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ABSTRACT
The treatment landscape for relapsed/refractory follicular lymphoma (RR- FL) is marked by a pivotal debate between chimeric 
antigen receptor T- cell (CAR- T) therapy and bispecific antibodies (BsAbs). While both CAR- T therapy and BsAbs target similar 
immunobiology and molecular markers, their efficacy comparisons are hindered by the lack of direct clinical trial comparisons. 
Key trials, such as the ZUMA- 5 study, underscore axicabtagene ciloleucel (axi- cel)'s efficacy in treating RR- FL, achieving a 79% 
complete response rate with a median duration of response exceeding 3 years. Similarly, lisocabtagene maraleucel (liso- cel) in 
the TRANSCEND FL study reports a 94% complete response rate, emphasizing robust outcomes in heavily pretreated patients. 
Among BsAbs, mosunetuzumab showed promise in the GO29781 trial, with a 62% overall response rate in heavily pretreated 
RR- FL patients. Thus, CAR- T therapy offers potential curative benefits with a single infusion. However, its efficacy is tempered 
by significant adverse events such as cytokine release syndrome (CRS), neurotoxicity, and cytopenias, requiring specialized 
management and patient monitoring. In contrast, BsAbs provide a more tolerable treatment option counterbalancing by lower 
response rates and frequent dosing requirements. Personalized treatment strategies are crucial because of these distinct efficacy 
and safety profiles. When considering cost- effectiveness, both therapies need to be evaluated in the context of their clinical 
outcomes and quality of life improvements. Cost- effectiveness considerations are essential; while CAR- T therapies incur higher 
initial costs, their potential for long- term remission may mitigate expenses associated with repeated treatments or hospitaliza-
tions. Future research into resistance mechanisms and optimal therapeutic sequencing will further refine RR- FL management 
strategies.
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1   |   Introduction

Follicular lymphoma (FL) is a prevalent subtype of non- Hodgkin 
lymphoma (NHL), accounting for 20%–30% of cases [1]. Despite 
the diagnostic advancements, FL is often diagnosed at an ad-
vanced stage, with fewer than 10% of cases at Stages I and II. 
Approximately 70% of patients have bone marrow involvement, 
and less than 20% present B symptoms [1]. FL arises in germinal 
centers and is characterized by the t(14;18) translocation, lead-
ing to BCL- 2 overexpression. According to the fifth WHO clas-
sification, classic FL is more common, whereas follicular large 
B- cell lymphoma and FL with uncommon features represent 
rare subtypes [2, 3].

Current FL treatment strategies include rituximab as monother-
apy or watchful waiting for asymptomatic patients [4, 5], rituximab 
associated with chemoimmunotherapy [6–8], and maintenance 
therapy with rituximab [9, 10]. Lenalidomide plus rituximab-  [11] 
or obinutuzumab (ZO)- based immunochemotherapy [12] fol-
lowed by maintenance have shown longer progression- free sur-
vival (PFS) compared to rituximab- based therapy. For relapse or 
refractory (RR) disease, second- line (2L) therapies may involve re- 
treatment with similar regimens or alternative combinations [13].

Nevertheless, FL remains challenging because of its tendency 
to relapse or become refractory to standard treatments, de-
spite being slow- growing and initially responsive. Overall 
survival (OS) following first- line therapy for FL can extend 
up to 25 years; however, this survival rate declines with each 
subsequent line of treatment. Specifically, the median OS is 
reported to be 5.8 years for patients receiving third- line ther-
apy, which further declines to 3.6 years for those undergoing 
fifth- line therapy [14]. Moreover, several observational studies 
have indicated that patients with FL who experience disease 
progression within 24 months of completing front- line chemo-
immunotherapy (designed as POD24) exhibit significantly 
poorer prognoses [15].

This decline underscores the need for improved therapeutic 
strategies. In the past 5 years, there has been a surge in tar-
geted therapies for RR- FL, including novel antibody- based 
therapies such as tafasitamab, a CD19- directed antibody, 
polatuzumab vedotin, an antibody–drug conjugate targeting 
CD79b, and magrolimab, which targets CD47 on macrophages 
rather than FL cells directly [16]. Additionally, small molecule 
inhibitors targeting pathways such as PI3kinase and BTK, as 
well as agents modulating apoptotic pathways, have demon-
strated promise as new strategies for FL management. In this 
regard, the ROSEWOOD trial [17] has shown significant ef-
ficacy of zanubrutinib in combination with ZO for the treat-
ment of RR- FL patients who had received ≥ 2 lines of therapy. 
This study demonstrated that the combination therapy out-
performed the anti- CD20 monoclonal antibody monotherapy, 
achieving an overall response rate (ORR) of 69% for ZO versus 
46% for O (p = 0.001). Moreover, patients treated with the ZO 
combination exhibited a median PFS of 28.0 months, in con-
trast to 10.4 months for those receiving ZO alone, correspond-
ing to a hazard ratio (HR) of 0.50 (95% confidence interval 
[CI]: 0.33–0.75; p < 0.001). Nevertheless, the broader efficacy 
of other BTK inhibitors in this context remains less consis-
tently established to date.

The recognition of high rates of epigenetic mutations in FL has 
prompted exploration into histone deacetylase inhibitors, which 
play a role in altering gene expression. A notable breakthrough 
in this area is the US Food and Drug Administration (FDA) ap-
proval of tazemetostat for RR- FL after two prior lines of ther-
apy. Tazemetostat specifically targets EZH2, a critical epigenetic 
driver involved in germinal center formation and FL pathogene-
sis. Both wild- type and mutant forms of EZH2 present attractive 
therapeutic targets, emphasizing the importance of epigenetic 
modulation in FL treatment strategies [18]. Recent findings 
from a Phase II trial have indicated that abexinostat is both well- 
tolerated and effective in RR- FL patients. The trial reported an 
ORR of 61.1% (95% CI: 55.8–77.1) and a median PFS of 13.7 at a 
median follow- up of 20.8 months [19].

Exciting developments in RR- FL research are centered on 
immune- based therapies like bispecific antibody (BsAb) con-
structs [20] and chimeric antigen receptor T cells (CAR- Ts) [21]. 
These novel approaches utilize distinct mechanisms to enhance 
immune responses against FL cells, presenting promising ave-
nues for therapeutic advancement.

