Review Article

L))

Check for
u

Page 1 of 13

Novel targeted agents for follicular lymphoma

Connie Lee Batlevi', Franck Morschhauser’

'Memorial Sloan Kettering Cancer Center, Lymphoma Service, New York, NY, USA; ZGroupe de Recherche sur les Formes Injectables et les

Technologies Associées, Université de Lille, Lille, France

Contributions: (I) Conception and design: All authors; (I) Administrative support: None; (III) Provision of study materials or patients: None; (IV)

Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final

approval of manuscript: All authors.

Correspondence to: Franck Morschhauser. Groupe de Recherche sur les Formes Injectables et les Technologies Associées, Université de Lille, CHU
Lille ULR 7365, Lille F-59000, France. Email: Franck.morschhauser@chru-lille.fr.

Abstract: Follicular lymphoma (FL) is an indolent B cell lymphoma with a heterogenous presentation
notable for multiple relapses over a patient’s lifetime. Throughout multiple decades, patients will often
require treatments including chemoimmunotherapy, molecularly targeted agents and evolving types of
immune therapy. A diverse repertoire of molecularly targeted agents have been studied in FL. Intracellular
pathways such as B cell receptor (BCR), PI3K, and BCL2 contribute to follicular lymphomagenesis and
multiple agents are utilized to inhibit this pathway. The primary agents which have cleared FDA approval are
PI3K inhibitors such as idelalisib, duvelisib, and copanlisib. There remains broad uptake of BTK inhibition
with agents such as ibrutinib. Cereblon targeting by lenalidomide affects the tumor micronenvironment
and restoration of T and NK cell response. Epigenetic dysregulation is a known clonal defect affecting
approximately 70% of FL. The first FDA approved agents is tazemetostat, an EZH?2 inhibitor. Notably,
EZH?2 genetic lesions are observed in approximately 20% of FL and in early trials these patients may have a
preferential response to EZH?2 inhibition. Aside from lenalidomide and anti-CD20 antibody which have large
studies supporting its utilization frontline and second line therapy, the majority of the molecularly targeted
agents are used in third line treatment of FL. Except for lenalidomide which is typically combined with
anti-CD20 antibodies, the other agents are approved as a single agent therapy. Focused targeted of a single
molecular pathways may lead to development of treatment resistance. Therefore, combinations of molecular
targeted agents with chemotherapy or immune targeted agents may be favored to reduce development of
resistance, achieve deeper remissions and prolong durable responses. This review will highlight the drug
class and review the clinical and safety data relevant to FL. Finally, this review will evaluate the available data

supporting combination therapy and potential future for synergism for these molecular targeted agents.
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Introduction

Patients with follicular lymphoma (FL) have a
diverse spectrum of treatment options in both the
frontline and relapsed settings. In addition to various
chemoimmunotherapy regimens, molecularly targeted

therapies demonstrate an increasing role in routine

© Annals of Lymphoma. All rights reserved.

management. In the frontline setting, immunomodulatory
regimens such as lenalidomide and CD20 antibody (MoAb)
combinations are now considered as valuable alternative to
chemoimmunotherapy. In the relapsed/refractory disease
setting, multiple molecularly targeted agents are approved
for clinical use and more are under active investigation. The
following chapter will focus on agents shown to effectively
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target relevant intracellular oncogenic pathways in FL but
will exclude immune based therapies targeting antigens on
the lymphoma surface. For each drug class, we will first
review current efficacy and safety data obtained as a single-
agent and combined with anti-CD20 MoAbs. A second part
will address preliminary data of each class in combination
with chemotherapy or other classes of agents.

B cell receptor (BCR) pathway

BCR signaling is chronically upregulated in FL and
activates many proliferation and survival pathways including
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-xB), Janus kinase/signal transducer and activator
of transcription proteins (JAK/STAT), phosphatidylinositol
3-kinase/protein kinase B/mammalian target of rapamycin
(PIBK/AKT/mTOR) to promote survival. Approximately
30% of FL patients have mutations in the BCR-NF-kB
signaling pathway though the functional consequences of
these mutations are unknown (1-4). Somatic hypermutation
of the variable region of the immunoglobulin heavy
and light chains facilitate N-glycosylation of surface
immunoglobulin which also activates antigen independent
BCR signaling (5-7). Essential downstream components
of the BCR pathway include the Bruton’s tyrosine kinase
(BTK), PI3K/Akt/mTOR, Notch, and JAK/STAT pathway.
Most of these signaling events convert on survival and
proliferation signals propagated through the NF-«B
pathway.

