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ABSTRACT

Follicular lymphoma (FL) is the most common type of indolent lymphoma in
the Western world, accounting for approximately 30% of lymphoma cases. FL
is known for its recurrent nature, necessitating diverse treatment options. The
introduction of rituximab, an anti-CD20 antibody, has greatly improved FL
outcomes and paved the way for targeted therapies. In this review, we
thoroughly explore the structure, mechanism of action, clinical outcomes, and
side effects of currently approved monoclonal antibodies (mAb) for FL.
Furthermore, we provide insights into ongoing clinical trials and emerging
monoclonal antibodies that hold promise for the future of FL treatment. A
comprehensive literature search was conducted using various medical
databases, including ASH and ASCO publications, as well as PubMed. The
clinicaltrials.gov website was used to compile a list of investigational
monoclonal antibodies from ongoing clinical trials. The future of antibody-
based therapy for follicular lymphoma shows great promise, with a focus on
enhancing antibody efficacy, prioritizing optimized combination therapies to
address treatment resistance, and evaluating bispecific antibodies as first-line
therapies, all while carefully balancing risks and benefits and sequencing
treatments appropriately for better disease management. These directions
have the potential to establish antibodies as a central component of follicular
lymphoma treatment.
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Introduction

Follicular lymphoma (FL) is the second most
common type of lymphoma diagnosed in the
United States and Western Europe.’ It is the most
prevalent form of indolent lymphoma in Western
countries,? accounting for approximately 30% of
all ymphomas.? Its incidence is about 4 cases per
100,000 in the United States,4 and the median
age at presentation is 60 vyears." Follicular
lymphoma is characterized by a remitting and
recurring course requiring multiple lines of
treatment.® Various management modalities are
available for FL including a simple watchful
observation,® use of monoclonal antibodies,’
chemotherapy,®  immunotherapy,’  chimeric
antigen receptor T-cell (CAR-T),"® as well as
consolidation with hematopoietic stem cell
transplantation'” and most recently bispecific
antibodies.’? The introduction of the anti-CD20
antibody, rituximab, more than 2 decades ago,
has revolutionized the treatment landscape,’
significantly improved the outcomes, and paved
the way for targeted therapies.” Since then,
multiple monoclonal antibodies emerged with
various targets.™ &1

In this comprehensive review, we describe the
structure, mechanism of action, clinical
outcomes, and common side effects of the
currently approved monoclonal antibodies in the
treatment of FL. We also provide an update to
the literature on published clinical trials
addressing novel monoclonal antibodies in FL. In
addition, we sought to enlighten the scientific
community on potential future-generation
monoclonal antibodies that are currently being
investigated in clinical trials.

Methods

This comprehensive review entails in its first part
a general description of monoclonal antibodies
and their role in the treatment of malignancies.
We then provide a comprehensive review on the
four approved monoclonal antibodies for the
treatment of FL. In the third part, we briefly
discuss novel monoclonal antibodies that are
currently being investigated for potential use in
the treatment of FL.

Literature search was done on multiple electronic
and medical databases, including the American
Society of Hematology (ASH) publications
database, and American Society of Clinical
Oncology (ASCO) publications database, and

PubMed. The list of investigational monoclonal
antibodies from ongoing clinical trials was
retrieved from the clinicaltrials.gov website. Trials
investigating a novel monoclonal antibody in
patients with non-Hodgkin's lymphoma and
reporting separate results for the FL subgroup
were included. Both finished and ongoing trials
of interest were considered in this review.

I. MONOCLONAL ANTIBODIES: GENERALITIES
AND THERAPEUTIC USE IN HEMATOLOGIC
MALIGNANCIES

Antibodies, or immunoglobulins, are specialized
key molecules of the humoral immune system
that are secreted by plasma cells.’® They are
naturally present in blood and tissue fluids, and
their primary role is to neutralize foreign bodies
(antigens). The basic structure of an antibody
consists of four polypeptide chains, two light (L)
chains, and two heavy (H) chains, held together
to form a "Y” shaped tetramer ' (Fig. 1, A). The
role of the two upper tips (Fab domain) is to
recognize and bind various antigens, such as
bacteria, or in cancer cases, malignant cells. This
upper region is known as the variable region, as
its composition differs across all antibodies. The
remaining lower part (Fc domain), known as the
effector region, interacts with other immune cells
or serum proteins to ensure appropriate
eradication of the foreign substance. In contrast
to the variable region, the Fc domain is a
constant region. It is relatively unchanged across
the majority of antibodies. Adding the term
‘monoclonal’ implies that the antibodies are
produced from a single cell lineage through
cloning of unique plasma cells, inferring
specificity of monoclonal antibodies (mAb) to
one precise antigen. The development of
monoclonal antibodies (mAb) as therapeutic
agents began in 1975 by two researchers, César
Milstein and Georges Kohler,® for which they
received the Nobel prize for Physiology or
Medicine in 1984. Nowadays, mAbs are used to
diagnose?' and treat several disorders, such as
inflammatory conditions,? neurologic diseases
like multiple sclerosis,? infections like COVID-
19,24 and malignancies.? In fact, their therapeutic
use in lymphomas has been a cornerstone. The
CD20 antigen, expressed on normal mature B-
cells, contributes to the growth and activation of
B-cells, and is expressed in over 90% of all B-cell
non-Hodgkin's lymphomas.?® Therefore, anti-
CD20 monoclonal antibodies are a perfect
therapeutic tool that is used to eliminate
malignant B-cells through initiating a cascade of
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events leading to apoptosis or cell lysis of cells
with a CD20 receptor on their surface.?’ To date,
several mAb are being used in the treatment of
non-Hodgkin lymphoma. Our review will focus
only on monoclonal antibodies used in the
treatment of FL.