The discussion regarding the optimal choice between CAR- T 
and BsAb therapies for RR- FL persists. Although both modal-
ities share similarities, they diverge notably in terms of toler-
ability and efficacy. Thus, choosing between these therapies 
mandates a careful evaluation of their respective benefits, 
risks, and practical considerations to optimize patient out-
comes effectively.

This review aims to comprehensively evaluate and compare the 
role of BsAbs versus CAR- T therapy in the treatment of RR- FL. 
By examining their mechanisms of action, clinical efficacy, safety 
profiles, and economic considerations, this review seeks to provide 
insights into their respective roles in clinical practice and their po-
tential to transform the treatment landscape for FL patients.

2   |   Bispecific Antibodies

2.1   |   Structures and Mechanisms

Comprehensive reviews provided an in- depth analysis of the 
structure and mechanisms of BsAbs in cancer therapy [22]. 
Advances in recombinant DNA technology have led to BsAbs 
with varied sizes, half- lives, valencies, flexibilities, and perme-
abilities [22].

They are classified into two categories: IgG- like (with Fc re-
gions) and non–IgG- like (without Fc regions). IgG- like BsAbs 
offer enhanced solubility, stability, purification, and half- life 
while avoiding antibody- dependent cellular cytotoxicity or 
complement- dependent cytotoxicity through genetic modifica-
tions [23]. Non–IgG- like BsAbs have improved tissue penetra-
tion and faster renal clearance but shorter plasma half- lives.

Non–IgG- like BsAbs, produced using Fab fragments or linking 
variable domains, include scFv- based BsAbs, nanobodies, and 
dock- and- lock (DNL) method antibodies [24]. Single- chain vari-
able fragments (scFvs) maintain specificity and antigen- binding 
abilities.
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ScFv- based BsAbs offer excellent tissue permeability and re-
duced immunogenicity but have short half- lives. Formats 
like “scFv- HSA- scFv” and PEGylation can extend their half- 
lives [25].

BsAbs are classified into three categories depending on their 
targets: those targeting two tumor antigens, those targeting 
a tumor antigen and an immune- related molecule, and those 
targeting two immune- related molecules. Bispecific T- cell en-
gagers (BiTEs) belong to the second group, targeting both a 
CD3 molecule on T cells and a tumor antigen simultaneously 
redirecting T cells against tumor cells. Effective BiTE design 
requires suitable CD3 binding arms, differential affinity to 
minimize primarily cytokine release syndrome (CRS) risk, 
and optimal distance between binding units. High CD3 bind-
ing affinity allows continuous T- cell activation, which can 
lead to depletion. An ideal affinity facilitates repeated bind-
ing and dissociation, clustering T cells for maximum tumor- 
killing effect. By bridging T cells and tumor cells, BiTEs 
promote immunologic synapse formation, initiating antigen- 
specific signal transduction and T- cell activation. Activated 
T cells express CD69 and CD25, promoting proliferation [26] 
and effectively reactivating exhausted T cells induced by pro-
longed tumor antigen exposure. Immunological synapses be-
tween T cells and tumor cells facilitate T- cell receptor (TCR) 
clustering and signal amplification [27], which are critical for 
BiTE- mediated tumor lysis [27, 28]. Activated T cells release 
perforin and granzymes through these synapses, inducing 
cancer cell lysis by forming pores in the cancer cell membrane 
and endosomal membranes [27].

BiTEs targeting antigens such as CD19, CD20, CD123, CD33, 
CD38, and BCMA offer alternative treatments for recurrent or 
refractory conditions [29]. Ideal target antigens are uniquely ex-
pressed on malignant cells, avoiding on- target/off- cancer toxic-
ity and reducing antigen- loss variants [29].

2.2   |   Clinical Efficacy

Clinical trials evaluating BsAbs such as mosunetuzumab [30, 31] 
and glofitamab [32], as well as epcoritamab [33] and odronex-
tamab [34], have demonstrated encouraging efficacy outcomes 
in patients with RR- FL, both as monotherapy and potentially in 
combinatorial regimens (Table 1). However, common concerns 
in BsAbs therapy involve adverse events (AEs) related to T- cell 
overactivation. Mitigating these effects involves a systematic 
strategy, including step- up dosing (SUD) of BsAbs, gradually in-
creasing from minimal to full therapeutic doses. This approach 
is backed by robust preclinical evidence aiming to attenuate peak 
cytokine release while preserving antitumor efficacy. Additional 

measures such as adjusting infusion rates, prophylactic cortico-
steroids, and specific high- risk dose protocols are implemented 
to manage potential risks effectively. Furthermore, incorporat-
ing single- dose ZO pretreatment, which depletes circulating B 
cells, targets T- cell activation to minimize adverse immunologi-
cal responses. Adjusting BsAbs' affinity for CD3 receptors holds 
promise in reducing CRS severity without compromising thera-
peutic efficacy, thereby enhancing treatment outcomes. This in-
tegrated approach aims to optimize safety and efficacy in BsAb 
therapy, supported by rigorous preclinical rationale and ongoing 
clinical investigation [18].

2.2.1   |   Mosunetuzumab

Mosunetuzumab, a pioneering CD20 × CD3 BsAb, targets CD20 
on B cells and CD3 on T cells, featuring a full- length humanized 
IgG1 structure.