BTK is the immediate downstream partner of
BCR activation. Despite chronic expression of BCR,
subpopulations of FL are insensitive to BCR signaling and
portend a poor prognosis (8). FL also harbor mutations
downstream of BTK thereby bypassing dependency on BTK
signal transduction. Furthermore, in contrast to activated
B cell DLBCL which rely on BTK, JAK/STAT, and NF-
kB signaling, germinal derived lymphomas such as FL and
germinal center B cell DLBCL more commonly rely on
PI3K/mTOR signaling to transmit survival signals (9).

The PI3K/Akt/mTOR pathway is a crucial downstream
partner of BCR signaling regulating intrinsic cellular
processes such as proliferation, growth, apoptosis, and
cellular migration (10). PI3K inhibition effectively reduces
AKT phosphorylation and decreases expression of pro-
survival proteins (11). A constitutively active PI3K signal
rescues BCR knockout B cells by re-expression of critical
transcription factors such as FOXO1 (12). Alternative
mechanisms of PI3K lymphomagenesis include regulation
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of leukocyte trafficking and development of T cell mediated
immune responses (13,14). Strategies targeting multiple
PI3K isoforms may be beneficial to enhance PI3K signal
blockade. In a PI3Ka shRNA knockdown model, dual
inhibition of PI3Ka and -8 blockade enhanced lymphoma
apoptosis (15). Studies of PI3K isoform specific inhibitors
similarly support PI3Ka and PI3K$ inhibition for adequate
suppression of phospho-AKT, and downstream NF-«xB
and PI3K pathways (15,16). Development of resistance to
PI3KS$ inhibition may be reduced with concurrent PI3Ka
inhibition (15).

BTK inbibitors
BTK inhibition has been studied in FL initially with ibrutinib

and subsequently newer more specific BTK inhibitors such
as acalabrutinib. When BCR and its downstream BTK
signaling is constitutively activated in FL, FL seemingly is
not dependent on BCR signaling for survival. These may be
contributory factors to the modest clinical response achieved
thus far with BTK inhibitors in three independent FL
studies. Ibrutinib at 560 mg daily in 40 patients with relapsed/
refractory FL. showed a modest response of 37.5% with a
complete response rate of 12.5% (Figure I). The median lines
of therapy was 3 and the median progression-free survival
(PFS) was 14 months (37). Another phase 2 study enrolling
110 FL patients with a median 3 prior lines of therapy
showed overall response of 21%, complete response of 11%
and a median PFS of 4.6 months (17). Similarly, single agent
acalabrutinib in relapsed/refractory FL. demonstrated similar
efficacy to rituximab and acalabritunib with overall response
of 33% and 39%, respectively, and complete response of 8%
in both groups (18). Targeting BTK may be better pursued
in combination with other therapies. The results of the
ROSEWOOD clinical trial comparing obinutuzumab and
zanubrutinib to obinutuzumab alone will be enlightening

(NCT03332017).

PI3K inbibitors

Three PI3K inhibitors are FDA approved in treatment of
FL and several are in development (Figure I). Idelalisib is
an oral PI3K? specific inhibitor which was the first PI3K
inhibitor approved in FL (19). The study treated 125
patients with indolent non-Hodgkin lymphoma (NHL)
on a phase 2 study who were “double refractory” to prior
therapy which was defined as patients treated with rituximab
and an alkylating agent either in successive regimens or
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Figure 1 Select clinical activity of single and combination molecularly targeted agents in relapsed FL. Combination regimens consistently

have higher response rates in relapsed FL (17-36). FL, follicular lymphoma; O, obinutuzumab; pola, polatuzumab vedotin; ven, venetoclax; R,

rituximab; benda, bendamustine.

together with less than a partial response within 6 months
of prior therapy. Seventy-two FL patients included 79%
of patients with an intermediate or high FLIPI score. The
overall response and complete response rate was 54% and
8% respectively in patients with FL. In the whole study,
the median duration of response was 12.5 months and the
median PFS was 11 months. The safety analysis identified
diarrhea (43%), fatigue (30%), nausea (30%), cough
(29%), and pyrexia (28%) occurring in >20% of patients.
Notable grade 3 or higher toxicities included neutropenia
(27%), transaminase elevations (13%), diarrhea (13%), and
pneumonia (7%). These adverse events led to treatment
discontinuation in 25 patients (20%) and dose reductions in
42 patients (34%). Guidelines for management of diarrhea/
colitis, transaminitis, and pneumonitis have since positively
contributed to management of treatment related adverse
events (38).

