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ABSTRACT
Follicular lymphoma (FL), the second most common subtype of non-Hodgkin lymphoma, relies on 
interactions with immune elements in the tumor microenvironment, including T-follicular helper cells 
and follicular dendritic cells, for its survival and progression. Despite its initial responsiveness to che-
moimmunotherapy, FL is generally considered incurable. Strategies to improve immune-mediated control 
of FL could significantly benefit this population, particularly as it includes many elderly and comorbid 
patients. Immune cell engagers, especially bispecific antibodies (BsAbs), are crucial in targeting FL by 
bridging tumor and effector cells, thereby triggering T-cell activation and cytotoxic killing. CD3 × CD20 
BsAbs have shown the most promise in clinical development for B-NHL patients, with structural variations 
affecting their target affinity and potency. This review summarizes the current clinical trials of BsAbs for 
relapsed/refractory FL, highlighting the approval of some agents, their role in first-line treatment or 
combination therapies, their toxicity profiles, and the future of this therapeutic approach compared to 
other immune cell therapies.
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Introduction

Follicular lymphoma (FL) is the second most common non- 
Hodgkin lymphoma (NHL) subtype and is characterized by the 
abnormal proliferation of mature B cells in the germinal center 
of lymphoid follicles1. While indolent in behavior and exqui-
sitely responsive to initial chemoimmunotherapy, FL is con-
sidered incurable in the majority of patients.2,3

Recent research into the pathobiology of FL has revealed 
that these tumor cells require interactions with immune ele-
ments in the microenvironment (ME) which foster their sur-
vival and promote tumor progression.4 Previous studies have 
suggested that T-follicular helper cells and follicular dendritic 
cells may contribute to FL lymphomagenesis and that the 
degree or patterns of infiltration of some nonmalignant cell 
subsets may correlate with treatment outcomes.5,6 

Additionally, in a retrospective study, Tobin et al.7 classified 
newly diagnosed FL samples as having high or low pre- 
treatment immune infiltration based on the expression of 12 
immune effector, immune checkpoint, and macrophage genes. 
Low programmed death ligand-2 expression, indicating low 
immune infiltration, was more commonly found in patients 
with progression within 24 months of chemoimmunotherapy 
(POD24) suggesting a more aggressive behavior. Thus, under-
standing the interplay between FL cells and ME T-cell popula-
tions is critically important for designing rational and effective 
therapeutic strategies for this disease.8

Immune cell engagers are antibodies with multiple binding 
sites that bridge tumor cells and effector cells by co-targeting 
one or more tumor antigens and effector cell-surface 

molecules, thereby promoting the formation of an immunolo-
gical synapse, T-cell activation, and cytotoxic killing in a major 
histocompatibility complex-independent fashion.9 Most bispe-
cific antibodies (BsAb) have a full-length, IgG-like structure, 
and share pharmacologic properties with monoclonal antibo-
dies. These agents are produced through various technologies, 
such as “knobs-into-holes”, which ensures consistent pairing of 
heavy chains through complementary mutations in the CH3 
domain.10 Another approach uses similar technology to facil-
itate heterodimerization and address light-chain mispairing 
through domain crossover.11 Additionally, many BsAbs feature 
Fc region silencing mutations to prevent unwanted T-cell 
activation and “fratricidal” killing via antibody-dependent cel-
lular cytotoxicity and complement fixation.12

So far, BsAbs against CD3 and CD20 (CD3 × CD20 BsAbs) 
have undergone the most extensive clinical development in 
patients with B-NHL. Structurally, these agents may possess 
one or more CD20-binding Fabs in different spatial configura-
tions, conferring different target affinity and in vitro potency.13

The safety profile of BsAbs has been generally manageable 
and consistent across clinical trials, with most adverse events 
(AEs) attributable to T-cell overactivation. The frequency of 
AEs varies depending on the agent, route of administration, 
and dosing schedule. Cytokine release syndrome (CRS) is 
among the most frequently reported AEs, typically manifesting 
as chills, fever, skin rash, hypotension, hypoxia, and confusion. 
Neurological toxicities have been rarely observed, and included 
delirium, dysphasia, tremor, lethargy, impaired concentration, 
agitation, confusion, aphasia, depressed consciousness, ence-
phalopathy, seizures, and cerebral edema.12
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In this review, we provide an overview of the current clinical 
trial landscape of BsAb for patients with relapsed/refractory 
(R/R) FL, both as monotherapy and in combinations, and offer 
our perspective on the future of the field.