The Phase I dose- escalation study involved aggressive and 
indolent NHL patients treated with mosunetuzumab [30]. 
Group A included 33 patients in eight fixed- dose cohorts 
(0.05–2.8 mg), with the maximum tolerated dose (MTD) not 
reached. Enrollment in Group A stopped in favor of Group 
B, which aimed to expand the therapeutic index using a SUD 
schedule to mitigate CRS. Group B enrolled 197 patients across 
11 dose- escalation cohorts (0.4/1.0/2.8–1.0/2.0/60 mg). Safety 
and efficacy were evaluated, leading to the selection of a recom-
mended Phase 2 dose (RP2D) of 1/2/60/60/30 mg. Group B had 
a median study duration of 10.1 months, with patients receiving 
a median of five cycles. Common AEs included neutropenia 
(28.4%), CRS (27.4%), and hypophosphatemia (23.4%). Grade ≥ 3 
AEs occurred in 71.1% of patients. CRS was observed in 27.4% 
of patients, mostly of Grade 1 and 2 severity. Notably, only 2% (2 
out of 90) of patients experienced Grade 3 and 4 CRS, which pri-
marily occurred during the early treatment cycles. Additionally, 
there were no reported instances of Grade 3 and 4 neurotoxic 
AEs. Efficacy outcomes in Group B showed an ORR of 34.9% 
in aggressive NHL and 66.2% in indolent NHL, with complete 
response (CR) rates of 19.4% and 48.5%, respectively. The me-
dian duration of response was 7.6 months for aggressive NHL 
and 16.8 months for indolent NHL. Among 65 evaluable FL pa-
tients in Group B, the ORR was documented in 45 cases (69.2%, 
95% CI: 56.6–80.1), with a CR rate detected in 33 patients (50.8%, 
95% CI: 38.1–63.4). Furthermore, the data for high- risk FL pa-
tients treated with mosunetuzumab in Group B are compelling. 
Among FL patients who had prior CAR- T therapy, all four evalu-
able patients responded, with an impressive 100% ORR and 50% 
CR rate. Double refractory FL patients had a 67.6% ORR and a 
55.9% CR rate, whereas those with a history of progressive dis-
ease within 24 months (POD24) showed a 75.8% ORR and 54.5% 

TABLE 1    |    Ongoing studies investigating combinatorial regimens.

Combinations Clinical trials Population

Mosunetuzumab + polatuzumab vedotin + obinutuzumab NCT05169658 Untreated indolent B- cell lymphomas

Tazemetostat + mosunetuzumab NCT05994235 Newly diagnosed follicular lymphoma

Glofitamab + obinutuzumab NCT05783596 Untreated follicular lymphoma

Mosunetuzumab + lenalidomide NCT04712097 Relapsed follicular lymphoma
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CR rate. Additionally, FL patients, refractory to PI3Ki, had the 
highest responses, with an 88.9% ORR and 77.8% CR rate. The 
median PFS across all dose levels for aggressive and indolent B- 
NHL was 1.4 months (95% CI: 1.4–2.9) and 11.8 months (95% CI: 
8.4–NE), respectively. These results demonstrate the substantial 
clinical benefit of mosunetuzumab in treating RR- FL with an 
acceptable and manageable safety profile, even across challeng-
ing, high- risk subgroups [30].

The approval of mosunetuzumab was based on results from an 
international, multicenter, Phase 2 trial in 90 patients with RR- 
FL following at least two prior lines of systemic therapy [31]. 
Table  2 provides a summary of the results, highlighting the 
significant findings of the study. Eligibility criteria included pa-
tients who had undergone a minimum of two prior lines of ther-
apy. Notably, over 50% of the study population exhibited disease 
progression within 24 months of initiating initial therapy or were 
doubly refractory to rituximab and an alkylating agent, and ap-
proximately 20% had a history of autologous hematopoietic stem 
cell transplantation. The trial results demonstrated that single- 
agent mosunetuzumab achieved an overall response rate (ORR) 
of approximately 80%, with a notable complete remission rate 
of 60%. The median time to response was 1.4 months, and the 
median time to achieve complete remission was 3.0 months. The 
median duration of response was 22.8 months, with a median 
PFS of about 1.5 years. Importantly, mosunetuzumab exhibited 
significant activity in patients with early disease progression 
post- initial therapy or those doubly refractory.

Safety profiles are critical for the acceptance of novel thera-
pies in indolent NHL- like FL. Concerns regarding CRS and 

neurotoxicity, common with BsAbs, were mitigated in this 
study. Only 2% of patients experienced Grade 3 and 4 CRS, pre-
dominantly during early treatment cycles, and no Grade 3 and 4 
neurotoxic events were reported.

The study by Budde et al. [30, 31] introduces a potent new treat-
ment for RR- FL, characterized by ease of administration and 
suitability for outpatient care because of its manageable tox-
icity profile. These findings have resulted in mosunetuzumab 
receiving a positive recommendation for third- line treatment of 
FL by the Committee for Medicinal Products for Human Use 
of the European Medicines Agency (EMA) in April 2022, and 
subsequently by the FDA, marking a potential shift in treat-
ment paradigms for later- line therapy [35, 36]. Moreover, at the 
American Society of Hematology (ASH) meeting Bartlett et al. 
[37] provided updated results from the pivotal Phase 2 study 
of mosunetuzumab after a median follow- up of 28.3 months. 
The 24- month PFS, OS, and duration of CR were 48% (95% CI: 
36–60), 87% (95% CI: 80–94), and 63% (95% CI: 38–88), respec-
tively. Interestingly, whole- exome sequencing of 51 available 
baseline lymphoma samples revealed that patients with com-
mon mutations, including those associated with poor prognosis 
such as TP53, KMT2D, EZH2, and BCL- 2, exhibited clinically 
meaningful response rates. No new serious AEs, Grade ≥ 3 AEs, 
or treatment- related AEs were reported during the additional 
10 months of follow- up compared to the original report. CRS 
of all grades was observed in 44% of patients, with 26% experi-
encing Grade 1 CRS and 17% experiencing Grade 2 CRS. There 
was no correlation between the occurrence of CRS and tumor 
response. Mosunetuzumab- related AEs led to treatment discon-
tinuation in 2% of patients.

TABLE 2    |    Evolution and advancements in CAR T- cell generations.

Generation Key features Advantages Limitations

First scFvs binding to the structural 
transmembrane domain of CD3ζ

Tumor- specific cytotoxicity Limited in vivo persistence; 
insufficient activation; poor 

cytokine production

Second Incorporation of co- stimulatory 
molecules (e.g., CD28 or 4- 

1BB) along with CD3ζ

Enhanced antitumor efficacy; 
improved persistence and 

proliferation in vivo

Some safety concerns; potential 
for immune- related side effects

Third Inclusion of two co- stimulatory 
molecules (e.g., CD28 and 
4- 1BB) in addition to CD3ζ

Further improved antitumor 
effects; better persistence 

and activation

Increased complexity; higher risk 
of adverse immune reactions

Fourth Addition of co- stimulatory ligands 
(e.g., CD28, CD137, and CD134); 
Introduction of cell suicide genes 

(e.g., HSV1- tk or iCaspase9)