Duvelisib is a second-generation orally administered
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dual 8/y PI3K inhibitor that gained accelerated approval
in 2018 for the treatment of relapsed/refractory FL after
>2 prior lines of therapy. The phase 2 DYNAMO study
enrolled 129 patients with indolent NHL who were double
refractory to rituximab (monotherapy or in combination)
and either chemotherapy or radioimmunotherapy (20).
The FL population included 75% patients with an
intermediate or high FLIPI score. The overall response rate
42.2% and complete response rate 1.2% in patients with
FL. Across all NHL histologies, the median duration of
response was 10 months and median PFS was 9.5 months.
Similar to idelalisib, the adverse events include diarrhea
(48.8%), nausea (29.5%), neutropenia (28.7%), fatigue
(27.9%), and cough (27.1%) with the most coming grade
3 or higher adverse events being neutropenia (24.8%),
diarrhea (14.7%), anemia (14.7%), and thrombocytopenia
(11.6%). Grade 3 or higher laboratory elevations of lipase
was 7% and ALT elevates was 5.4%. The adverse events
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led to discontinuation of duvelisib in 31% (39) of patients.
Dose interruptions or reductions were observed in 66% of
patients.

Early results of frontline activity of duvelisib in
combination with an anti-CD20 antibody in FL. demonstrated
promising activity, with an ORR of 87-90% (40). Of 28
patients in the rituximab and duvelisib arm, 64% experienced
an adverse events and 14% discontinued duvelisib from an
adverse event. The most common grade 3 or higher adverse
events in these patients included transaminitis (21%) and rash
(14%). The obinutuzumab and duvelisib experienced higher
adverse events with 70% of patients experienced grade 3 or
higher events. In this group, 63% of patients experienced
an adverse event leading to modification or interruption of
duvelisib and 7% discontinued duveslisib from an adverse
event. The most common grade 3 or higher adverse events
included neutropenia (19%), ALT increase (15%), and
aspartate aminotransferase increase (11%) (40).

Copanlisib is an intravenously administered pan-
PI3K inhibitor with preference targeting the PI3Ko and
PI3KS isoform. The expansion component of the phase 2
CHRONOS study enrolled patients with indolent NHL
including 104 patients with FL. (21). The cohort included
56% patients who were refractory rituximab and 43%
patients who were refractory to rituximab and an alkylating
agent. In the FL patients, the overall response was 59% with
14% patients achieving a complete response. The median
duration of response was 12.2 months and the median
PFS was 11.2 months. The most common treatment-
emergent adverse events occurring in >25% of patients
were transient hyperglycemia, transient hypertension,
diarrhea, fatigue, decreased neutrophil count, and fever.
The highest incidences of grade 3 or higher adverse events
were neutropenia (24%), lung infection (15%). While
pneumonitis, diarrhea and colitis were observed, they
represented <5% of the events. Adverse events leading to
cessation of therapy which were attributed to therapy was
observed in 16% of patients. Transaminitis was observed
in 23-28% of patients and mostly grade 1 (19-25%).
Rituximab and copanlisib were evaluated for safety in a
small phase I study of multiple NHL including 7 patients
with FL. The most common AEs were neutropenia, nausea,
thrombocytopenia, and hyperglycemia with no new adverse
event profile observed (41). Combination of copanlisib
with rituximab are ongoing in a randomized phase 3 study
(NCT02367040).

Finally, there are a number of emerging PI3K inhibitors
with promising activity and safety profile. Umbralisib

© Annals of Lymphoma. All rights reserved.

