs. R2 Recruiting PFS 04680052

R/R MZL 2 Tafasitamab+Acalabrutinib Recruiting CCR 04646395



Thank you for finishing this marathon with me!

Email: 
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