Enhanced cytotoxicity; precise 
regulation of CAR T- cell activity; 

reduced toxic side effects

More complex genetic modifications; 
potential for regulatory challenges

Fifth Universal CARs for allogeneic 
therapies; knockdown of 

endogenous TCR and MHC 
molecules using gene editing 

(e.g., CRISPR/Cas9); knockdown 
of T- cell suppressor signaling 

molecules (e.g., PD- 1 and 
CTLA4); disassembly of T- cell 
signaling region for additional 

antigen recognition

Broader applicability; 
elimination of GvHD and 

HVGR; improved survival and 
cytotoxicity; potential for cost 
reduction in immunotherapy

Risk of severe off- target effects; 
ethical and safety concerns related 

to gene editing; complexity in 
manufacturing and regulation
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In the same ASH meeting, McGough et al. [38] reported data on 
an external control cohort study utilizing real- world data from 
US patients with RR- FL who received third- line or later treat-
ments and met the eligibility criteria of the pivotal Phase 2 trial 
that led to the approval of mosunetuzumab [38]. The study found 
a significant treatment benefit associated with mosunetuzumab, 
evidenced by an increased CR rate (odds ratio [OR], 3.18; 95% 
CI: 1.41–7.17) and improved OS (HR, 0.43; 95% CI: 0.19–0.94), 
thereby supporting the use of mosunetuzumab in this clinical 
setting.

Morschhauser et al. [39] reported a CR rate of 77% in a Phase 
1b study evaluating mosunenetuzumab plus lenalidomide 
in patients with relapsed or refractory follicular lymphoma 
(R/R FL). This report paved the way for a new Phase 3 trial 
(NCT04712097). Olszewski et al. [40] reported a trial in prog-
ress of the same combination in front- line use without addi-
tional AEs. Administering mosunetuzumab as a first- line 
treatment could reduce reliance on chemotherapy, lowering 
toxicity while maintaining or enhancing efficacy. This ap-
proach also leverages the immune system's full capacity be-
fore it is weakened by multiple therapies, offering a strategic 
advantage. Nevertheless, any enhancement in immune acti-
vation could potentially increase the risk of immune- related 
toxicities, attributable to direct T- cell activation and on- target 
off- tumor toxicities. Additionally, preliminary results of a 
Phase 2 multicenter trial evaluating subcutaneous mosunetu-
zumab in patients with untreated high- burden FL were re-
cently reported [41]. Among the 43 patients enrolled, 26 were 
evaluated, revealing an impressive CR rate of 81%. The ORR 
was 96%, which remained consistent across patients with 
high- risk features, including those classified as high- risk ac-
cording to FLIPI, those with Grade 3A FL, patients with bulky 
disease, and those exhibiting a SUVmax ≥ 13).

2.2.2   |   Glofitamab

A detailed analysis of the structure, mechanism of action, and 
pharmacokinetics of glofitamab has been provided by Minson 
and Dickinson [42]. The T- cell binding domain recognizes the 
CD3ε chain of the TCR receptor with the consequent T- cell acti-
vation, which occurs regardless of TCR specificity and without 
the need for co- stimulation.

A Phase 1 study involved 171 adults with CD20+ B- cell NHL (B- 
NHL), including RR- FL, exposed to a median of three prior thera-
pies [43]. To reduce circulating B cells and mitigate the risk of CRS, 
patients received a 1000 mg dose of pretreatment ZO, followed by 
either fixed or SUD of intravenous glofitamab every 2–3 weeks. 
Glofitamab showed dose- dependent clinical activity starting at 
0.6 mg. SUD allowed for 25 mg escalation, resulting in fewer cases 
of Grade ≥ 2 CRS (28.6% vs. 47.8%), making SUD the RP2D.

At the ASH meeting, updated results of glofitamab with three dif-
ferent SUD regimens, as monotherapy (mono) or combined with 
ZO (combo), were presented [44]. Glofitamab was given intrave-
nously in three mono cohorts and one combo cohort following 
SUD regimens. The ORR in the mono cohorts was 81%, with a 
complete metabolic response (CMR) rate of 70%. The combo co-
hort had a 100% ORR and 73.7% CMR rate. In the mono cohorts, 

87% achieved CMR, compared to 71% in the combo cohort. Median 
follow- up was insufficient to assess CMR duration and survival in 
terms of PFS and OS. The most frequent AE was CRS, occurring 
in 66% (mono) and 79% (combo). CRS events were mainly Grade 
1 or 2, with no Grade 4 or 5. Tocilizumab managed CRS in 22.9% 
(mono) and 33.3% (combo). All CRS events were resolved by data 
cut- off. Neurologic AEs were mostly low grade and not ICANS- 
like. Other common AEs included infusion reactions, pyrexia, 
neutropenia, anemia, and thrombocytopenia.

As for the other BsAb, an increased risk of early and late in-
fections, because of treatment- related cytopenia, hypogamma-
globulinemia, “off- tumor on- target” effect of B- cell hypoplasia, 
and T- cell exhaustion, has been shown. Therefore, patients 
should be closely monitored and supported with growth factor 
therapy, anti- microbial prophylaxis (e.g., for herpes virus and 
Pneumocytis jiroveci), and immunoglobulin replacement, to pre-
vent this side effect [45].

2.2.3   |   Epcoritamab

Epcoritamab, a subcutaneous CD3 × CD20 BsAb, addresses 
the need for effective treatments in patients with RR- FL, espe-
cially those with high- risk disease. Approved by the FDA for 
RR diffuse large B- cell lymphoma (DLBCL) and high- grade 
BCL after ≥ 2 lines of systemic therapy, its efficacy was inves-
tigated in the FL dose- expansion cohort of the EPCORE NHL- 1 
trial (NCT03625037; Phase 1/2). In this trial, 128 patients with 
CD20+ RR- FL of systemic therapy were treated with escalating 
doses of epcoritamab during the first cycle, followed by 48 mg 
in 28- day cycles until disease progression or unacceptable tox-
icity. The study enrolled 128 RR- FL patients who had received 
≥ 2 prior lines of therapy. Results showed an ORR of 82%, with 
a CR rate of 63%. The median PFS was 15.4 months. Common 
treatment- emergent AEs (TEAEs) included CRS (66%), injection- 
site reactions (57%), and COVID- 19 (40%). CRS was mainly low 
grade and occurred after the first full dose. No CRS events led 
to treatment discontinuation. Epcoritamab SC demonstrated 
deep, durable responses and a manageable safety profile, with 
no new safety signals detected [33]. Data from analysis of Arm 
6 of EPCORE NHL- 2 (NCT04663347), a trial investigating the 
safety and effectiveness of epcoritamab as monotherapy or in 
association with other therapies, were recently published. The 
Arm 6 included treatment- naive FL patients undergoing epcor-
itamab + R2 as first- line therapy. The ORR was 90% (26/29), 
with 69% (20/29) achieving a CMR, and the safety profile was 
manageable, supporting a possible future role in earlier lines of 
therapy [46]. Finally, an ongoing Phase 3 trial (NCT05409066) 
continues to explore its efficacy in various FL treatment settings.