Annals of Lymphoma, 2021

is a dual PI3Kd/casein kinase le inhibitor which has
demonstrated efficacy in FL (42). The subset of 17
patients with FL demonstrated an overall response of 53%
including 12% with complete response. The most common
treatment associated adverse events were diarrhea (43%),
nausea (42%), and fatigue (31%). Transaminitis and colitis
represented <5% of grade 3 or higher adverse events. A
larger study of various NHL showed consistent response
of 45%, 5% in complete response, and 10.6 months PFS
in 117 FL patients (22). Of note, umbralisib has limited
CYP450 inhibition and few pharmacologic interactions.
Zandelisib, also known as ME-401, is an oral selective PI3kd
inhibitor undergoing early phase trials with an intermittent
schedule designed to minimize long term toxicity. In a study
of healthy volunteers, zandelisib demonstrated favorable
pharmacokinetic and pharmacodynamic characteristics
with near maximal inhibition of PI3K$ after a single
60 mg dose. No serious adverse events were observed and
only three events, one each of pain, headache, and upper
abdominal pain, were attributed to zandelisib (43). Early
data in 48 FL patient demonstrate a high overall response
of 79% with a mild toxicity profile (23,44). Parsaclisib is a
selective potent PI3KS inhibitor being studied in indolent
lymphomas. Of 106 treated FL patients, the early activity
showing overall response of 70% and complete response
of 13% are promising in context of manageable adverse
events (45). These new generations of PI3K inhibitors
demonstrate similar efficacy to other agents in their class
with improvements in toxicity profile rendering these next
generation PI3K inhibitors promising for combinations
with other agents in the FL armamentarium.

Areas of investigation in BCR signaling

Other components of the BCR signaling includes Notch,
mTOR, and JAK/STAT. Activating mutations in Notch,
JAK/STAT pathways are common events which may
contribute to follicular lymphomagenesis. Notch mutations
typically in the PEST domain are seen in approximately
20% of FL (2,46,47). Recurrent activating genomic
alternations of the mTOR pathway leading to mTOR
mediated resistance to nutrient deprivation occur in 17%
of FL. (48,49). Similarly, mutations in JAK/STAT pathway
are observed in approximately 20% of FL and contribute to
STAT6 activation and promotion of cell survival (3).
Pharmacologic targeting of BCR signaling components
have varied success. Despite strong interest in Notch
pathway inhibition, gamma-secretase inhibitors targeting
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the PEST domain of Notch have largely been unsuccessful.
JAK/STAT inhibitors have varied success. Cerdulatinib
is a dual SYK and JAK inhibitor studied in FL. A phase
2 study comparing single agent cerdulatinib to rituximab
and cerdulatinib demonstrated similar overall response
of 45% and 59%, and complete response of 12.5% and
11.7%, respectively (24). Agents targeting mTOR such as
temsirolimus and everolimus have shown some degree of
efficacy, but further studies are needed in larger groups of
FL patients (50,51).

Epigenetic modulators

FL is characterized by epigenetic dysregulation.
Approximately 80-90% of FL cases harbors genetic
alterations of epigenetic regulators the most common being
MLL2 (89%), CREBBP (68%), EP300 (9%), and EZH2
(12-20%) (4,39,52,53). Inactivating mutations in KM'T2D,
CREBBP and EP300 and gain of function mutations in
EZH?2 all function to suppress transcription. Both types of
transcriptional defects suppress transcription, the former by
favoring loss of active transcription marks by methylation
and acetylation (54,55) while the latter increases the
repressive trimethylation marker (56). HDAC inhibitors
have been extensively studied in FL however none have
been able to obtain regulatory approval. Enhancer of
zeste homolog 2 (EZH2) inhibitors are the first epigenetic
regulators to be FDA approved in FL.

EZH? inbibitor

EZH?2 has an essential role in germinal center development
which is a key component of FL. development. EZH?2
regulates transcriptional repression by catalyzing the
addition of methyl groups to histone H3 at lysine 27 (56,57).
EZH2 and its partner proteins are required for coordinated
differentiation and proliferation of embryonic stem cells.
Conditional knockouts in early B cell differentiation
identify EZH2 as crucial for normal immunoglobulin
VD] recombination (58). Heterozygous point mutations
affecting tyrosine 641 (Y641) within the catalytic domain
of EZH2 have been identified in FL. and GCB-DLBCL,
with an incidence of approximately 15% to 20% in both
tumor types (4,39,52,53). These series of gain of function
activating mutations Y641H/N/S/F and A687 leads to
increased methylation markers and suppression of gene
expression (53,59). EZH2 methylation also repressed
production of T helper 1 chemokines by lymphoma cells
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effectively regulating T-cell trafficking to the tumor
microenvironment (60).