[l. APPROVED MONOCLONAL ANTIBODIES IN
THE TREATMENT OF FOLLICULAR LYMPHOMA

A) RITUXIMAB
Rituximab is an anti-CD20 human/murine
chimeric, glycosylated immunoglobulin (lg)

containing murine light (L) - and heavy (H) - chain
variable regions, and human kappa and human
IgG1 constant regions.?’ (Fig.1, B) Rituximab
works by inducing the killing of CD20 positive
cells, through ‘labeling’ cells covered by the
transmembrane CD20 antigen and ‘displaying’
them to the immune system. This is achieved
through one of two different mechanisms, either
by immune mobilization or by direct effects.?® In
the immune mobilizing mechanisms, rituximab
initiates a cascade of events that lead to
complement mediated cytotoxicity (CDC) and
antibody dependent cell-mediated cytotoxicity
(ADCC). Direct mechanisms, mediated through
binding of rituximab to its CD20 target, inducing
inhibition of proliferation, induction of apoptosis,
and sensitization of cancerous cells to
chemotherapy, such as cisplatin  and
doxorubicin.?? Malignant B-cells covered by
rituximab are also targets for phagocytosis by
macrophages. While all of the previously
mentioned mechanisms have been well
described in vitro,?* it is still not clear which one
predominates in vivo.

Intravenous (IV) rituximab was granted approval
in 1997 by the Food and Drug Administration
(FDA) for use in relapsed/refractory indolent non-
Hodgkin lymphoma (NHL). It was the first mAb to
gain approval for therapeutic use in cancer,
laying the foundations for a completely new
oncologic class of drugs. In fact, it is not
unreasonable to claim that the improvement in
survival of patients with FL in the last two
decades was largely due to rituximab.?'

The benefits of rituximab added to
chemotherapeutic agents in the initial treatment
of advanced-stage FL has been well-established
in several clinical trials.??%3433¢ These trials
revealed improved response rates, time to
progression, and overall survival (OS) in the

rituximab plus chemotherapy arms, compared to
the chemotherapy without rituximab control
arms. Rituximab was also studied as a single
initial therapy in patients with FL.*73%3% Results
revealed an objective response rate (ORR) of
approximately 70% and complete remission (CR)
of over 30%. Additionally, rituximab is used as
maintenance therapy in FL, and this has been
examined in a large, randomized trial, the PRIMA
phase lll trial.*® Patients who received rituximab
maintenance after induction chemoimmuno-
therapy therapy had a significantly higher
progression-free survival (PFS) when compared
to observation (10.5 years vs. 4.1 vyears,
respectively, p-value <0.01). Extended use of
rituximab in the treatment of relapsed FL was
associated with better outcomes in both
chemotherapy-naive  and  relapse/refractory
disease as examined in the SAKK 35/98 trial,*
where 27% of disease responders remined in
remission after 8 years. The common side effects
of rituximab include but are not limited to
infusion reactions such as fever, skin rash,
angioedema, hypotension, anaphylaxis; as well
as infections and infection reactivation such as
hepatitis B reactivation, cytopenia, and
gastrointestinal upset.*?