2.2.4   |   Odronextamab

Odronextamab, a human IgG4- based CD20 × CD3 BsAb, 
binds CD20 on B cells and CD3 on T cells. The ELM- 2 study 
(Ph2, NCT03888105) [34] assessed odronextamab in patients 
with FL Grade 1–3a, refractory to ≥ 2 prior lines of therapy, 
including anti- CD20 antibody and alkylator. Odronextamab 
was administered in 21- day cycles with steroid prophylaxis 
and SUD to mitigate toxicity. In the earlier ELM- 1 study (Ph1, 
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NCT02290951) [47], patients treated with ≥ 5 mg of odronex-
tamab had an ORR of 91% and a CR rate of 72%, with a 4- year 
PFS rate of 54%. In ELM- 2, the optimized step- up regimen 
aimed to maintain efficacy while reducing CRS. ELM- 2 en-
rolled 96 patients for safety evaluation and 85 for efficacy, 
with a median age of 59 years. Most were refractory to their 
last therapy (74%) and had progression within 2 years (POD24) 
(48%). The ORR and CR rates by independent review were 81% 
and 75%, respectively, consistent across high- risk subgroups. 
Responses were durable, with a median duration of response 
and CR of 18.2 months, and a median PFS was 20.2 months. 
Common TEAEs included CRS (51%), pyrexia (32%), and ane-
mia (31%). The 0.7/4/20 step- up regimen reduced CRS sever-
ity, with only Grade 1 CRS observed in 39% of patients, and 
no cell- associated neurotoxicity syndrome (ICANS) was re-
ported. To date, only one study reported deaths directly attrib-
utable to odronextamab, consisting of gastric perforation in a 
patient with gastric involvement by lymphoma, lung infection, 
pneumonia, and tumor- lysis syndrome [48]. Odronextamab 
demonstrated significant efficacy and a manageable safety 
profile, showing promise for heavily pretreated, R/R FL pa-
tients [34].

Both epcoritamab and odronextamab are anticipated to be the 
next BsAbs approved for the treatment of FL. However, the 
timeline for regulatory approval and their competitive posi-
tioning relative to mosunetuzumab remains to be determined. 
Mosunetuzumab appears to offer advantages over odronex-
tamab and epcoritamab because of its more favorable SUD regi-
men, defined treatment duration, and current recommendations 
for outpatient administration. Epcoritamab, in particular, cur-
rently carries a recommendation for hospitalization, further in-
fluencing its comparative utility in clinical practice.

3   |   CAR- T

3.1   |   Structures and Mechanisms

CAR- T therapy, a leading immunotherapy for various cancers, 
involves the genetic modification of T cells to express CARs, en-
abling these engineered cells to recognize and destroy cancer 
cells effectively. CAR- T therapy has shown remarkable progress, 
particularly through its multiple generations, each enhancing 
the efficacy, persistence, and safety of the treatment. The ori-
gins of CAR- T therapy trace back to Zelig Eshhar's introduction 
of the “chimeric antigen receptor (CAR)” paradigm in 1989 and 
Carl June's successful treatment of a refractory and relapsed pa-
tient, Emily, in 2012 [49].

The structural components of CARs, including the scFv anti-
body, hinge region, transmembrane domains, and intracellular 
signaling domain, are meticulously designed to ensure robust 
tumor antigen recognition and subsequent activation of T 
cells [50].

The initial generation of CAR- T cells demonstrated tumor- 
specific cytotoxicity but had limited in vivo effectiveness be-
cause of inadequate persistence and poor cytokine production 
[51]. To address these issues, the second and third genera-
tions incorporated co- stimulatory molecules, such as 4- 1BB, 

significantly enhancing the antitumor efficacy, persistence, 
and proliferation of CAR- T cells in vivo [52]. The fourth gen-
eration further advanced these capabilities by adding co- 
stimulatory ligands and cell suicide genes, allowing precise 
regulation and reducing toxic side effects [53]. Building on 
this, the fifth generation shifted focus to developing universal 
CARs for allogeneic therapies, aiming to eliminate GvHD and 
MHC- mediated HVGR by knocking down endogenous TCR 
and MHC genes using gene- editing technologies like CRISPR/
Cas9 [54]. This generation also focused on enhancing survival 
and cytotoxicity by targeting T- cell suppressor signaling mol-
ecules such as PD- 1 and CTLA4, thereby broadening CAR- T 
applicability [48]. Table 2 summarizes the evolution and ad-
vancements in CAR- T generations.

CAR- Ts operate by forming immune synapses with tumor cell 
antigens, prompting the secretion of substances like perforin 
and granzyme, which create pores in the target cell membranes, 
leading to cell lysis. Additionally, CAR- Ts can induce apoptosis 
in target cells via the Fas–FasL pathway [48].

A salient challenge tethered to universal CAR- T therapy is the 
potential for immune rejection by the host, coupled with un-
intended cytotoxicity against host tissues. Strategies like the 
abrogation of the TCR and human leukocyte antigen (HLA) 
on CAR- Ts have been postulated to circumvent these impedi-
ments, aiming to obliterate the immunogenicity of allogeneic 
T cells. Moreover, creating an optimal immune environment 
within the host, often via preconditioning chemotherapy reg-
imens, is postulated as an effective approach to mitigate im-
mune rejection [54]. However, a definitive protocol delineating 
the optimal chemotherapy regimen and the temporal window 
for CAR- T administration post- chemotherapy remains elusive 
in lymphoproliferative disorders. Recent research in a murine 
model showed that cyclophosphamide and fludarabine (FLU/
CY) chemotherapy, followed by CD19 CAR- T cell therapy, is 
more effective against B- cell malignancies than either chemo-
therapeutic agent alone. The strongest anticancer effect was 
observed when CAR- T cells were administered 5 days after 
the combined chemotherapy, likely due to disrupted mito-
chondrial metabolism in tumor cells [55]. However, a recent 
paper revealed that although both FLU/CY and bendamus-
tine regimens created a favorable cytokine environment for 
T- cell engraftment and expansion, Flu/Cy was linked to more 
pronounced increases in cytokines associated with CAR- T- 
related side effects [56]. This may explain the higher incidence 
of CRS and ICANS with FLU/CY.