Tazemetostat selectively targets EZH2 and is the first
FDA approved epigenetic modulator for relapsed/refractory
FL. The phase I study of tazemetostat in relapsed lymphoma
or solid tumors demonstrated reasonable safety profile (61).
Based on the early safety and response profiles, tazemetostat
was furthered studied in a phase II clinical trial of 156
patients with FL. or DLBCL with stratification of patients
into EZH2 mutation status. The FL cohorts included 45
patients with EZH2 mutations and 54 patients with EZH?2
wildtype (25). Patients considered to be double refractory
comprised 20% of EZH2 mutated population and 28% of
EZH? wildtype population. Patients with early progression
of disease within 24 months represented 42% and 59%
of EZH2 mutated and wildtype population. Patients with
EZH2 mutation demonstrated a higher response rate of
69% compared to 35% in the EZH?2 wildtype cohort (Figure
I). The median duration of response was 10.9 months in
the EZH2 mutated cohort and 13.0 months in the EZH2
wildtype cohort. The time to response was 3.7 months in
FL which is comparably slower than PI3K inhibitors. Late
responses were noted to occur. The most common treated
related adverse events are nausea (19%), alopecia (14%)
and diarrhea (12%). Treatment-related adverse events
of grade 3 or higher included thrombocytopenia (3%),
neutropenia (3%), and anemia (2%). Dose adjustments
were minimal as demonstrated by 9% of patients needing
dose reductions and 5% of patients having treatment
associated adverse events leading to drug discontinuation.
Comparing to PI3K inhibitors, tazemetostat is well
tolerated even with adjusting for baseline population
differences across multiple studies (62).

Other EZH?2 inhibitors are in development. DS-3201b,
valemetostat, is a dual EZH 1/2 inhibitor with demonstrated
promising clinical activity across a range of B-cell and T-cell
NHL subtypes (63) being studied in a phase I study. Other
agents include PF-06821497 which is a potent, selective
EZH?2 inhibitor, being studied in both solid tumors and FL
(NCT03460977).

HDAC inhbibitor

Epigenetic imbalance is a hallmark of FL. Inactivating
genomic alterations in histone acetyltransferases such as
CREBBP and EP300 are observed in both DLBCL and
FL (4,39,64). The inactivation mutations in these proteins
lead to impaired BCL6 acetylation and suppression of p53.
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Histone deacetyltransfersase (HDAC) inhibitors potentially
restore HDAC imbalance to inactivate BCL6 and normalize
p53. Several HDAC inhibitors have been evaluated in
lymphoma with three HDAC inhibitors, mocetinostat (26),
vorinostat (27,65-67) and abexinostat (28,68,69), having FL.
specific clinical data (Figure I). In small series of patients,
overall response have ranged from 10-56%. Interestingly,
while HDAC inhibitors may display a slower time to
response, patients who respond may have prolonged
duration of remissions. Abexinostat as third line therapy
remains actively investigated in a phase 2 study open to
accrual in China (NCT03934567) (64).

Sirtuin epigenetic modulation

Alternative epigenetic mechanisms may also contribute
to lymphoma development. Sirtuins are nicotinamide
adenine di-nucleotide dependent lysine deacetylases
which localize to mitochondria and deacetylase metabolic
proteins (70). Seven mammalian sirtuin proteins (SIRT'1-
7) effects lysine deacetylation, desuccinylation, and defatty-
acylation to modulate the metabolic status of lymphoma
cells. SIRT1 is known to be overexpressed in FL (71).
SIRT3 is overexpressed in DLBCL and depletion induces
acetylation of mitochondrial proteins, inhibited proliferation
and induced autophagy (72). To date, modulators of sirtuins
have pre-clinical data in animals but have yet to reach human
studies.