B) OBINUTUZUMAB

Approved in February 2016 by the FDA,
obinutuzumab is a second-generation (type )
anti-CD20 mAb. It was initially developed to
address the need for novel therapeutics,
potentiate the activity of anti-CD20 mAbs, and
overcome resistance against the first-generation
(type 1) mAb rituximab.®® Its main structural
difference compared to rituximab is a post-
translational glycoengineering process that
results in the absence of a fucose sugar residue
from the Fc portion, effector region, rendering
this new modified mAb to acquire increased
affinity in binding immune effector cells.***
(Fig.1, C) Additionally, obinutuzumab has an
altered amino acid sequence, compared to first-
generation anti-CD20 mAbs, which results in
spatial alterations of the CD20 - mAb complex on
B-cells.*** There are differences in mechanism of
action of second-generation mAbs compared to
that of first-generation mAbs. Obinutuzumab
enhances direct cell death (DCD), ADCC, and
antibody-dependent cell-mediated phagocytosis
(ADCP), while decreasing CDC. By comparison,
rituximab works predominantly via CDC and
ADCC/ADCP, with DCD contributing to a much
lesser extent to the mechanism of action.”’
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Obinutuzumab was evaluated in a phase Il study
comparing chemoimmunotherapy with either
obinutuzumab or rituximab in  previously
untreated patients with FL followed by 2 years of
maintenance with either obinutuzumab or
rituximab." Although, PFS was better for patients
receiving obinutuzumab (estimated 3-year PFS of
80.0% with obinutuzumab vs. 73.3% with
rituximab), the response rates and OS were
similar. In addition, adverse events of grades 3 to
5 were seen more frequently in the
obinutuzumab group than in the rituximab group
(74.6% vs. 67.8%), as were serious adverse
events (46.1% in the obinutuzumab arm vs.
39.9% in the rituximab arm). Also, a phase | study
testing obinutuzumab in combination with
chemotherapy showed 98% response rate in
relapsed and refractory FL.*® Nevertheless, when
compared to type | mAbs, the main concern with
obinutuzumab remains its toxicity. In a very
recent systematic review and meta-analysis,
Amitai et. al explored adverse events in all
randomized clinical trials comparing
obinutuzumab-based regimens to rituximab-
based regimens.*’ In this study, obinutuzumab-
based regimens had statistically significant
increased rates of grade lll-IV adverse events as
well as grade |lI-IV  toxicities including
thrombocytopenia, infusion-related reactions,
and cardiac events when compared to rituximab-
based regimens. Thus, in clinical practice,
rituximab is still used more frequently in the
initial lines of therapy, and obinutuzumab is
reserved for rituximab-refractory cases.

C) IBRITUMOMAB-TIUXETAN

90-Y-lbritumomab-Tiuxetan (?20Y-IT), an anti-
CD20 mAb - drug conjugate, is a form of
targeted radiation therapy, or radioimmuno-
therapy. It was granted its first FDA approval in
2002. The anti-CD20 mAb ibritumomab is
covalently linked to the chelator tiuxetan, to
which is further added the radioactive isotope,
yttrium-90  (90Y). (Figure 1, D) The mAb
ibritumomab labels its CD20 antigen target on
the B-cell surface delivering the isotope 90Y
which emits beta radiation and induces cellular
damage by forming free radicals in the target
and neighboring cells.®® A phase Ill clinical trial
comparing 90Y-IT to observation following a
complete or partial remission to induction
chemotherapy for treating naive patients with FL
reported that at 8 years, patients had a median
improvement in PFS of approximately 36 months
with 90Y-IT.51 Published in 2002, one of the

pivotal studies that led to the FDA approval of
this mAb - drug conjugate in relapsed refractory
FL was a Phase |l clinical trial in patients with low-
grade FL who were refractory to rituximab.>
Overall response was 74% with a CR of 15%,; the
median duration of response was around 6.4
months. 90Y-IT has been also used as a first line
therapy in FL with a PFS of 38.3% at 8-year follow
up.53 A cost-effectiveness analysis of 90Y-IT
compared to the standard of care, bendamustine
and rituximab (BR) showed no differences
between the two treatment arms in terms of ORR,
CR rate and 5-years PFS.** However, patients
treated with 90Y-IT required an average of 4.5
fewer oncology clinic visits, an average of 10
fewer days of therapeutic use, and 40% less use
of growth factors, as compared to the BR group
within the first year of treatment. Furthermore,
the direct therapeutic cost of 90Y-IT was 54% less
than that of 6 cycles of BR. The main short-term
toxicity of this agent is bone marrow
suppression. Other side effects include serious
infusion reactions, and severe cutaneous and
mucocutaneous reactions. This agent s
underutilized due to the logistic challenges and
the need for  multi-specialty  (nuclear
medicine/radiation oncology and medical
oncology) coordination to administer the drug.
Thus, its use is limited mainly to certain academic
centers.

