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Abstract
Follicular lymphoma (FL) is a disease often characterized by chronic 
and successive relapses after first-line chemoimmunotherapy. Although 
chemoimmunotherapy and combination therapy, such as lenalidomide 
with rituximab, are well established in the treatment sequence of FL, 
there is a need to streamline treatment options and determine place-
ment of novel agents, such as chimeric antigen receptor T-cell therapy, 
an enhancer of zeste homolog 2 inhibitor, or a phosphoinositide 3 ki-
nase inhibitor, into the treatment landscape. As such, the purpose of 
this review is to compare the safety profiles of approved agents in 
subsequent lines of therapy for relapsed or refractory FL and to assess 
how the management of adverse events may impact treatment choice. 

Follicular lymphoma (FL) is 
the second-most common 
lymphoma in the United 
States (Tan et al., 2013), ac-

counting for 20% of non-Hodgkin 
lymphoma (NHL) cases (National 
Institutes of Health [NIH], 2021). It 
is most frequently diagnosed among 
people aged 55–64 years (median, 
63; NIH, 2021). Relapsed/refractory 
(R/R) FL remains incurable and is 
characterized by cycles of treatment–
remission–relapse wherein the ma-
lignancy may become refractory to 
treatment (Tan et al., 2013). 

Despite recent advances in the 
FL treatment landscape, overall sur-

vival (OS) and progression-free sur-
vival (PFS) outcomes decrease with 
each subsequent line of therapy. 
In the first-line setting, rituximab 
(Rituxan) in combination with cy-
totoxic therapy is the preferred op-
tion and is prescribed in approxi-
mately 52% to 58% of patients with 
FL (Batlevi et al., 2020; Friedberg 
et al., 2009; Link et al., 2019). In the 
second-line setting, combination  
lenalidomide (Revlimid)/rituximab 
(Rituxan; R2) or an anti-CD20 mono-
clonal antibody in combination with 
cytotoxic therapy are preferred op-
tions (Salles, 2020). Although first- 
and second-line therapies in FL are 
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well established and effective at achieving remis-
sion, no standard of care has been established in 
the third-line setting and beyond. 

The goal of therapy for R/R FL after first-
line therapy is to maintain a good quality of life 
while managing the disease and slowing down its 
progression. When choosing an optimal therapy, 
greater emphasis should be placed on the need to 
balance efficacy with patient preferences in terms 
of tolerability and management of adverse events 
(AEs). As such, the purpose of this review is to 
compare the safety profiles of commonly used 
agents in subsequent lines of therapy for R/R FL 

and assess how AE management might impact 
treatment choice. 

TREATMENT OPTIONS
Although many treatment options are available for 
R/R FL, the optimal therapeutic regimen in this 
setting has not been established (Figure 1). The 
main treatment options for these patients include 
immunomodulatory agents, and targeted thera-
pies, such as chimeric antigen receptor (CAR) 
T-cell therapy, bispecific antibodies, an enhancer 
of zeste homolog 2 (EZH2) inhibitor, or a phos-
phoinositide 3 kinase (PI3K) inhibitor (Dreyling 

Anti-CD20 mAb
• Rituximab 
• Obinutuzumab 
• Ibritumomab tiuxetan 

IMiD
• Lenalidomide

PI3K inhibitor
• Copanlisib 

Anti-CD19 CAR T-cell
• Axicabtagene ciloleucel
• Tisagenlecleucel 

Immune e­ector cells

B-cell receptor

Antiangiogenesis

CD20

Immunomodulatory agents

Cytotoxic therapy

B-cell inhibiton 
FL tumor cell

CAR T-cell therapy

EZH2 inhibitor
• Tazemetostat  

Epigenetic regulators

PI3K

CD19

Figure 1. Mechanism of action of approved therapeutic classes in follicular lymphoma. 
Note. CAR T-cell = chimeric antigen receptor T-cell therapy; EZH2 = enhancer of zeste homolog 2;  
FL = follicular lymphoma; IMiD = immunomodulatory imide drug; mAb = monoclonal antibody;  
PI3K = phosphoinositide 3 kinase.
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et al., 2021; Huntington et al., 2022; Ngu et al., 
2022; Potnis et al., 2023). Because patients with 
R/R FL experience successive relapses, many are 
treated with several of these options throughout 
their disease course (Tan et al., 2013). 