Relapsed/refractory FL

Single-agent trials
Mosunetuzumab, an IgG1-like CD20 × CD3 BsAb, marked 
a milestone as the first BsAb to receive United States Food 
and Drug Administration (US FDA) accelerated approval for 
treating adult patients with R/R FL after at least two prior lines 
of systemic therapy.14 Intravenous (IV) mosunetuzumab was 
administered in 21-day cycles with cycle 1 consisting of step-up 
dosing: 1 mg on cycle 1 day 1, 2 mg on cycle 1 day 8, 60 mg on 
cycle 1 day 15 and cycle 2 day 1, and 30 mg on day 1 of cycle 3 
and onwards. Treatment was stopped after cycle 8 for patients 
in complete response (CR), whereas patients with a partial 
response (PR) or stable disease (SD) continued treatment for 
up to 17 cycles (Figure 1).15 In the extended follow-up from the 
phase 1/2 study (NCT02500407), mosunetuzumab showed 
a favorable safety profile with an overall response rate (ORR) 
of 65.7%, including a 49.3% CR rate and a median duration of 
the response (DOR) of 23.2 months (95% CI: 13.8–not 
reached) in the indolent NHL cohort.16 In the pivotal phase 2 
study involving 90 patients with R/R FL, the observed ORR and 
CR rates were 77.8% (95% CI: 67.8–85.9) and 60% (95% CI: 
49.1–70.2), respectively. The median DOR was 35.9 months 
(95% CI: 20.7–not reached) overall, and it was not reached 
among patients who achieved a CR, with a median progres-
sion-free survival (PFS) of 24 months (95% CI: 12.0–not 
reached). CRS was the predominant AE in 44% of the patients, 
but only 2% of the patients experienced grade 3–4 episodes. It 
occurred primarily during cycle 1, particularly on step-up day 1 
(23%) or the target-dose administration on day 15 (36%). 
Among other frequently reported AEs, fatigue was noted in 
37% of the cases, headache in 30%, and pyrexia in 28%. 
Neurological toxicity was rarely observed (5%) and always of 
grade 1–2 (Table 1). The most prevalent grade 3–4 AE was 
neutropenia (25% of the patients).17

Epcoritamab is a full-length IgG1-like CD20 × CD3 
BsAb derived from a humanized mouse anti-human CD3 
monoclonal antibody and obtained through controlled Fab 
exchange technology.18 It is administered exclusively via 
subcutaneous (SC) injection and recently received acceler-
ated approval by the US FDA for the treatment of adult 
patients with R/R FL after two or more lines of systemic 
therapy. In the EPCORE NHL-1 phase 1/2 trial 
(NCT03625037), epcoritamab was administered in step-up 
doses during cycle 1 (in the pivotal cohort, 0.16 mg prim-
ing dose on day 1 and a 0.80 mg intermediate dose on day 
8; in the optimization cohort, a second intermediate dose 
of 3 mg on day 15 and prophylactic dexamethasone in lieu 
of prednisone were added), followed by full doses of 48 mg 
in 28-day cycles until disease progression or unacceptable 
toxicity (Figure 1). Among 128 patients treated in the 
pivotal expansion cohort, the ORR and CR rates were, 
82%, and 63%, respectively. The median PFS was 15.4  
months, while the median DOR and overall survival (OS) 

were not reached. Among the observed AEs, CRS was the 
most common, occurring in 67% of the patients (40% G1, 
25% G2, 2% G3), followed by injection-site reactions 
(57%), fatigue (30%), neutropenia (29%), diarrhea (27%), 
and pyrexia (25%). Neurotoxicity was reported in 6% of the 
patients, all cases being of grade 1–2. Clinically meaningful 
reductions in the rate and severity of CRS were observed in 
the optimization cohort, with CRS reported in 42 (49%) of 
86 patients, exclusively of grade 1 or 2 (Table 1).19

Glofitamab is a third full-length Ig-like CD20 × CD3 
BsAb, with a unique 2:1 configuration that enables bivalent 
binding to CD20 on B cells and monovalent binding to CD3 
on T cells, improving target-effector cell binding.20 In 
a phase 1 trial (NCT03075696), 171 patients with R/R 
B-NHL were enrolled, including a cohort of 44 patients 
with FL. Patients received IV obinutuzumab (1000 mg) 7  
days before the first dose of glofitamab, with a step-up 
dosing IV infusion of glofitamab in 14- or 21-day cycles 
(Figure 1). In the FL cohort, the ORR was 70.5%, including 
47.7% achieving a CR. The median PFS of the FL cohort was 
11.8 months (95% CI, 6.3 to 24.2). Among the 31 responders, 
the median DOR was 10.8 months (95% CI, 3.8 - NR).21 