3.2   |   Clinical Efficacy

3.2.1   |   Axicabtagene Ciloleucel

Axicabtagene Ciloleucel (axi- cel) approved for RR- FL patients 
after multiple lines of therapy [57] has shown impressive effi-
cacy outcomes in clinical trials. In the pivotal ZUMA- 5 study, 
which enrolled 124 patients with R/R FL, 95% of efficacy- 
evaluable patients achieved an overall response, with 79% 
achieving a CR [58]. Notably, these responses were observed 
in a cohort with advanced disease characteristics: 63% of pa-
tients had received three or more lines of prior therapy, and 
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a significant proportion had high- risk disease features such 
as high tumor burden and refractory disease [59]. Long- term 
follow- up data demonstrated a median duration of response 
of 38.6 months and a 36- month OS rate of 75% [60]. For pa-
tients with RR- FL, the median PFS was 40.2 months, with 
a 36- month PFS rate of 54%. There were 41 progression or 
death events (32%) due to lymphoma or treatment, with a 36- 
month cumulative incidence rate of 35%. Competing risks 
(non- lymphoma deaths) occurred in 12 patients (9%), with a 
36- month cumulative incidence of 11% [60]. The median PFS 
for patients with POD24 was 40.2 months, whereas it was not 
reached for those without POD24. Prior bendamustine use 
was associated with a lower 36- month PFS rate, especially if 
administered within 6 months of leukapheresis.

The median OS was not reached, with an estimated 36- 
month OS rate of 76%. The 36- month cumulative incidence 
of lymphoma- specific death was 13%, with 12% for competing 
risks. Patients with lower baseline total metabolic tumor vol-
ume (TMTV) had longer PFS and DOR. The 36- month PFS 
rate was 71.2% for those below the median TMTV compared 
to 37.3% for those above. No significant correlation was found 
between TMTV and ORR or CR. Finally, the results suggest 
that bendamustine- based therapies administered within 6 
months prior to infusion should be carefully considered for 
patients who are likely to need CAR- T therapy soon, especially 
those at high risk. With over 3 years of follow- up, the ZUMA- 5 
study shows that axi- cel provides durable remissions for RR- 
FL, with more than half of the patients in ongoing response. 
These results underscore the durable efficacy of axi- cel in 
this challenging patient population [60]. The safety profile 
of axi- cel is characterized by manageable toxicities, primar-
ily CRS and neurotoxicity. In ZUMA- 5, 78% of patients expe-
rienced CRS, with 6% experiencing severe CRS (Grade 3 or 
higher) [59]. Prompt management with tocilizumab and corti-
costeroids effectively mitigated these AEs in most cases [61]. 
Neurologic events occurred in 56% of patients, with 41% expe-
riencing mild to moderate neurotoxicity (Grade 1 and 2) and 
15% severe neurotoxicity [59]. In the ZUMA- 22 Phase 3 trial, 
the efficacy and safety of axi- cel compared with standard- of- 
care therapies, that is, rituximab plus lenalidomide, rituximab 
plus CHOP, or rituximab plus bendamustine, is currently 
being assessed in patients with RR- FL [62].

3.2.2   |   Tisagenlecleucel

In an earlier pilot study of tisagenlecleucel (tisa- cel) in 14 RR- 
FL patients, 71% achieved CR, with a median DOR not reached 
after more than 5 years. The likelihood of maintaining the re-
sponse for 5 years was 60% (95% CI: 25–83) [63]. The ELARA 
study, involving 98 RR- FL patients, reported a CR rate of 69.1% 
and an ORR of 86.2% [63]. Participants in the ELARA trial had 
a median of four prior therapy lines and exhibited high- risk fea-
tures, such as advanced stage and bulky disease.

Tisa- cel showed a lower incidence of severe CRS compared to 
axi- cel. In the ELARA trial, 49% of patients experienced CRS, 
with 34% requiring tocilizumab and 6.4% requiring cortico-
steroids. Neurologic events occurred in 37.1% of patients, with 
4.1% experiencing severe neurotoxicity. Notably, 18% of patients 

received tisa- cel in an outpatient setting, suggesting its potential 
for outpatient administration.

Long- term data after a median follow- up of 29 months showed 
that median PFS, DOR, and OS were not reached. The esti-
mated 24- month rates were 57.4% for PFS, 66.4% for DOR, and 
87.7% for OS. The CR rate was 68.1%, and the ORR was 86.2%. 
No new safety concerns or treatment- related deaths were re-
ported [64].

Improved outcomes were associated with low levels of tumor- 
infiltrating LAG3 + CD3+ exhausted T cells and higher baseline 
levels of naive CD8+ T cells. Tis- cel demonstrated durable effi-
cacy and a favorable safety profile over 29 months, suggesting 
that it may offer a favorable safety profile, particularly in man-
aging CRS and neurotoxicity compared to other CAR- T thera-
pies [64].