Monoclonal antibodies directed against 
CD20 are key components in the treatment of 
FL. Such anti-CD20 monoclonal antibodies in-
clude rituximab and obinutuzumab (Gazyva). 
Although single-agent rituximab is a viable op-
tion for some patients, chemoimmunotherapy 
remains at the forefront as a treatment option for 
R/R FL (Dreyling et al., 2023; Skarbnik & Patel, 
2023). Chemoimmunotherapy options combine 
either rituximab or obinutuzumab with che-
motherapeutic agents such as bendamustine, 
combination cyclophosphamide/doxorubicin/
vincristine/prednisone, or cyclophosphamide/
vincristine/prednisone. 

Lenalidomide, an immunomodulatory agent 
and non-chemotherapeutic option, is approved as 
combination therapy with rituximab in the R/R 
setting and may be favorable for select patients 
(Celgene, 2021). Lenalidomide/rituximab or an 
anti-CD20 monoclonal antibody in combination 
with cytotoxic therapy are preferred options in 
the second-line setting (Salles, 2020). 

AUGMENT is a randomized phase III study 
that compared R2 with rituximab monotherapy in 
patients who received at least one prior therapy 
but were not refractory to rituximab (Table 1). 
In a subset of 295 patients with FL, median PFS 
(mPFS) was 39.4 months with R2 compared with 
13.9 months in the rituximab monotherapy group 
(Leonard et al., 2019a, 2019b). GADOLIN is another 
randomized phase III study that compared obinu-
tuzumab/bendamustine vs. bendamustine mono-
therapy in patients with rituximab-refractory  

Table 1. Efficacy Results of Studies in FLa

Trial Regimen Study population ORR, % mPFS mOS

Immunomodulatory therapy

McLaughlin, Piro, 
and Davis trials

Rituximab R/R low-grade or follicular NHL  
(N = 296)

36–57 — —

AUGMENT Lenalidomide + 
rituximab 

R/R FL, ≥ 1 prior systemic therapy, 
not rituximab-refractory (n = 295)

80 39.4 
months

95% at  
2 yearsb

Rituximab 55 13.9 
months

86% at  
2 yearsb

CAR T-cell therapy

ZUMA-5 Axicabtagene 
ciloleucel 

3L R/R FL (n = 123) 94 73% at  
18 monthsc

92% at  
18 monthsb

ELARA Tisagenlecleucel 3L R/R FL (N = 97) 86 67% at  
12 monthsc

—

Bispecific antibody therapy

GO29781 Mosunetuzumab 3L R/R FL (N = 90) 80 17.9 months 90% at  
18 monthsb

EZH2 inhibitor

E7438-G000-101 Tazemetostat 3L R/R FLd (N = 99) 51 12 months NR

PI3K inhibitor

CHRONOS-1 Copanlisib 3L R/R FL (n = 104) 59 11.2 months —

Note. 3L = third-line; CAR T-cell therapy = chimeric antigen receptor T-cell therapy; EZH2 = enhancer of zeste homolog 
2; FL = follicular lymphoma; mOS = median overall survival; mPFS = median progression-free survival;  
NHL = non-Hodgkin lymphoma; NR = not reported; ORR = objective response rate; PI3K = phosphoinositide 3 kinase; 
R/R = relapsed/refractory.
aTable 1 does not represent head-to-head trials. Head-to-head trials have not been conducted among the listed agents.
bOS; estimated from survival curves when not available.
cPFS; estimated from survival curves when not available.
dIncludes wildtype and mutant-type EZH2. 
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disease. In a subset of 321 patients with FL, mPFS 
was 24.1 months in the obinutuzumab/bendamus-
tine group vs. 13.7 months in the bendamustine 
group (Genentech, 2022a; Sehn et al., 2019). 