Morschhauser et al.22 explored the safety and efficacy of 
glofitamab either as monotherapy (N = 53 patients) or in 
combination with obinutuzumab (N = 19 patients), for up 
to 12 cycles every 21 days in patients with R/R FL, both 
following a pre-treatment fixed 1000 mg dose of obinutuzu-
mab. Response rates were similar in the monotherapy and 
combination arms (ORR 81% and 100%, respectively; CR 
rate 70% and 73.7%, respectively). CRS, predominately 
grade 1–2, emerged again as the most common AE, affecting 
66% and 79% of the patients in the monotherapy and com-
bination cohorts, respectively. Notably, no neurotoxicity 
events related to glofitamab were reported. Other common 
AEs included infusion-related reactions and pyrexia (28%) as 
well as neutropenia (26% in monotherapy and 58% in the 
combination group).

Finally, odronextamab, a hinge-stabilized, fully human 
IgG4-based CD20 × CD3 BsAb, exhibited promising results 
in the phase 2 ELM-2 study (NCT03888105).23 

Odronextamab was administered IV weekly in 21-day cycles 
during cycles 1–4 with step-up doses of 0.7/4/20 mg on days 
1/2, 8/9, and 15/16 with a split infusion of 4 h per day during 
C1, followed by 80 mg in C2–4, and then continued at 160  
mg every 2 weeks until disease progression or unacceptable 
toxicity. Patients who achieved a durable CR for ≥9 months 
transitioned to every-4-week dosing (Figure 1). The ORR 
and CR rates were 80% and 72%, respectively. The median 
DOR was 22.6 months, and the median duration of CR 
duration was 25.1 months. The median PFS was 20.7 months 
(95% CI: 17.2–27.5), and the median OS was not reached. 
The most common AEs were CRS (56%), neutropenia (39%), 
and pyrexia (38%). Notably, with the step-up regimen 98% 
of CRS events were grade 1/2, and only one low-grade 
neurotoxicity event was reported. Grade ≥3 infections 
occurred in 54 (42%) of patients, including fatal events in 
14 (11%), eight of which were due to COVID-19 infections 
(Table 1). The findings supported the approval of odronex-
tamab by the European Medicines Agency.

2 A. RIVAS-DELGADO ET AL.



Combination trials
Lenalidomide is an immunomodulatory agent with robust 
activity in FL and it has been investigated as a combination 
partner for BsAbs, leveraging the non-overlapping toxicity 
profiles and potential immunologic synergism between the 
two agents (Table 1). In a phase 1b study (NCT04246086) 
involving 29 patients with R/R FL, mosunetuzumab was admi-
nistered concurrently with lenalidomide at the starting dose of 
20 mg orally daily on days 1 through 21 of cycles 2 through 12. 
This combination produced an ORR of 89.7% and CR rate of 
65.5%. CRS events occurred in eight patients (27.6%), all grade 
1–2. Five patients (19%) experienced grade 3–4 neutropenia, 
but no febrile neutropenia events were reported.24 Building 
upon these findings, the CELESTIMO trial (NCT04712097), 
an ongoing phase 3 randomized, multicenter, open-label study, 
is evaluating the efficacy and safety of mosunetuzumab and 
lenalidomide versus rituximab and lenalidomide in patients 
with R/R FL who have received at least one line of systemic 
therapy.25

Epcoritamab was tested in combination with lenalidomide 
and rituximab within the phase 1/2 EPCORE NHL-2 trial 
(NCT04663347). The BsAb was administered weekly during 
the first 2 or 3 cycles, then every 4 weeks for a total of up to 2  
years, while rituximab and lenalidomide were given for up to 6 
and 12 4-week cycles, respectively. The triplet demonstrated 
remarkable efficacy with a manageable and predictable safety 
profile. Specifically, among 109 patients treated, the ORR was 
98%, with an observed CR rate of 87%. These results proved 
consistent across high-risk subgroups, including patients with 
POD24, those with primary refractory lymphoma (lacking 
response or experiencing relapse within 6 months of initial 
treatment), and those with disease refractory to both anti- 
CD20 antibodies and an alkylating agent.26 These encouraging 
data constituted the rationale for the ongoing phase 3 EPCORE 
FL-1 trial (NCT05409066), which compares epcoritamab plus 
rituximab-lenalidomide versus rituximab-lenalidomide in 
patients with R/R FL who have received at least one prior line 
of anti-lymphoma therapy with a treatment duration limited at 
twelve 28-day cycles.27