BCL?2 inbibitor

Translocation of t(14,18) is a characteristic of FL as an early
clonal event and identified in 90% of patients (73). In this
oncogenic event, BCL2 is displaced to the transcriptional
control of the immunoglobulin heavy chain regulatory
region (IGH) leading to constitutive expression of the anti-
apoptotic protein BCL2 (74,75). However, single agent
activity of the BCL2 inhibitor, venetoclax, appears limited.
While mutations of BCL2 are commonly in FL, they are
typically outside of the venetoclax binding domain (76).
While BCL2 overexpression may be important for early
development of FL, the BCL2 pathway may be less critical
during later timeline of FL. development when therapy
is required. In a phase I study of venetoclax in multiple
NHL subtypes, 29 patients of the FL cohort demonstrated
overall response rates of 38%, complete responses of 14%,
and median PFS 11 months (29) (Figure 1). A phase 2
study evaluated the combinations of rituximab-venetoclax,
bendamustine-venetoclax, and rituximab-bendamustine
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in FL (30). The study enrolled similar patients including
stage, refractoriness to last therapy, and disease burden by
GELF. The rituximab-venetoclax arm enrolled 52 patients
and observed an overall response of 35% and complete
response of 17% that was sustained at 1 year. In this limited
comparison, rituximab-venetoclax did not appear to have

additive synergism (30).

Lenalidomide

Lenalidomide is an immunomodulator with multiple
mechanisms of action. The best known anti-cancer effects of
imides is through direct binding to cereblon (CRBN) (77).
Direct binding of lenalidomide to cereblon leads to rapid
ubiquitination and degradation of key B cell transcription
factors such as Ikaros and Aiolos (78). In multiple myeloma,
lenalidomide effects such as IRF4 suppression were
diminished when CRBN was depleted supporting the
concept that CRBN is required for anti-cancer effects
of lenalidomide (79). In FL, lenalidomide has several
downstream effects including reactivation of dysfunctional T
and NK cells through T-helper cell type 1 cytokine release,
enhanced antibody dependent cellular cytotoxicity in a
cereblon dependent pathway, promoted formation of NK
mediated immunologic synapses to enhance cytolytic activity,
and increased CD20 phagocytosis through stimulation of
macrophages and monocytes (80,81).

In relapsed FL, lenalidomide and anti-CD20 antibody
demonstrates significant activity (31,82,83) (Figure I). In a
randomized, double-blind, phase III study of 358 patients,
rituximab and lenalidomide demonstrated a PFS of 39.4
months compared with 14.1 months for rituximab and
placebo in patients with previously treated with FL (31).
The clinical response as assess by an independent review
committee was 78% and 53 % in the rituximab-lenalidomide
and rituximab-placebo arms, respectively. The most
common grade 3 or more adverse event in the rituximab-
lenalidomide arm was neutropenia (50%) (31). Preliminary
data from the phase 3 MAGNIFY trial (NCT01996865)
examining 12 cycles of rituximab and lenalidomide followed
by maintenance of rituximab and lenalidomide versus
rituximab monotherapy are promising. The induction phase
of rituximab and lenalidomide reported a 1-year PFES of
70%, 66% for double refractory (refractory to CD20 and
alkylating therapy); and 50% for early relapse patients (84).

Combinations of obinutuzumab and lenalidomide in
the refractory setting also demonstrates promising overall
responses even in patients with early relapse or other high-
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risk features (32,85). A phase I/II study of obinutuzumab
and lenalidomide given for maximum of 12 cycles in
relapsed indolent NHL enrolled 57 patients with FL. At
a median follow up of 17.7 months, the estimated 2-year
PFS was 74% in FL (85). The GALEN trial studied
obinutuzumab and lenalidomide induction therapy followed
by maintenance therapy initially with obinutuzumab and
lenalidomide, then obinutuzumab alone (32). Patients on
the trial had two median prior therapies, 27% of patients
had early relapsed within 24 months, and 23% of patients
were refractory to rituximab (32). At the end of induction,
the overall response rate was 79% and complete response
was 38% in 86 evaluable patients. Median PFS and duration
of response were not reached. The 2-year PFS and duration
of response was 65% and 70%, respectively (32). The most
common grade 3 or higher adverse event was neutropenia
(44%) and thrombocytopenia (14%).