D) MOSUNETUZUMAB-AXGB

Mosunetuzumab-axgb ~ was  awarded  an
accelerated approval by the FDA on December
22, 2022. It is a bispecific mAb, with one Fab
segment directed towards CD20, and the other
Fab segment directed towards CD3 (a receptor
present on the surface of T-cells). (Figure 1, E)
Therefore, bispecific antibodies, such as
Mosunetuzumab-axgb, are molecules that can
recognize and bind two different targets
simultaneously, bringing two different cells into
proximity. This leads effector cells, such as T-cells
in this case, to directly exert cytotoxic effects on
targeted B-cells.>® Mosunetuzumab-axgb is
indicated in the treatment of adult patients with
relapsed/refractory FL after two or more lines of
systemic therapy.!” The efficacy of this mAb was
evaluated in a phase Il multicenter, multi-cohort
study in patients with relapsed/refractory FL who
had undergone at least two prior therapies.>
Among 90 patients enrolled, the ORR was 80%,
with 60% achieving complete response. Only
3/90 (3%) of the study participants had been
treated with chimeric antigen receptor T cell
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(CAR-T cell) prior to Mosunetuzumab.
Furthermore, this agent is being currently tested
in patient with previously untreated FL in three
separate ongoing clinical trials, in combination
with tazemetostat (NCT05994235), polatuzumab
vedotin (NCT05410418), and lenalidomide
(NCT04792502). The drug also displayed a
favorable safety profile. Although cytokine
releases syndrome (CRS) was a commonly
encountered side effect in this multicenter study
(38/90 patients, 42%), it was predominantly
Grade | or Il, with only two patients (2%) having
Grade Ill or IV CRS. Median time to CRS onset
was 5 hours on day 1, 20 hours on day 8, and 27
hours on day 15 of cycle 1; with a median total
duration of 3 days. Incidence of grade Ill-IV CRS
with Mosunetuzumab (1%) was lower than the 6%
incidence seen in the pivotal Zuma-5 trial testing
axicabtagene ciloleucel,® an approved CAR-T
cell therapy in FL. Besides CRS, immune effector
cell associated neurotoxicity syndrome (ICANS),
a potentially life-threatening adverse effect, was
seen in only 5% of patients treated with
Mosunetuzumab; all the cases were grade | or I
and eventually resolved.”® However, grade Ill-IV
neurological toxicity was seen in 15% of patients
with FL treated with axicabtagene ciloleucel. In
addition, two meta-analyses were done to
investigate the incidence of ICANS following
CAR-T cell therapy administration; one reported
an incidence of 37.2% and the other reported
an incidence of 21.7%.>" Ultimately, this implies
considerable differences in the incidence of CRS
and ICANS occurrences following Mosunetu-
zumab vs. CAR-T cell therapy. The main
challenge of utilizing this agent is the need for
close monitoring for CRS and neurotoxicity at
least during the first cycle of treatment. This
requires the patient to either be admitted to the
hospital or stay in close proximity to the treating
center. Thus, the uptake of bispecific antibodies
might be lower in small community-based
practices.

lI. INVESTIGATIONAL MONOCLONAL
ANTIBODIES IN THE TREATMENT OF
FOLLICULAR LYMPHOMA

Multiple cellular membrane proteins, such as
CD22, CD40, CD80, CD79b, and PDL-1 play a
pivotal role in the pathogenesis of FL and have
emerged as promising targets for its treatment.
CD22 is present on the surface of B-cells and is
involved in regulating B-cell activation and
survival, making it an attractive target for
monoclonal antibody therapies. 60 CD40, also

found on B cells, interacts with CD40 Ligand, and
constitutes an immune checkpoint that leads to
the activation of both innate and immune cells.
Because of this essential role in immune
response promotion, this interaction has been
regarded as an attractive immunotherapy
target.®’ CD80 is another therapy target that is
capable of mediating immune suppression or
tolerance through interactions with CTLA4, and
also through the more recently described
interaction with PD-L1.%> Thus, the expression of
CD80 on malignant cells and/or nonmalignant
cells present in the tumor microenvironment may
support tumor progression by inhibiting innate
or adaptive immune responses to tumor, hence
its significance as an important treatment target.
Another interesting target in FL treatment is
CD79b, which is expressed on the vast majority
of lymphomatous B-cells. In fact, Polatuzumab
Vedotin (an anti-CD79b monoclonal antibody
covalently linked to the anti-mitotic cytotoxic
agent monomethyl auristatin  (MMAE) via a
cleavable linker) is internalized by CD7%9b and
once inside the target cell, destroys it by
stimulating apoptosis, in addition to inhibiting
mitosis, tubulin, and tubulin polymerization.®®
Finally, PDL-1, a ligand present in tumor cells,
interacts with PD-1 on immune cells to suppress
the immune response; and inhibiting this
interaction can enhance the immune system's
ability to target lymphoma cells. ¢

A) Published Clinical Trials on Novel Monoclonal

Antibodies

Our literature search yielded 33 clinical trials that
published effective results of using novel
monoclonal antibodies in treating FL. These
studies were published between 2003 and 2022,
with 40% published after 2019. Out of 33 trials, 7
(21%) were phase | trials and 11 (33%) were
phase |l trials. The overwhelming majority (93%)
were single-arm clinical trials. Over half of the
trials (55%) included patients with relapsed/
refractory FL, and 21 different monoclonal
antibodies were assessed. Details of the
published trials, including their clinical trial
number, the trial phase, disease status, as well as
disease outcomes such as PFS, CRR, and ORR are
found in Table 1.

Medical Research Archives | https://esmed.ora/MRA/mra/view /2665 5




Research

mess | Both Approved and Investigational Options

vedicat | A Comprehensive Review of Monoclonal Antibodies for the Treatment of Follicular Lymphoma Including

SINGLE TARGET ANTIBODIES EVALUATED AS
SINGLE AGENTS

ANTI-CD20 ANTIBODIES

The most frequently examined category of novel
monoclonal antibodies consisted of these
investigated as individual agents, specifically
targeting a single molecule (N = 16, 48%). Within
this category, the most commonly targeted
transmembrane protein was CD20, with 5
different monoclonal antibodies studied. These
were Ofatumumab, Veltuzumab, Ocrelizumab,
Ocaratuzumab, and LY2469298. Three different
trials examined Ofatumumab, with the four
remaining antibodies each examined in one trial.
All trials were conducted in FL patients with R/R
disease status, except for one trial examining
Ofatumumab in previously untreated patients.
This same trial showed high ORR compared to
the other anti-CD20 antibodies used as single
agents: 84%.%° The CRR in this study was low at
9%. All other anti-CD20s used as single agents
unfortunately revealed non-promising ORRs
ranging from 22% to 63%. 66:67:68.69.70.71