Moving BsAbs to the front-line setting

While the standard of care for advanced-stage high-burden FL 
is still represented by traditional chemoimmunotherapy, 
BsAbs-based therapies have the potential to challenge this 
paradigm.28–33 The impressive results of these chemotherapy- 
free regimens created the rationale for their use in patients with 
newly diagnosed FL with the added potential benefit of redu-
cing long-term toxicities, including secondary malignancies 
(Table 2).

Mosunetuzumab is currently being evaluated as a single 
agent in a phase 2 multicenter trial (NCT05389293) in 
patients with newly diagnosed grade 1–3A FL requiring 
systemic therapy according to the Groupe d’Etude des 
Lymphomes Folliculaires (GELF) criteria. The drug is 
administered SC at the initial dose of 5 mg on day 1, 
followed by the full dose of 45 mg on days 8 and 15, then 
45 mg on day 1 of each 21-day cycle for up to eight cycles 
in patients achieving CR, and up to 17 cycles in those with 
PR (Figure 1). Data from the first 43 patients showed 
promising early results, with a best ORR of 96% and CR 
rate of 81% among 26 evaluable patients. Notably, these 
responses remained consistent across high-risk subgroups 
characterized by high-risk FLIPI, grade 3A FL, bulky dis-
ease, or higher SUVmax (≥13). Fifty-four percent of patients 
experienced CRS, almost exclusively grade 1, with only two 
patients developing a grade 2 episode.34 A similar approach 
was used in trial NCT05169658 involving patients with 
untreated FL or MZL. In that study, patients in SD or PR 
after eight cycles of mosunetuzumab could receive six 
cycles of polatuzumab vedotin and obinutuzumab. In 
a preliminary report, 27 patients completed mosunetuzu-
mab therapy, achieving an ORR of 100% and CR rate of 
71%. Among 35 patients evaluable for safety, 66% experi-
enced grade 1 CRS, with no grade 2 or higher CRS or 
neurotoxicity.35

A third trial (NCT05207670) is investigating SC mosunetu-
zumab in patients with previously untreated, low-tumor bur-
den FL.36 Among the first 24 efficacy evaluable patients, 23 
achieved an objective response (95.8%; 95% CI: 78.9–99.9), and 

Table 1. BsAb studies in R/R FL patients.

BsAb N Phase ORR% (CR) DOR, mo PFS, mo OS, mo
Follow-up, 

mo CRS/NEUROTOXICITY

Mosunetuzumab≠ 15 90 II 77.8 (60) 35.9 (20.7 - NR) 24 (12–NR) NR 37.4 CRS: 44% (G ≥ 3: 25) 
Neurotoxicity: 5% (G ≥ 3: 0)

Glofitamab21 44 I 70.5 (47.7) 10.8 (3.8-NR) 11.8 (6.3–24.2) NA 13.5* CRS: 50.3% (G ≥ 3: 4.6)* 
Neurotoxicity : 5.3% (G ≥ 3: 0)*

Epcoritamab≠ 19 128§ I/II 82 (63) NR (13.7-NR) 15.4 (10.9-NR) NR 17.4 CRS: 65% (G ≥ 3: 2) 
Neurotoxicity : 6% (G ≥ 3: 0)

86‡ I/II 86 (64) NA NA NA 5.7 CRS: 49% (G ≥ 3: 0) 
Neurotoxicity : 0%

Odronextamab23 128 II 80 (72) 22.6 20.7 
(16.7–26.5)

NR 26.6 CRS: 56% (G ≥ 3: 4) 
Neurotoxicity : 1% (G ≥ 3: 0)

Mosunetuzumab + Lenalidomide24 29 Ib 89.7 (65.5) NA NA NA 5.4 CRS: 27.6% (G ≥ 3:0) 
Neurotoxicity : 3.4% (G ≥ 3: 0)

Epcoritamab + Rituximab + Lenalidomide26 109 I/II 97(86) NA NA NA 8.8 CRS: 46% (G ≥ 3:2) 
Neurotoxicity : 1.8% (G ≥ 3: 0)

≠FDA approved; *Reported for all glofitamab cohorts including 171 with B-NHL; §Pivotal cohort and ‡optimization cohorts from EPCORE NHL-1 study; ORR = overall response 
rate; CR = complete response; DOR = duration of response; PFS = progression-free survival; OS = overall survival; CRS = cytokine release syndrome; G = grade; NA = not 
available; NR = not reached.
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20 a CR (83.3%; 95% CI: 62.6–95.3). CRS occurred in 43.3% of 
the patients, and neurotoxicity was reported in two cases.