3.2.3   |   Lisocabtagene Maraleucel

The TRANSCEND FL study is the largest evaluation of 
CAR- T therapy for R/R FL, and the first to report outcomes 
in 2L R/R FL patients [65]. Participants were primarily at an 
advanced stage, with 82% at high or intermediate FLIPI risk, 
and 56% meeting the POD24 criteria, while 62% were double- 
refractory, and 38% received bridging therapy. The median 
age was 60, consistent with Phase 2 studies of other CAR T 
therapies like axi- cel and tis- cel. The median time from leu-
kapheresis to lisocabtagene maraleucel (liso- cel) availability 
was 29 days, and the median time to infusion was 49 days. As 
of January 27, 2023, the median follow- up was 18.9 months. 
The study achieved both primary and key secondary end-
points, showing high efficacy across different therapy lines. 
Liso- cel demonstrated an ORR of 97% and a CR rate of 94% in 
R/R FL patients with more than three lines of therapy. These 
high response rates were consistent across subgroups, includ-
ing those with high- risk features and double- refractory dis-
ease. For patients exposed to two lines of therapy who met the 
POD24 criteria, the ORR was 96%, with all responders achiev-
ing CR. Responses were rapid, with a median time to response 
of 1 month, and the median DOR and PFS were not reached 
at a median follow- up of around 17 months. Efficacy was sim-
ilar across subgroups, regardless of bridging therapy status. 
Safety profiles were manageable, with CRS occurring in 58% 
of patients, mostly Grades 1 and 2, and manageable with sup-
portive care. Grade ≥ 3 infections were rare, and Grade ≥ 3 
cytopenias were common but resolved by Day 90 after treat-
ment. In conclusion, liso- cel showed robust efficacy and man-
ageable safety in heavily pretreated FL patients, with high and 
durable responses. Liso- cel received FDA grants accelerated 
approval in May 2024 [66].

4   |   Comparative Analysis

A comparative analysis is crucial for informed decision- making 
by clinicians, patients, and healthcare providers, allowing for the 
evaluation of different treatments' benefits, risks, and cost analy-
ses. It helps choose the most suitable therapy based on individual 
patient circumstances and ensures efficient resource allocation.
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A study by Ray et al. [67] aimed to compare the effectiveness 
and safety of axi- cel (ZUMA- 5 trial) and mosunetuzumab 
(GO29781 trial, NCT02500407) in treating patients with RR- 
FL who had received at least two prior systemic treatments. 
Because no direct head- to- head trials exist, the authors uti-
lized unanchored matching- adjusted indirect comparisons 
to assess their relative efficacy. This comparative analysis 
suggests that axi- cel generally leads to superior efficacy com-
pared to mosunetuzumab, with 12- month PFS rates of 81.7% 
(95% CI: 74.8–89.2) for axi- cel, and 55.9% (95% CI: 46.0–67.9) 
for mosunetuzumab. A greater difference was observed in 
terms of 2- year PFS, with 71.1% (95% CI: 63.0–80.4) for axi- cel, 
and 29.5% (95% CI: 15.5–56.3) for mosunetuzumab. Notably, 
axi- cel requires a single infusion, unlike mosunetuzumab, 
which is administered in multiple cycles. Safety analysis re-
vealed higher rates of all- grade AEs with axi- cel, though rates 
of Grade 3 and 4 CRS and treatment- related AEs were statis-
tically similar to those of mosunetuzumab. Although axi- cel 
showed promising efficacy advantages, the comparison for 
OS was limited due to less mature data from the mosunetu-
zumab trial.

It is important to note that a primary limitation of the MAIC 
analysis is the relatively short median follow- up period of 
24 months, which may not adequately capture long- term risks 
such as nonrelapse mortality (NRM). This limited follow- up du-
ration may overlook late- onset toxicities and treatment- related 
mortalities that can emerge over time. This concern is partic-
ularly pertinent for therapies such as CAR- T, where late com-
plications, including NRM, may manifest only after prolonged 
follow- up. The wider CIs observed for toxicities in this prelim-
inary data may reflect the constraints imposed by the limited 
sample size and follow- up duration. Therefore, longer term data 
will be essential for a more comprehensive evaluation of the 
long- term safety profile, especially regarding the risks associ-
ated with NRM.

Finally, logistic challenges and treatment availability differ-
ences were also noted between the two therapies, with fewer 
centers offering CAR- T therapies compared to BsAbs like 
mosunetuzumab.

Similarly, Nastoupil et  al. [68] conducted an unanchored 
MAIC comparing liso- cel and mosunetuzumab for third- line 
or later RR- FL. Using patient data from TRANSCEND FL 
(NCT04245839; median follow- up of 19.3 months) and GO29781 
(median follow- up of 18.3 months), they demonstrated that liso- 
cel exhibited superior efficacy and a favorable safety profile 
compared to mosunetuzumab. Liso- cel showed lower rates of 
severe CRS and serious infections while demonstrating higher 
incidences of any- grade CRS and neurological events. These 
findings suggest a positive benefit–risk profile for the treatment 
of R/R FL with liso- cel. Similar to the prior comparative study 
[69], the MAIC analysis comparing mosunetuzumab and liso- 
cel is constrained by a follow- up period of less than 24 months. 
Given the nature of these therapies, an extended follow- up dura-
tion is essential to adequately evaluate durable responses, late- 
onset toxicities, and OS outcomes. A follow- up period of under 
24 months may not sufficiently capture the long- term efficacy 
or safety of these treatments. Consequently, the conclusions 
drawn from this comparison should be interpreted with caution. 

Further studies incorporating extended follow- up are necessary 
to gain a more comprehensive understanding of the long- term 
performance of these therapies.

Cost- effectiveness analysis compares clinical and cost outcomes 
between treatment options, producing an incremental cost- 
effectiveness ratio (ICER) that measures costs per health benefit, 
typically in quality- adjusted life years (QALYs). Such analyses 
can guide treatment decisions in RR- FL. A study initially pre-
sented at the ASH meeting [58] and later published in full [58] 
found that axi- cel may be cost- effective compared to mosunetu-
zumab at a US willingness- to- pay threshold of $150 000 per 
QALY. The base case ICER for axi- cel was $108 307 per QALY, 
with 64% of probabilistic analyses falling below this threshold. 
Key factors affecting results were patient age and quality of 
life utility values, highlighting the importance of early axi- cel 
treatment to maximize survival benefits. Axi- cel extends PFS, 
improving quality of life and potentially offsetting costs over a 
lifetime. The ICER would decrease to $102 695 per QALY based 
on 48- month data [58].

These findings contrast with recent studies on the cost- 
effectiveness of mosunetuzumab for third- line and beyond 
RR- FL in the United States. Two studies, published in abstract 
form [70, 71], found that mosunetuzumab is either cost- effective 
or superior to axi- cel and other comparator treatments, except 
for the combination of rituximab and lenalidomide. In the Lin 
study [70], mosunetuzumab was shown to be more cost- effective 
than both axi- cel and tisa- cel at 1, 2, 5, and 10 years for treating 
RR- FL. Even though axi- cel had better QALYs at 10 years due 
to improved long- term PFS, mosunetuzumab remained cost- 
effective. Similarly, Matasar's study [71] compared mosunetu-
zumab with seven treatments, including axi- cel and tisa- cel, 
using efficacy data from the GO29781 trial and real- world co-
hort data. The cost calculations, adjusted to 2022 US dollars, 
included treatment costs, AEs, and routine and terminal care. 
Mosunetuzumab showed dominance over some treatments 
and cost- effectiveness against others, with ICERs ranging from 
$21 521 to $78 604 per QALY.