ANTI-CD22 ANTIBODIES

The second most commonly targeted
transmembrane protein  was CD22, with
Epratuzumab and Inotuzumab Ozogamicin
studied as single agents in one and two trials,
respectively. Epratuzumab was studied in a
phase I/Il trial in patients with R/R FL and
revealed a low ORR of 24% with a PFS of 87
weeks.” Inotuzumab Ozogamicin had
significantly higher ORRs, reaching 68%’° and
85%.7* The latter study was conducted in patients
that were pre-treated with Rituximab. Hence,
Inotuzumab  Ozogamicin seems to be a
promising anti-CD22 antibody. However, severe
hepatoxicity and veno-occlusive disease were
related toxicities. 7°

OTHER ANTIBODIES

Loncastuximab Tesirine is an anti-CD19 that was
studied as a single agent in a phase | trial in
patients with R/R FL and was shown to have an
ORR of 79% and a CRR reaching 65%.”¢ Anti-
CD38 antibody Daratumumab,” anti-CD40
antibody Lucatumumab,78 anti-CD80 antibody
Galiximab,”” and anti-PDL-1 Nivolumab80 were
all studied in patients with R/R FL in separate
trials and had relatively low ORRs, ranging from
4%  with  Nivolumab® to  33%  with
Lucatumumab.”®

SINGLE TARGET ANTIBODIES EVALUATED
WITH OTHER AGENTS

ANTI-CD20 ANTIBODIES COMBINATIONS
Another category of novel monoclonal antibody
use comprises antibodies directed at a single
target but studied in combination with other
agents. Fourteen published trials (42%) tested
mAbs within this category. An anti-CD20
antibody  known as  Tositumomab  was
administered to patients with FL in three different
trials. Among these trials, two incorporated it in
combination with CHOP (Cyclophosphamide,
Doxorubicin, Vincristine, Prednisone), while the
third utilized it in conjunction with Fludarabine.
Remarkably, the three mentioned combinations
resulted in ORRs all ranging between 90 and
100%.8"8283 Ofatumumab was also examined with
CHOP in previously untreated patients with FL,
and revealed an ORR of 90-100% with a CRR of
62%.°” Plausibly, utilizing anti-CD20 antibodies in
combination with chemotherapy treatments,
namely CHOP, yields higher response rates than
when used individually.

ANTI-PDL1T ANTIBODIES COMBINATIONS
Antibodies targeting PDL-1 were also frequently
tested alongside other agents, in a total of 5
published trials (Atezolizumab was used with
Obinutuzumab, whereas Pembrolizumab and
Pidilizumab were used with Rituximab). The best
ORR achieved here was with Pembrolizumab +
Rituximab in R/R FL, reaching 93%.%

ANTI-CD22 AND ANTI-CD79B ANTIBODIES
COMBINATIONS

Epratuzumab was assessed in combination with
Rituximab in two trials with ORRs of 54%% and
88%.2° Two other trials assessed Polatuzumab
(anti-CD79b), one with Rituximab and one with
Obinutuzumab and Lenalidomide showing ORRs
of 70%%” and 76%,% respectively.

BISPECIFIC ~ ANTIBODIES
SINGLE AGENTS

Bispecific monoclonal antibodies are important
emerging treatment modality. A significant
number of agents have been studied to date.
Notably, some novel bispecific antibodies have a
similar mechanism of action to Mosunetuzumab-
axgb, simultaneously binding CD20 on B-cells
and CD3 on T-cells. These include epcoritamab,
glofitamab, and odronextamab. Epcoritamab
and odronextamab were examined as single
agents in patients with R/R FL, and showed

EVALUATED AS
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promising ORRs of 90%%* and 91%,°
respectively. Glofitamab was also examined as a
single agent with less encouraging results and an
ORR of 54%.”" It can be inferred that using
bispecific antibodies as single agents may prove
to be more effective than using monospecific
agents alone, given that a majority of bispecific
antibodies have shown higher ORRs compared
to their monospecific counterparts. However, this
was not validated in direct head-to-head trials.
These agents are likely going to be developed
and studied as single agents and in
combinations with various other agents in
different settings in FL.

[ll. B) Novel Monoclonal Antibodies Under
Investigation

We identified a total of 31 ongoing trials
evaluating novel monoclonal antibodies in FL on
clinicaltrials.gov. The overwhelming majority of
these trials are phase | or I, only one trial is in
phase lll. Nineteen trials (62%) are expected to
be completed in the next two years (by January
2025). Further details about these ongoing trials
are represented in Table 2.