The combination of SC mosunetuzumab (45 mg) and lena-
lidomide (20 mg) was also investigated in previously untreated 
FL (NCT04246086). Among 27 evaluable patients, 24 (89%) 
achieved an objective response and 22 (82%) a CR.37 This 
combination is also being evaluated in a separate phase 2 trial 
(NCT04792502) including FL and MZL in need of first-line 
systemic therapy.38 Other combinations under investigation 
include mosunetuzumab combined with tazemetostat 
(NCT05994235), mosunetuzumab plus polatuzumab vedotin 
(NCT05410418), and the same combination with the addition 
of obinutuzumab in patients with untreated indolent B-NHL 
(NCT05169658).

The EPCORE NHL-2 trial (NCT04663347) included two 
arms looking at epcoritamab in combination with either ritux-
imab and bendamustine (arm 3) or rituximab and lenalido-
mide (arm 6) in previously untreated FL. Recent results from 
41 patients treated in arm 6 showed a 95% ORR and 85% CR 
rate, with an estimated 18-month PFS at 89% and OS at 90%. 
The most common AEs reported were COVID-19 infection 
(63%), CRS (56%, all grade 1–2), and neutropenia (56%), with 
no neurotoxicity events reported.39 A randomized trial 
(NCT06191744) is underway comparing the efficacy of epcor-
itamab plus rituximab and lenalidomide to chemoimmu-
notherapy as a first-line FL treatment.

Finally, two additional randomized phase 3 studies 
(NCT06091254 and NCT06097364) are testing single-agent 
odronextamab or odronextamab plus chemotherapy against 
standard chemoimmunotherapy in patients with previously 
untreated FL.

Beyond CD20 × CD3 BsAb: novel agents

Targeting single-surface molecules with T-cell-based therapies 
imposes significant selective pressure on the lymphoma clonal 
architecture, potentially facilitating the emergence of new or 
preexisting antigen-negative variants.40 For example, Schuster 
et al.41 analyzed tumor samples from the initial phase 1/2 
mosunetuzumab trial, identifying loss of CD20 expression in 
34% of the biopsies collected upon disease progression attri-
butable to acquired mutations in MS4A1, the gene encoding 
CD20. Other mechanisms of CD20 loss may include alternative 
splicing, leading to the production of translation-competent or 
-deficient isoforms and ultimately reducing CD20 
translation,42 or other post-transcriptional modifications.

To overcome this mechanism of resistance, new BsAbs 
against alternative targets have been developed and are cur-
rently being tested in clinical trials (Table 3). AZD0486 binds 
to CD19 on the target B-cell and CD3 on the T-cell. Early 
results of a phase 1 trial (NCT04594642) involving 17 patients 
with heavily pretreated (3 L+) FL, showed an ORR and CR rate 

Table 2. Clinical trials of BsAbs in monotherapy and/or combinations including untreated FL.

Clinical Trial Phase Drugs Comments
Mechanism of 

action
Primary 

Endpoints Key Secondary Endpoints
Estimated 

Enrollment

NCT05389293 II Mosunetuzumab Untreated 
FL grade 

1-3A

CD3 x CD20 BsAb CR rates ORR, TEAE, PFS 76

NCT05169658 II Mosunetuzumab ± Polatuzumab 
Vedotin + Obinutuzumab

Untreated 
FL grade 

1-3A, or MZL

CD3 x CD20 BsAb ± 
anti-CD79b ADC 
+ anti-CD20

CR rates ORR 42

NCT05410418 II Mosunetuzumab + Polatuzumab 
Vedotin

Untreated 
FL grade 

1-3A

CD3 x CD20 BsAb + 
CD79b ADC

CR rates ORR, PFS, OS, TNTT, TEAEs, DOR, TTR 34

NCT05994235 II Mosunetuzumab + Tazemetostat Untreated 
FL grade 

1-3A

CD3 x CD20 BsAb + 
EZH inhibitor

CR rates ORR, PFS, OS, DOR 50

NCT04246086 Ib/II Mosunetuzumab + Lenalidomide Untreated 
FL grade 

1-3A

CD3 x CD20 BsAb + 
IMID

DLT, TEAE Pharmacokinetics, ORR, CR, DOR 187*

NCT04663347 II Mosunetuzumab + Lenalidomide Untreated 
FL grade 

1-3A, or MZL

CD3 x CD20 BsAb + 
IMID

CR rates PFS 52

NCT06191744 III Epcoritamab + Lenalidomide + 
Rituximab vs. Rituximab or 
Obinutizumab + Chemotherapy