Lenalidomide in treatment naive FL. demonstrated high
overall and complete response rates when combined with
anti-CD20 antibodies (86-89). The phase 3 RELEVANCE
study demonstrated that the chemotherapy free
combination of rituximab and lenalidomide had comparable
efficacy to standard chemotherapy (87). No substantial
new toxicity profile was identified. However, long term
safety data need to be further delineated in lymphoma as
secondary primary malignancies have been observed with
maintenance lenalidomide in multiple myeloma (90).

Combination regimen including molecularly targeted
therapy and future divections in FL

The diverse spectrum of therapies in FL facilitates many
combinatorial strategies. These combinations have the
benefit of targeting both the tumor and microenvironment
to increase efficacy but may unveil new side effect profiles.

Combination of molecularly targeted agents
with immunochemotherapy

Two phase 3 studies combining idelalisib with rituximab-
bendamustine in both frontline CLL and relapsed
NHL identified increased opportunistic infections
with Pneumocystis jirovecii pneumonia (PJP) and
cytomegalovirus (CMV) reactivation which led to
recommendation of PJP prophylaxis and CMV monitoring
with PI3K inhibitor therapy (91). Duvelisib was also
combined with rituximab-bendamustine in NHL and CLL
which demonstrated adverse events in 96% of patients
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considered related to duvelisib the most common being
neutropenia (47.7%), fatigue (41.3%), and rash (41.3%).
Signals for severe adverse events were CMYV reactivation,
colitis, and sepsis (92). Other PI3K inhibitors such as
copanlisib is currently investigated in multiple phase 3 trials
in combination with immunochemotherapy (CHRONOS-4,
NCT02626455).

BCL2 inhibitors may synergize with other chemotherapy
to improve responses. In the CONTRALTO clinical trial in
relapsed/refractory FL, complete response were similar (69—
75%) with the triplet venetoclax-rituximab-bendamustine
and rituximab-bendamustine (30). The venetoclax-
rituximab-bendamustine arm enrolled 51 patients and
observed an overall response of 84% and complete response
of 75% (Figure I). At 1 year, the complete response
decreased to 43%. Similarly, the rituximab-bendamustine
arm enrolled 51 patients with near identical overall response
of 84% and complete response of 69%. However, addition
of venetoclax to rituximab-bendamustine increased the rate
of adverse events which lead to treatment discontinuation
in 40% in this group compared to 4-5% in the rituximab-
venetoclax and rituximab-bendamustine arms (30). The high
rate of treatment discontinuation in the triple combination
arm likely clouded the analysis and apparent lack of benefit
to this combination.

The tolerability profile and ubiquitous dependence of
FL on germinal center development identify tazemetostat
as a rationale candidate for combination therapy. EZH?2
inhibitors may synergize with chemotherapy as shown
in solid tumors (93) A phase I study of RCHOP and
tazemetostat in newly diagnosed DLBCL demonstrated
the FDA approved dose of 800 mg BID oral tazemetostat
was well tolerated without substantial additive toxicity
(94). Grade 3 or higher adverse events observed in >10%
of the patients were constipation (24%), nausea (12%),
and hypokalemia (12%). The most common grade 3 to
4 hematologic adverse events were neutropenia (47 %),
leukopenia (29%), anemia (17%), and thrombocytopenia
(12%). Tazemetostat with RCHOP is also being studied in
high-risk FL patients with FLIPI scores of 3-5 in patients
meeting GELF treatment criteria in the frontline setting
(NCT02889523).

A series of early phase clinical studies evaluated
obinutuzumab-polatuzumab combinations with either
lenalidomide or venetoclax (Figure I). The two sister studies
demonstrate that addition of a targeted agent improves
the complete response but with additive toxicities. In a
study of polatuzumab-obinutuzumab-lenalidomide, the
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overall response was 89% and complete response of 60%
in 52 patients (33). The combination was also associated
with grade 3 or higher adverse events in 75% of patients
including neutropenia (46%), thrombocytopenia (17%),
anemia (12%) and infections (12%). Lenalidomide
adjustments were common with over 50% needing dose
interupttions and 30% needing dose reductions. The
polatuzumab-obinutuzumab-venetoclax combination
showed an overall response of 87% and a complete response
of 60% (34). Both studies suggest synergism of the triplet
and improved disease control compared to the polatuzumab-
obinutuzumab combination (35), however, the combinations
led to additive toxicities. Lenalidomide added to RCHOP
was also studied in frontline FL. with no clear indication of
improved efficacy but notable grade 4 neutropenia (95). An
assessment of safety and clinical benefit ratio is warranted in
future development of combination therapies.