SINGLE TARGET ANTIBODIES INVESTIGATED
AS SINGLE AGENTS

Pembrolizumab, a PDL-1 inhibitor, is under
investigation as a standalone agent in a Phase Il
trial. Additionally, two separate Phase | trials are
currently assessing BN-301 and STRO-001, both
of which are anti-CD74 antibodies. It s
anticipated that both trials will be completed by
the end of 2024.

SINGLE TARGET ANTIBODIES INVESTIGATED
WITH OTHER AGENTS

Several monoclonal antibodies are currently
under investigation in combination with different
agents. Pembrolizumab is currently being
evaluated in three separate trials in combination
with  Vorinostat, Rituximab, and NeoVax.
Nivolumab, another PD-L1 inhibitor, is being
investigated in conjunction with Rituximab.
Brentuximab-vedotin, a CD30 drug conjugate, is
being tested in combination with Bendamustine
in phase Il clinical trial in CD30 positive R/R FL.

BISPECIFIC ANTIBODIES INVESTIGATED AS
SINGLE AGENTS

Epcoritamab and glofitamab, are being
investigated in ongoing trials as single agents,
with glofitamab being tested as a treatment for
FL patients previously  treated with

Obinutuzumab. Other bispecific antibodies
include Blinatumomab and TNB-486, which work
through a different mechanism of action. They
are both bispecific T-cell engagers (BiTE), and
noteworthy for their ability to link CD19 on B-
cells and CD3 on T-cells. TNB-486 is being
investigated as a single agent in a phase | trial in
patients with an R/R disease status. TG-1801 is
another bispecific antibody targeting CD19 on B-
cells and the "do not eat me” CD47 ligand
expressed on the surface of tumor cells to evade
macrophage-mediated phagocytosis. It is being
examined in an ongoing phase IB trial that is
expected to conclude towards the end of 2023.

BISPECIFIC ANTIBODIES INVESTIGATED WITH
OTHER AGENTS

Bispecific antibodies appear to achieve high
response rates comparable to that of CAR-T cell
therapies and exhibit lower rates of serious
adverse reactions such as CRS and ICANS.92
Therefore, these antibodies are expected to
bring important new treatment options beyond
CAR-T cell therapies, and using bispecific
antibodies in earlier lines of therapy could
potentially impact the outcomes of FL patients. A
significant number of bispecific antibodies are
presently undergoing investigation in
combination  with  various other agents.
Particularly noteworthy is one of the most
promising clinical trials, which is assessing
Epcoritamab in eight different arms, each paired
with a distinct agent (NCT04663347). This trial is
anticipated to conclude by November 2024.
Blinatumomab is also being examined with
Lenalidomide in patients with Rituximab
refractory FL (NCT04834024).

Six of the ongoing clinical trials (19%) are
examining the use of bispecific antibodies as
first-line therapy (NCT03498612, NCT05788081,
NCT05169658, NCT05783609, NCT04663347,
NCT05783596). Additionally, combining multiple
antibodies in early phases of treatment could
improve efficacy, and this is being investigated in
four of the ongoing trials whereby patients with
FL are receiving combinations of approved and
novel antibodies as first-line therapy treatments.
With  the expansion of the treatment
armamentarium, sequencing of treatments will
be challenging and should be individualized
based on patient's history, prior response to
treatment regimens and overall prognosis.
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TRISPECIFIC ANTIBODIES (TSABS)

Despite the promising outcomes observed with
monoclonal and bispecific antibodies, they
continue to pose notable challenges, including
relatively low response rates, treatment
resistance, and the occurrence of side effects.
Consequently, the scientific community has
embarked on  exploring the potential
development of trispecific antibodies (TsAbs),
with the goal of enhancing therapeutic
effectiveness while mitigating side effects. Till
date, no TsAbs has been approved for clinical
use, however, a few are in pre-clinical stages. 93
In most designs, one of the three sites binds T or
Natural Killer (NK) cells, the other binds a tumor
associated antigen (TAA). For example, a
CD38/CD28/CD3 trispecific  antibody was
developed to enhance both T-cell activation and
tumor targeting.94 The engagement of both
CD3 and CD28 promotes efficient T-cell
stimulation, whereas the anti-CD38 domain
directs T-cells to cancerous cells. Another
approach enables the efficient creation of
immune synapses facilitated by
CD19/CD22/CD3 interactions between target
cells and T cells. A well-optimized trispecific
antibody (tsAb) has the potential to outperform
other types of antibodies in terms of eliciting T-
cell-specific cytotoxicity and cytokine production
against tumor cells. It has been shown to
markedly enhance anti-tumor effectiveness,95
surpassing the performance of the currently used
antibodies. While this design offers improved
targeting of cancerous cells, the potential for
reduced resistance, and the stimulation of a
potent immune response, it regrettably comes
with several challenges. These include feasibility,
complexity and the associated costs, safety
concerns, and a limited body of data available in
the literature.