Untreated 
FL grade 

1-3A

CD3 X CD20 BsAb + 
IMID + anti-CD20

CR30 rates PFS, OS, MRD negativity, quality of 
life, best OR, EFS, DOR, DOCR, 
TNTT, PRO, PGIC/S

900

NCT05783609 II Epcoritamab + Rituximab Untreated 
FL grade 

1-3A

CD3 x CD20 BsAB + 
anti-CD20

EOT CR Best ORR, best PR, EOT PR, EOT ORR, 
DOR, PFS, TNTT, toxicities

35

NCT06112847 II Epcoritmab + Lenalidomide Untreated 
FL grade 

1-3A

CD3 x CD20 BsAB + 
IMID

CR rates ORR, PFS, DOR, AEs 27

NCT06091254 III Odronextamab vs. Rituximab + 
Chemotherapy

DLT, TEAE, 
CR30

Pharmacokinetics, ADA, PFS, EFS, 
CR30, OS, Quality of life, DOR, 
TEAE, TNTT, PRO, PGIC/S

473

NCT06097364 III Odronextamab + chemotherapy vs. 
Rituximab + chemotherapy

Untreated 
FL grade 

1-3A

CD3 x CD20 BsAb DLTs, TEAE, 
CR30

Pharmacokinetics, ADA, best ORR, 
PFS, CR30, Quality of life, EFS, OS, 
DOR, TNTT, TEAE, PGIC/S

733

*Include patients in the cohort for R/R FL; CR = complete metabolic response; ORR = overall response rate; TEAE = treatment emergent adverse effects; PFS = 
progression-free survival; DOR = duration of response; DLT = drug limiting toxicities; TTR = time to response; OS = overall survival; TNTT = time to next treatment; 
CR30 = complete response rate at 30 months; MRD = minimal residual disease; PRO= patient-related outcomes; DOCR = duration of complete response; EFS = event- 
free survival; PGIC = patient global impression of change/severity; EOT = end of treatment; ADA = anti-drug antibodies.
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of 91% at a median follow-up of 7 months (range 1–22). 
Among patients with POD24 or those whose lymphoma lost 
the expression of CD20 after CD20 BsAb, the ORR and CR rate 
were 100%. All CRS reported were grade 1 (59%) or grade 2 
(12%). Neurotoxicity was reported in 24% of the patients, and 
it was of grades 1–2 except for 1 patient with a grade 3 event. 
The recommended phase 2 dose of this drug is yet to be 

determined.43 The introduction of a step-up dosing approach 
led to a decrease in the incidence of grade 1–2 CRS from 62.5% 
to 22.2%, and grade 1–2 neurological AEs from 20% to 5.6%. 
No grade 3 events occurred in either category.44 

Another approach to overcome antigen loss is to target two 
separate tumor markers simultaneously. JNJ-80948543, 
a trispecific Ab targeting CD20 and CD79b on B-cells and 

Figure 1. BsAbs doses and schedule administration.

Table 3. Clinical trials involving novel agents in B-NHL.

Clinical Trial Phase Drugs Comments Mechanism of action Primary Endpoints Key Secondary Endpoints
Estimated 

Enrollment

NCT05424822 I JNJ- 
80948543

B-NHL and 
CLL

CD3 x CD20 x CD79b DLT, AEs Pharmacokinetics, ORR, CR, TTR, DOR 180

NCT04594642 I TNB-486 R/R B-NHL CD19 x CD3 DLT ORR, PFS, DOR 116
NCR04077723 I/II RO7227166 R/R B-NHL 41BBL + CD20 X CD3 DLT, AEs, ORR, DCR, DOR, PFS, 

OS, CR
Pharmacokinetics, AEs, ADA, TFR, 

Quality of life
498

NCT05397496 I PIT565 R/R- B-NHL CD19 x CD3 x CD2 DLT Pharmacokinetics, ORR, CR, OS,PFS, 
EFS,