Combinations of different classes of molecularly
targeted therapies

The reliance of FL on multiple oncogenic pathways
rationalizes combinatorial strategies using molecularly targeted
agents targeting distinct separate pathways. Our experience
in these strategies have mixed results with some combination
showing clear synergistic toxicity while others are under
investigation. Close monitoring of these studies to analyze
safety profiles and clinical efficacy are of utmost importance.

Combinations of rituximab, lenalidomide and idelalisib
identified new toxicities across three clinical studies. In two
Alliance clinical trials for follicular and mantle cell lymphoma,
four of the first eight patients given this combination
experienced dose-limiting toxicities, including grade 4 sepsis
syndrome, grade 4 hypotension with grade 3 rash and fevers,
grade 4 transaminase elevation with fevers, and grade 3
pulmonary infection with grade 3 maculopapular rash (96). In
a separate multi-arm phase I study of combination agents with
idelalisib, the combination arm of rituximab, lenalidomide, and
idelalisib demonstrated grade 3 or higher transaminitis in 6 of
7 patients including two deaths, one from hepatic failure and
another from respiratory failure in the setting of gram-positive
bacteremia (97). A phase 2 study combining the spleen tyrosine
kinase inhibitor, entospletinib, and idelalisib was prematurely
ended when grade 3 or higher pneumonitis was observed in
17% of patients (98).

Synergism are predicted between BTK and PI3K
inhibitors based on high throughput strategies using unbiased
small molecule combination screening (99). Duvelisib was
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observed to synergize with dexamethasone, ibrutinib, and the
BCL-2 inhibitor venetoclax in multiple lymphoma cell lines
using orthogonal studies such as inhibitory growth curves
and xenograph mouse models (100). The Combinations of
duvelisib are being studied and warrant close monitoring for
unexpected toxicities.combination of buparlisib and ibrutinib in
NHL enrolled FL had reassuring lack of new toxicities (101). A
triple combination of umbralisib, ibrutinib and an anti-CD20
antibody, ublituximab, also had 7 evaluable FL patients, 5 (71%)
responded with one complete response (36). This combination
of PI3K, BTK inhibitors with CD20 MoAb also reveal no
unexpected adverse events with infusion reactions being one of
most common reasons for treatment interruptions (36).

"Tazemetostat combinations are promising based on the
favorable safety profile of tazemetostat. Tazemetostat in
combination with lenalidomide demonstrated synergistic
effects in a high throughout iz vitro combination platform
testing antiproliferative activity. This has led to the ongoing
phase I/III clinical study combining tazemetostat with
rituximab and lenalidomide (NCT04224493). The trial will
enroll in up to three phases, an initial safety run-in followed
by a cohort of EZH?2 unselected FL patients, and possibly a
third cohort of EZH2 mutated FL. A phase Ib/III study of
rituximab, lenalidomide and tazemetostat is underway and
plans to enroll >500 patients to evaluate this combination in
the second line setting (NCT04224493). Other preclinical
data support synergism between tazemetostat and the
BCL2-inhibitor, venetoclax, based on cell line models and
patient derived xenografts demonstrating tazemetostat can
upregulate Bcl-2 family members and prime mitochondria
mediated apoptosis (102) paving the rationale for testing
this combination in the clinic.

Finally, new modalities of immunotherapies with
bispecific antibodies, CAR T cells were shown to be highly
promising in FL based on early response data. Combination
of molecularly targeted drugs with immunotherapies
are warranted and work is progress to identify
rationale combination and maintenance strategies with
immunotherapies to optimize duration of response and PFS
in FL. One such study is the highly anticipated phase Ib
study of bispecific antibody cominbations, mosenutuzumab-
lenalidomide, glofitamab-lenalidomide, and glofitamab-
obinutuzumab-lenalidomide, in relapsed/refractory FL in
second line or later treatment (NCT'04246086).
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