Conclusion

The future of antibody-based therapy in the
treatment of follicular lymphoma holds great
promise. However, research and development
are needed to explore innovative strategies for
enhancing the efficacy of antibodies, whether
through the development of multi-specific
antibodies or the investigation of new target
molecules. Optimizing combination therapies
involving antibodies, immunotherapy, enzyme
inhibitors, and chemotherapy should be a
priority to tackle treatment resistance and
improve  patient  outcomes.  Additionally,

bispecific antibodies are making their way to
becoming first-line therapies, either as single
agents or in combination with other treatments,
offering new avenues for improved disease
management. In an indolent type of lymphomas
like FL, the challenge lies in striking the right
balance between risks and benefits and
sequencing treatment agents appropriately to
optimize  efficacy and minimize toxicity.
Moreover, bispecific antibodies present an
advantage in accessibility compared to CAR-T
cell therapy, which is currently limited to
specialized centers. As we navigate these future
directions, we have the potential to further
elevate the role of antibodies as a cornerstone in
FL treatment.
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Figure Legends

Table 1. Published clinical trials assessing novel monoclonal antibodies in the treatment of

follicular lymphoma:

Progressi | Complete | Objective
. Phas | Disease . Control on Free Response | Response
Author, Year Trial # Experimental Agent . P P
e Status Agent Survival Rate Rate
(PFS) (CRR) (ORR)
Hutchings et. al, 2021 NCTO“ZWS” | R/R Glofitamab ' N/A N/A 36.8% 53.8%
Bannerji et. al, 2022 % NCT°2129095 | R/R Odronextamab N/A N/A 72% 91%
Advani et. al, 2010 72 N/A | R/R Inotuzumab Ozogamicin N/A 10.4 months N/A 68%
Ogura et. al, 2010 7 NCT0071792 | Rituximab Inotuzumab Ozogamicin N/A N/A 54% 85%
5 pretreated
Tobinai et. al, 2011 7 N/A | Relapsed LY2469298 N/A N/A 30% 50%
Armand et. al, 2021 % NCT0203894 | RIR Nivolumab N/A 2.2 months N/A 4%
Hamadani et.al, 20217 | NCT0266901 | RIR Loncastuximab Tesirine N/A N/A 64.3% 78.6%
Huntchings et. al, 2021 # NCT03762503 171 R/R Epcoritamab N/A N/A 50% 90%
Hagenbeek et al, 20080 | NCTOO07227 1y RIR Ofatumumab N/A N/A N/A 20% - 63%
Morschhauser et.al, 2009 @ | NCTOO28542 1y R/R Veltuzumab N/A N/A 27% 44%
Morschhauser et. al, 2010 *° BO18418 1/l R/R Ocrelizumab N/A 11.4 months N/A 38%
Leonard et. al, 2003 72 N/A 1/l R/R Epratuzumab N/A 86.6 weeks N/A 24%
Fayad et. al, 2013 *¢ N/A 1/l R/R Inotuzumab Ozogamicin + R N/A 2-years: 68% N/A 87%
Czuczman et. al, 2005 7° N/A /11 R/R Galiximab N/A N/A 6% 11%
Ganjoo et. al, 20157 NCT0035492 /1 Previously Ocaratuzumab N/A 38.3 weeks 8% 30%
6 treated
Kolstad et. al, 2020 77 NCTO179617 1 ya RIR 177-Lu-lilotomab N/A N/A N/A 65%
1 Satetraxetan
Fanale et. al, 2014 78 NCT0%67059 1A/11 R/R Lucatumumab N/A N/A 4.8 % 33.3%
Palomba et. al, 2022 % NCT02222084 1B R/R Flizumab + Obinutuzumab N/A 9 months 23% 54%
Polatuzumab-Vedotin +
Diefenbach et. al, 2021 % | NCT0260087 115 RIR Obinutuzumab + N/A N/A 63% 76%
Lenalidomide
Atezolizumab +
Morschhauser et al, 2021 9 | NCT0263157 1B/1I R/R Obinutuzumab + N/A 36-months: N/A N/A
7 ) X 68.4%
Lenalidomide
Morschhauser et. al, 2019 7 | NCT0169189 [ R/R* Polatuzumab-Vedotin + ke | Finatuzumab- N/A 45%> 70%?
8 Vedotin + R
Czuczman et. al, 2012 10 NCT0%49478 1l Untreated Ofatumumab + CHOP 22 N/A N/A 62% 90% - 100%
Rosenbaum et. al, 2019 ¢ NCT0191 97044 Il Untreated Ofatumumab N/A 1.9 years 9% 84%
Leonard et. al, 2008 ® N/A Il R/R Epratuzumab + R N/A 10 months 24% 54%
Grantet. al, 2013 8¢ NCTO?SS:’}SO Il Untreated Epratuzumab + R N/A 3.5 years 42.4% 88.2%
Relapsed
Westin et. al, 2014 19 NCT0%90472 1l Rituximab- Pidilizumab + R N/A 18.8 months 52% 66%
Sensitive
Press et.al, 2006 &' S9911 I Untreated CHOP + quﬁumomab/l-'l 3 N/A 5-years: 67% 69% 91%
Tositumomab
Fludarabine +
Leonard et.al, 2005 #2 N/A I Untreated Tositumomab/I- N/A N/A 86% 100%
Tositumomab*
Czuczman et. al, 2012 12 NCTO? 1797 I Untreated Galiximab + R N/A 2.9 years 47.6% 72.1%
Salles et. al, 2019 77 NCTO%M 348 Il Relapsed Daratumumab N/A N/A N/A 12.5%
Nastoupil et.al, 2022 8 NCT02744645 Il R/R Pembrolizumab + R N/A 12.6 months 23% 93%
Czuczmaneet. al, 20127 | NCT0039483 i Rituximab Ofatumumab N/A 5.8 months N/A 22%
6 Refractory
Press et. al, 2013 ® S0016 Il Untreated CHOP + |-Tositumomab?* CHOP + R 2-years: 80%" A5% 93%"
* Relapsed/Refractory
** Rituximab
A PFS, CR, ORR are those of the experimental group.
AA CHOP is Cyclophosphamide, Doxorubicin, Prednisone and Vincristine.
T Glofitamab was pre-phased with Obinutuzumab
1 I-Tositumomab is 131 lodine Tositumomab
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Table 2. Ongoing clinical trials investigating novel monoclonal antibodies in follicular