Patients with FL include elderly and frail in-
dividuals who may not be candidates for cyto-
toxic therapy and its combinations because of its 
myelosuppressive effects (Javarappa et al., 2018; 
Skarbnik & Patel, 2023). Although rituximab 
monotherapy is the preferred regimen for the el-
derly or those who are infirm and unable to tol-
erate first-line chemoimmunotherapy regimens 
(Dreyling et al., 2021; Potnis et al., 2023), safer al-
ternatives and novel targeted therapies are need-
ed. Such agents used to treat R/R FL include CAR 
T-cell therapy, a bispecific antibody, an EZH2 in-
hibitor, and a PI3K inhibitor. 

Axicabtagene ciloleucel (axi-cel; Yescarta) 
and tisagenlecleucel (tisa-cel; Kymriah) are  
CAR T-cell therapies approved for treatment of 
patients with FL (objective response rate [ORR], 
91% and 86%, respectively), whereas tazemeto-
stat (Tazverik) is an EZH2 inhibitor indicated for 
patients with FL, regardless of EZH2 mutation 
status (ORR, 51%) (Epizyme, 2020; Kite Pharma, 
2022; Novartis Pharmaceuticals Corporation, 
2022; Salles et al., 2020). Four PI3K inhibitors 
were approved by the US Food and Drug Admin-
istration (FDA) in the third-line setting and be-
yond (idelalisib [Zydelig], duvelisib [Copiktra], 
copanlisib [Aliqopa], and umbralisib [Ukoniq]). 
Because they target different PI3K subunits 
(α, β, γ, or δ), the efficacy and toxicity profiles 
of these inhibitors also differ (Qualls & Salles, 
2022). Recently, the indications for use of idelal-
isib (δ-specific), duvelisib (γ- and δ-specific), and 
umbralisib (δ- and casein kinase 1-specific) in FL 
were voluntarily withdrawn from the US market 
(Gilead, 2022; PR Newswire, 2021; TG Thera-
peutics, 2022). Concerning trends of poor OS in 
randomized controlled trials of these drugs led 
to FDA review of PI3K data. Their investigation 
concluded that the impact to OS was likely due to 
increased toxicity, whether from increased risk 
of infection or immune-mediated AEs, or from 
long-term effects of PI3K inhibitors that could 
complicate subsequent anticancer therapy (FDA, 
2022). The remaining agent, copanlisib (α- and 
δ-specific), is relatively effective, with an ORR 

of 59% (Dreyling et al., 2017). Mosunetuzumab 
is a first-in-class CD20 × CD3 bispecific antibody 
recently approved for the treatment of patients 
with R/R FL following two or more prior system-
ic therapies (ORR 80%; Budde et al., 2021).

SAFETY PROFILES OF  
TREATMENT OPTIONS
Once disease relapse has been confirmed, the goal 
of therapy is to balance effectiveness with main-
taining a good quality of life. Careful and thorough 
assessment of activities of daily living and previ-
ous treatment toxicities by health-care profes-
sionals is needed to offer each patient an individu-
alized treatment plan.

IMMUNOMODULATORY AGENTS 
Rituximab
With more than 20 years of post-marketing sur-
veillance data, rituximab as monotherapy and in 
combination with chemotherapeutic agents or  
lenalidomide has a well-defined safety profile. 
Rituximab carries black box warnings (BBWs) of 
fatal infusion-related reaction, severe mucocuta-
neous reaction, hepatitis B virus (HBV) reactiva-
tion, and progressive multifocal leukoencephalop-
athy (Table 2; Genentech, 2021). Premedication 
with acetaminophen (Tylenol) and an antihista-
mine is recommended for rituximab because of 
possible infusion-related reaction. Prior to initi-
ating treatment, patients should be screened for 
a HBV infection, and complete blood count, with 
differential and platelet counts, should be obtained 
to monitor for cytopenia (Genentech, 2021). 