140

NCT05219513 I RO7443904 R/R- B-NHL CD19 x CD28 + CD20 
X CD3

DLT, AEs Pharmacokinetics 53

DLT = Drug limiting toxicities; AEs = adverse effects; ORR = overall response rate; CR = complete metabolic response; TTR = time to response; DOR = duration of 
response; PFS = progression-free survival; OS = overall survival; DOCR = duration of complete response; ADA = anti-drug antibodies; EFS = event-free survival; DCR = 
Disease control rate; TFR = time to response.
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CD3 on T-cells, is being investigated in a phase 1 study in 
patients with B-NHL or chronic lymphocytic leukemia 
(NCT05424822).45

In patients experiencing relapse while maintaining anti-
gen expression, a notable expansion of T cells within the 
tumor ME was observed, albeit with signs of exhaustion, 
reflecting deficiencies in the effector cell compartment. 
Fixed-duration, intermittent BsAb therapy may mitigate 
T-cell exhaustion and enhance tumor control while redu-
cing patient toxicity compared to intense or prolonged 
treatment schedules.46,47 IPH6501 is a tetraspecific anti-
body-based NK cell engager that targets both CD16a and 
NKp46 receptors on NK cells, as well as the IL-2 receptor 
via an engineered IL-2 variant (IL2v), and CD20 on 
B-NHL cells. This multifaceted approach enhances NK 
cell activation, proliferation, cytotoxicity against tumor 
cells, and cytokine production. Preclinical in vivo studies 
in non-human models have demonstrated potent activity 
across various B-NHL cell lines, including those with low 
CD20 expression, while reducing cytokine release, suggest-
ing a potentially improved safety profile. IPH6501 is cur-
rently under investigation in a global, first-in-human 
phase 1/2 clinical trial (NCT06088654)48

Combination therapies involving immune checkpoint 
blockade or other immunomodulator agents have demon-
strated the ability to reinvigorate immune responses and 
enhance anti-tumor activity. Additionally, combining 
some chemotherapy agents with immunotherapy holds 
promise in augmenting the efficacy of cell engagers, pro-
moting immunogenic cell death, depleting regulatory 
T cells, facilitating T cell proliferation, and reducing mye-
loid-derived suppressor cells.9

Another approach to reinvigorating anti-tumor T cell 
responses involves targeting co-stimulatory receptors. 
Englumafusp alfa (RO7227166) is an antibody-like fusion 
protein simultaneously targeting CD19 on B-cells and 
4-1BB on T-cells and other immune cells. Preclinical and 
correlative studies have shown that the combination of 
glofitamab and englumafusp alfa enhances anti-tumor effi-
cacy by promoting increased infiltration of activated CD8 
T cells into the tumor microenvironment.49 This combina-
tion is being evaluated in a first-in-human multicenter 
open-label phase 1 trial (NCT04077723). The preliminary 
report encompassed 24 patients with R/R indolent B-cell 
NHL (23 FL and 1 MZL), and the observed best ORR for 
FL patients was 91%, with a CR rate of 73%.50 RO7443904 
(also known as RG6333), a bispecific CD19-targeted CD28 
agonist (CD19-CD28), significantly enhanced T-cell effector 
functions in ex vivo assays and enhanced glofitamab- 
mediated regression of aggressive lymphomas in humanized 
mouse models and is currently being evaluated in a phase 1 
clinical trial in combination with glofitamab in R/R B-NHL 
(NCT05219513).51 PIT565, a CD3 × CD2 × CD19 trispecific 
antibody, designed to elicit a more robust and enduring 
antitumor response and mitigate T-cell exhaustion is being 
explored in a multicenter phase 1 study with R/R CD19- 
positive B-cell hematologic malignancies after the failure of 
more than two lines of therapy.52

Topics of special interest

Managing adverse events
CD20 × CD3 BsAbs have demonstrated promising results in both 
frontline and relapse settings with a manageable toxicity profile. 
As previously mentioned, the most common AE following the 
administration of CD3 × CD20 BsAbs is CRS. Recently, consen-
sus-based guidelines have been developed to assist clinicians in 
safely managing BsAb-related immune activation toxicities.53 

Some of the strategies recommended to reduce the incidence 
and severity of CRS include: 1) Adequate pre-medication, includ-
ing the use of prophylactic corticosteroids, which should be admi-
nistered per the prescribing label for each BsAb; 2) use of a step-up 
dosing schedule in cycle 1, in order to more gradually activate the 
immune system and mitigate the risk of an early, uncontrolled 
inflammatory response leading to CRS or other immune-related 
toxicities; 3) assessment of pre-treatment patient- and disease- 
related risk factors, early recognition of CRS symptoms, and 
prompt referral to a nearby facility with expertise in the manage-
ment of high-grade CRS. Other measures, such as subcuta-
neous administration, extended corticosteroid prophylaxis, 
or pre-treatment anti-CD20 antibody therapy, have been 
employed for further CRS risk mitigation and should imple-
mented following each product’s package insert.