lymphoma.
) ) . Estimated
Trial # Experimental Agent Control Agent Disease Status Phase Completion Date
NCT03150329 Pembrolizumab + Vorinostat N/A R/R | June 18, 2023
NCT03401853 Pembrolizumab + Rituximab Peml?rolizumab * R/R I July 30, 2024
Obinutuzumab
NCT03498612 Pembrolizumab N/A Untreated Il September 1, 2023
NCT03361852 Pembrolizumab and NeoVax NeoVax N/A | March 14, 2026
NCT03035331 Pembrolizumab, + Dendritic N/A N/A il July 1,2023
Cell Therapy + Cryosurgery
NCT05788081 Nivolumab + BMS-986369 + BMS-986369 + Newly Diagnosed I June 1,2027
Rituximab Rituximab
NCT03884998 Nivolumab + Copanlisib N/A Transformed | Decezno‘ggr 16,
Obinutuzumab +
NCT05169658 Polatuzumab Vedotin + Mosunetuzumab Untreated I August 1, 2024
Mosunetuzumab
Oncastuximab Tesirine + December 28,
NCT05672251 Mosunetuzumab N/A R/R Il 2024
NCT05783609 Epcoritamab + Rituximab N/A Untreated I 25;;’““3’ 22,
Tested in 8 different
NCT04663347 Epcoritamab arms with 8 different | BOth Untreated and B/l November 30,
R/R
agents 2024
NCT03625037 Epcoritamab N/A N/A 171 April, 2029
NCT03075696 Glofitamab N/A Obinutuzumab il August 28, 2025
Treated
NCT02290951 Odronextamab N/A N/A | December 2, 2025
Tazemetostat + Umbralisib + December 15,
NCT05152459 Ublituximab N/A R/R 1711 2024
NCT05783596 Obinutuzumab + Glofitamab N/A Untreated Il
January 8, 2029
NCT04834024 MIL62 + Lenalidomide Lenalidomide Rituximab Refractory Il March 2025
NCT04587687 Brentuximab Vedotin + N/A RR I May 1, 2024
Bendamustine
Blinatumomab + December 31,
NCT02568553 Lenalidomide N/A R/R | 2023
NCT02520791 MEDI-570 N/A R/R | December 31,2023
NCT03410901 Anti-OX40 N/A N/A | October 10, 2023
NCT01796171 Lilotomab N/A R/R Il November 2022
NCT04594642 TNB-486 N/A R/R | May 2024
NCT05611853 BN-301 N/A N/A Il December 30,
2024
NCT03424603 STRO-001 N/A Advanced | November 2023
NCT04903197 lanalumab (VAY736) N/A N/A I/1B June 30, 2027
NCT05365659 IKS03 N/A Advanced | July 2027
NCT04358458 GEN3009 N/A R/R 1/2A September 4, 2025
NCT05025800 ALX148 N/A R/R 171l March 10, 2026
NCT04806035 TG-1801 TG-1801 + Ublituximab N/A IB December 2023
NCT05003141 PSB202 N/A R/R IA/IB January 2024
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Figure 1. Structure of the approved monoclonal antibodies in follicular lymphoma. a) general structure

of a monoclonal antibody, with the upper variable domain (Fab) and lower constant domain (Fc) as well
as two heavy chains (H) and two light chains (L); b) structure of Rituximab with fucose residues attached,;

c) structure of Obinutuzumab with absence of the fucose residues which increases its affinity to bind
effector cells; d) structure of Ibritumomab, covalently linked to the chelator tiuxetan, to which is further
added a radioactive isotope, (yttrium-90), which emits beta radiation and induces cellular damage; e)
structure of Mosunetuzumab showing one Fab segment directed towards CD20, and the other Fab
segment directed towards CD3.
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