The most common AEs of at least grade 
3 associated with rituximab therapy in clini-
cal trials were lymphopenia (40%) and neutro-
penia (6%) (Tables 2 and 3; Genentech, 2021). 
The median duration of these cytopenias was 14 
days for lymphopenia and 13 days for neutrope-
nia. In most patients, infusion-related reactions 
(involving fever, chills/rigors, nausea, pruritus, 
angioedema, hypotension, bronchospasm, urti-
caria, rash, vomiting, myalgia, dizziness, or hy-
pertension) occurred during the first rituximab 
infusion and were resolved by slowing or inter-
rupting the infusion rate and supportive care. 
Infusion-related reactions typically occurred 
within 120 minutes during the first rituximab  
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infusion with an incidence of 77%, and the fre-
quency decreased with subsequent infusions.  
For management of infusion-related reactions, the 
infusion may be temporarily interrupted or ad-
ministered at a slower rate and can be continued at 

one half the previous rate after symptoms improve. 
In addition to infusion-related reaction, infection 
(bacterial, viral, fungal, unspecified) was reported 
in 31% of patients and included cytomegalovirus, 
herpes simplex virus, varicella zoster virus, HBV, 

Table 2. Safety Profile of Therapeutic Options in Follicular Lymphomaa

Agent Most common adverse events Black box warning Contraindication

Immunomodulatory therapy

Rituximab Infusion-related reaction, fever, lymphopenia, 
chills, infection, asthenia

Fatal infusion-related 
reaction, severe 
mucocutaneous reaction, 
HBV reactivation, 
progressive multifocal 
leukoencephalopathy

None

Obinutuzumab Infusion-related reaction, fatigue, neutropenia, 
cough, URTI, musculoskeletal pain

HBV reactivation, 
progressive multifocal 
leukoencephalopathy

Hypersensitivity 
reaction to 
obinutuzumab or any of 
the excipients, including 
serum sickness with 
prior obinutuzumab use

Lenalidomide Cytopenia (neutropenia, thrombocytopenia, 
anemia, leukopenia), diarrhea, constipation, 
nausea, fatigue, pyrexia, cough, URTI, rash

Embryofetal toxicity, 
hematologic toxicity, 
venous/arterial 
thromboembolism

Pregnancy
Demonstrated severe 
hypersensitivity to 
lenalidomide

CAR T-cell therapy

Axicabtagene 
ciloleucel 

Cytopenia (neutropenia, leukopenia, 
thrombocytopenia, anemia), CRS, fever, 
hypotension, encephalopathy, tachycardia, 
fatigue, headache, febrile neutropenia, 
nausea, infection with unspecified pathogens, 
decreased appetite, chills, diarrhea, tremor, 
musculoskeletal pain, cough, hypoxia, 
constipation, vomiting, arrhythmias, dizziness

CRS, neurologic toxicity None

Tisagenlecleucel Cytopenia (neutropenia, leukopenia, 
thrombocytopenia, anemia), CRS, 
infections-pathogens unspecified, fatigue, 
musculoskeletal pain, headache, diarrhea 

CRS, neurologic toxicity None

Bispecific antibody therapy

Mosunetuzumab Cytopenia (lymphopenia, anemia, leukopenia, 
neutropenia, thrombocytopenia), CRS, fatigue, 
rash, pyrexia, headache

CRS None

EZH2 inhibitor

Tazemetostata Fatigue, URTI, musculoskeletal pain, nausea, 
abdominal pain

None None

PI3K inhibitor

Copanlisib Hyperglycemia, diarrhea, decreased general 
strength/energy, hypertension, cytopenia 
(leukopenia, neutropenia, thrombocytopenia), 
nausea, lower respiratory tract infection 

None None

Note. CAR T-cell therapy = chimeric antigen receptor T-cell therapy; CRS = cytokine release syndrome;  
EZH2 = enhancer of zeste homolog 2; HBV = hepatitis B virus; PI3K = phosphoinositide 3 kinase;  
URTI = upper respiratory tract infection.
aIncludes wildtype and mutant-type EZH2. 
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and hepatitis C virus, among others. For serious 
infections, rituximab should be discontinued  
and an appropriate anti-infective therapy admin-
istered (Genentech, 2021).