The comparison of different analyses reveals that each study 
employs distinct methodologies and assumptions, which sig-
nificantly impact their outcomes and conclusions. Matasar et al. 
[71] used a three- state partitioned survival model and an MAIC, 
but key details like matching methods and hazard ratios were 
not fully disclosed, making it difficult to thoroughly assess their 
approach. Their assumption of no cure effect for treatments like 
mosunetuzumab and CAR- T therapies might underestimate the 
benefits of CAR- T, despite evidence supporting cure effects. In 
contrast, the study cited by Lin et al. [70] lacks clarity on how 
treatment efficacy was adjusted for different trial populations 
and does not provide insights into assumptions for long- term ex-
trapolation. This is evident in their estimated 5- year PFS rates, 
which differ significantly from those observed in long- term 
ZUMA- 5 follow- up data, potentially underestimating the value 
of axi- cel in their analysis.

In the Oluwole study [72], assumptions were more closely 
aligned with published evidence by considering both the poten-
tial cure effects of CAR- T therapies and the shorter PFS asso-
ciated with mosunetuzumab. This approach offers a nuanced 
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understanding of treatment benefits, using comprehensive data 
and published findings. The analysis was based on inpatient 
treatment for axi- cel patients, consistent with the ZUMA- 5 trial, 
but the findings should be viewed in light of evolving treatment 
patterns, such as the increasing outpatient administration of 
CAR- T therapies [72, 73] and monoclonal antibodies [74]. CAR- T 
trials were primarily conducted in inpatient settings to manage 

AEs like CRS and ICANS. Future cost- effectiveness analyses 
should incorporate real- world evidence on costs and AEs in out-
patient CAR- T therapy [75].

Further research, including head- to- head trials and real- world 
studies, is crucial to refine treatment strategies and optimize pa-
tient outcomes in RR- FL.

FIGURE 1    |    Key differences between bispecific antibodies and CAR T- cell therapy in the treatment of relapsed/refractory follicular lymphoma.
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5   |   Conclusion

Until recently, a definitive standard of care for RR- FL had 
not been established, as evidenced by the findings of the 
SCHOLAR- 5 trial. However, the advent of CAR- T therapy and 
BsAbs has shown significant efficacy in the setting of this hard- 
to- treat population [69]. Nevertheless, the ongoing debate over 
the selection and sequencing of CAR- T therapy versus BsAbs for 
RR- FL underscores the complexity of treatment decisions in this 
rapidly evolving field.

Figure 1 summarizes the key differences of several critical as-
pects that influence the choice between BsAbs and CAR- T ther-
apy in treating RR- FL.

Both modalities share similar immunobiology and molecular 
targets, positioning them as crucial components and viable al-
ternatives. BsAbs generally offer improved tolerability with a 
lower incidence of severe treatment- related AEs. This favorable 
safety profile suggests a possible utilization before CAR- Ts, par-
ticularly given their high response rates and reduced occurrence 
of immune- related toxicities, despite the requirement for more 
frequent dosing. In this regard, glofitamab and mosunetuzumab 
have been investigated in fixed duration schedules, demonstrat-
ing benefits in terms of patient quality of life. In contrast, epcor-
itamab and odronextamab are administered continuously until 
progression or the emergence of unacceptable toxicity.

CAR- T therapy is known for achieving higher response rates 
and offers the potential for improved outcomes with a single 
infusion; however, extended follow- up is warranted to con-
firm its benefits in terms of OS. Currently, there is limited 
information available concerning NRM following CAR- T 
therapy. A recent meta- analysis investigated the incidence 
of NRM in patients with lymphoproliferative disorders who 
received CAR- T therapy. The analysis revealed that the inci-
dence of NRM in indolent lymphomas is approximately 6%, 
with the primary causes being infections, secondary malig-
nancies, and cardiovascular events [76]. Given these consider-
ations, early initiation of CAR- T therapy is recommended for 
high- risk patients, especially those experiencing early relapse 
following 2L therapy (POD24), as well as for young patients 
with minimal comorbidities.

Conversely, the CAR- T approach is associated with more fre-
quent and severe side effects such as CRS, ICANS, and cyto-
penias. In this respect, patients with better performance status 
may benefit more from axi- cel due to its CD28 co- stimulatory 
domain, while those with poorer status may find tisa- cel more 
suitable with its 4- 1BB co- stimulatory domain.

Additionally, the intensive caregiver support required for 
CAR- T therapy is a notable drawback, adding psychosocial 
stress and potential caregiver burden, including burnout risks. 
Accessibility is further limited to certified academic treatment 
centers, and the high cost of a single infusion heavily influences 
treatment decisions.

With methodological differences across studies, attempts for 
cost- effectiveness analyses seem to favor axi- cel at certain 
thresholds, although some studies find mosunetuzumab more 

cost- effective in specific scenarios [58, 68, 70, 71]. Overall, these 
findings emphasize the importance of integrating clinical and 
economic considerations in treatment decisions for RR- FL and 
suggest further research to refine therapeutic strategies and op-
timize patient outcomes.

Two critical factors in selecting and sequencing CAR- T thera-
pies and BsAbs are T- cell exhaustion and antigen loss, both 
actively investigated in current research. Antigen loss variants 
necessitate ongoing monitoring and potentially sequential or 
combination therapies to address resistant clones and maintain 
treatment efficacy [77].

Future research should focus on optimizing CAR design to im-
prove efficacy, reduce toxicity, and maximize durable remissions 
by enhancing in vivo durability and minimizing antigen escape. 
Integrating functional genomics with bioengineering, including 
novel armoring systems, is crucial for advancing CAR- T ther-
apy. Future advancements in understanding the genetics and 
immunobiology of RR- FL, particularly regarding mechanisms 
of resistance, are expected to drive rational therapeutic develop-
ments, potentially leading to improved patient outcomes in the 
years ahead.
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