Patients receiving BsAbs should undergo close monitoring 
for infections due to the immunosuppressive potential of these 
agents. BsAbs can cause cytopenias as ‘off-tumor on-target’ 
effects, such as B-cell hypoplasia and T-cell exhaustion, result-
ing in significant immunosuppression.54,55 BsAb interruption 
and aggressive anti-infectious therapy are recommended in 
patients with active infections. Regular monitoring of immu-
noglobulin levels is also advised, and intravenous immunoglo-
bulin replacement therapy should be considered for individuals 
with hypogammaglobulinemia and recurrent infections. 
Prophylaxis against Pneumocystis jirovecii pneumonia and var-
icella-zoster virus reactivation is universally recommended 
during and after BsAb therapy. Specific antiviral therapy is 
recommended for patients with a history of latent hepatitis B.53

Sequencing BsAbs and CD19 CAR T-cell therapy
Chimeric antigen receptor (CAR) T-cells are generated by 
viral transduction of autologous T-cells to express the CAR 
construct, which binds to a specific antigen in tumor cells 
and generates an antitumor immune response. Three CD19- 
targeted CAR T-cell products are currently approved by the 
US FDA for the treatment of patients with R/R FL who have 
received at least two prior lines of systemic therapy: axicab-
tagene ciloleucel, tisagenlecleucel, and lisocabtagene maraleu-
cel. CAR T-cell therapy has demonstrated promising results 
in patients with R/R FL, with ORR of 86–97% and CR rates 
ranging from 68% to 94%.56–58 CD3 × CD20 BsAbs and anti- 
CD19 CAR T-cell therapy were not directly compared in 
clinical trials and inter-trial comparisons have significant 
inherent limitations. BsAbs are off-the-shelf products that 
may be associated with a lower incidence and severity of 
CRS and neurotoxicity compared to CAR T-cell therapy, 
and thus have the potential to be administered to a broader 
patient population, largely in an outpatient setting.53 Optimal 
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sequencing between CD20 × CD3 BsAb and CAR T-cell 
therapy is unknown. However, a small number of patients 
who relapsed after CAR T-cell therapy have been included in 
pivotal BsAb trials. Notably, in a phase 2 trial of epcorita-
mab, among six patients with prior CAR T-cell treatment, 
four responded, with three achieving a CR.19 In addition, 
Crochet et al.59 recently reported that prior exposure to BsAb 
treatment targeting different antigens does not negatively 
impact safety, responses, or survival outcomes after CAR 
T-cell therapy in patients with R/R aggressive B-cell lym-
phoma. While similar clinical studies have not yet been 
done in patients with R/R FL, it is conceivable that the 
efficacy of BsAb and CAR T-cell therapy are not significantly 
affected by the order in which these are given.60 Finally, 
studies evaluating the cost-effectiveness of BsAbs versus 
CAR T-cell therapy in treating R/R FL, have yielded mixed, 
if not contradictory, results.61–63

Conclusions

BsAbs have revolutionized the treatment landscape of 
B-NHL, including FL. The single-agent activity of these 
drugs is among the most promising in the field and has led 
to multiple regulatory approvals. BsAb-based combinations 
produced incremental improvements in rates and duration 
of responses without new or excessive toxicity and are chal-
lenging the existing standards of care. Future research will be 
aimed at defining the optimal role of these agents in the FL 
treatment algorithm, analyze and address relevant toxicities, 
including cytopenias, infections, and high cost, identify 
mechanisms of resistance and, ideally, suggest strategies to 
overcome them.

Schematic representation of the different administration 
schedules, including step-up dosing during cycle 1, for the 
different bispecific antibodies (BsAbs) used in monotherapy. 
Mosunetuzumab is available for both intravenous and subcu-
taneous administration. *Depicts the dose-optimization proto-
col for epcoritamab. Imagen created with BioRender.com
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