Obinutuzumab
Despite the clinical success of rituximab in the 
treatment landscape of FL, the majority of pa-
tients will relapse and may develop rituximab- 
refractory disease (Tan et al., 2013). In most clini-
cal trials, rituximab-refractory disease was de-
fined as nonresponse or progression within 6 
months of treatment with a rituximab-containing 
regimen (monotherapy or combination therapy; 
Acrotech Biopharma, 2019; Genentech, 2022a). 
Obinutuzumab can be used as an alternative to 
rituximab in combination with cytotoxic therapy 
for treatment of R/R FL (Marcus et al., 2017). The 
FDA has granted accelerated approval to zanubru-
tinib plus obinutuzumab for the treatment of pa-
tients with relapsed/refractory follicular lympho-
ma following 2 previous lines of treatment (FDA, 
2024a). Obinutuzumab carries a BBW of HBV 
reactivation and progressive multifocal leukoen-
cephalopathy (Genentech, 2022a), which are also 
associated with rituximab (Genentech, 2021). All 
patients must be screened for an active HBV infec-
tion prior to initiating treatment. Premedication 
with acetaminophen, an antihistamine, and a glu-
cocorticoid is recommended to reduce the risk of 
an infusion-related reaction (Genentech, 2022a). 

In clinical trials, the most common AEs of at 
least grade 3 were neutropenia (35%–49%) and 
infusion-related reaction (11%–12%; Genentech, 
2022a). Infusion-related reactions have occurred 
within 24 hours of obinutuzumab infusion and can 
occur with subsequent infusions. Reaction on the 
first day of treatment has been reported in 37% of 
patients with R/R NHL. The most frequently re-
ported infusion-related symptoms are nausea, fa-
tigue, chest discomfort, dyspnea, dizziness, vom-
iting, diarrhea, rash, hypertension, hypotension, 
flushing, headache, pyrexia, and chills. Depending 
on the severity of these infusion-related reactions, 
obinutuzumab may be administered at a reduced 
rate, temporarily interrupted, or discontinued. 
Fatal cardiac events have been observed with 
obinutuzumab. Patients with a preexisting cardiac 
condition should be monitored more frequently 

during and after infusion (Genentech, 2022a). Se-
vere/life-threatening neutropenia, including fe-
brile neutropenia, has been reported with obinu-
tuzumab, so patients should be monitored for any 
manifestations of developing infection. Adminis-
tration of granulocyte colony-stimulating factors 
should be considered for patients with grade 3 or 
4 neutropenia. In some patients, neutropenia can 
present later after therapy completion whereupon 
antimicrobial prophylaxis is highly encouraged. 
Fatal and serious bacterial, fungal, and viral infec-
tions have been reported during and after obinu-
tuzumab treatment, with grade 3 to 5 infections 
occurring in as many as 8% of patients during 
combination therapy, 13% during monotherapy, 
and 8% following treatment. Patients with an ac-
tive infection should not receive obinutuzumab 
therapy (Genentech, 2022a).

Lenalidomide 
The immunomodulatory drug, lenalidomide, in 
combination with rituximab is frequently used as 
a non-chemotherapeutic option in the second-line 
setting and beyond for patients with R/R FL; all 
safety concerns associated with rituximab should 
be considered before choosing this option be-
cause rituximab is part of this regimen. The rec-
ommended starting dose of lenalidomide is 20 mg 
orally once daily on days 1 through 21 of 28-day 
cycles for up to 12 treatment cycles, with dose ad-
justments as needed for hematologic toxicities and 
renal impairment (Celgene, 2021). Lenalidomide 
carries a BBW of embryofetal toxicity, hematolog-
ic toxicity, and venous/arterial thromboembolism. 
Lenalidomide is only available through the Risk 
Evaluation and Mitigation Strategy (REMS) pro-
gram owing to its teratogenic property. Complete 
blood counts, including platelet counts, must be 
monitored because lenalidomide can cause signifi-
cant neutropenia and thrombocytopenia. Throm-
boprophylaxis is also recommended because  of an 
increased incidence of venous thromboembolism 
observed in the AUGMENT trial (4.5% in the R2 

arm vs. 1.1% in the control arm; Celgene, 2021). Se-
vere cutaneous reactions have been reported with 
lenalidomide therapy, including Stevens-Johnson 
syndrome (SJS), toxic epidermal necrolysis (TEN), 
and drug reaction with eosinophilia and systemic 
symptoms (DRESS). Patients with a prior history 
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of grade 4 rash associated with thalidomide treat-
ment should not receive lenalidomide. Treatment 
interruption or discontinuation should be consid-
ered for grade 2 or 3 skin rash, and lenalidomide 
should be permanently discontinued in cases of 
grade 4 rash, exfoliative or bullous rash, SJS, TEN, 
or DRESS (Celgene, 2021). 

Grade 3 to 4 neutropenia and leukopenia 
were reported in 50% and 7% of patients treated 
with R2 in AUGMENT, respectively, and contrib-
uted to the overall increased rates of grade 3 to 4 
AEs. Three percent of patients discontinued le-
nalidomide treatment due to neutropenia and the 
rest were treated with dose interruptions and/or  
reductions and growth-factor support. Growth 
factors were administered in 36% of patients 
treated with R2 and in 12% of patients treated with 
rituximab monotherapy. Use of antiplatelets and/
or anticoagulants during the study treatment pe-
riod occurred in 70% of patients receiving R2 and 
67% of patients receiving rituximab monotherapy 
(Leonard et al., 2019a, 2019b). 

Lenalidomide monotherapy is another treat-
ment option (Witzig et al., 2015). While R2 dem-
onstrated greater efficacy than lenalidomide 
monotherapy in patients with R/R FL, similar 
toxicity profiles were observed (Leonard et al., 
2015). CALGB 50401 compared lenalidomide 
monotherapy with R2 in patients with recurrent 
FL who received at least one prior therapy with 
rituximab either alone or in combination with cy-
totoxic therapy. Grade 3 to 4 AEs were reported 
in 58% and 52% of patients treated with lenalido-
mide monotherapy and R2, respectively; among 
these AEs was neutropenia (16% vs. 20%, respec-
tively). The two treatment groups had a similar 
proportion of patients (≈20%) who discontinued 
therapy due to AEs. At least one dose modification 
occurred in 67% of patients treated with lenalido-
mide monotherapy and 80% of patients treated 
with R2 (Leonard et al., 2015). 

CAR T-CELL THERAPY
Despite the initial clinical remission that patients 
might achieve with immunomodulatory and 
chemoimmunotherapy regimens, many patients 
continue to relapse and may require novel ap-
proaches (Tan et al., 2013). Two CD19-directed 
CAR T-cell therapies, axi-cel and tisa-cel, are 

approved in the United States for patients with 
R/R FL (Kite Pharma, 2022; Novartis Pharma-
ceuticals Corporation, 2022). While the benefit 
of these CAR T-cell therapies has been demon-
strated, understanding the potential for early 
and long-term toxicities is essential for safe use. 
The most common toxicities are cytokine release 
syndrome (CRS), immune cell-associated neuro-
toxicity syndrome (ICANS), and infection (Wud-
hikarn & Perales, 2022; Yáñez et al., 2019). Strate-
gies to mitigate the toxic side effects of CAR T-cell 
therapy include prophylaxis, close observation 
during and after infusion, and prompt treatment 
of severe AEs. Data regarding the long-term risk 
of infection in patients treated with CAR T-cell 
therapy are scarce. However, baseline disease, 
type, and number of prior anticancer therapies; 
the dose of CAR T-cell lymphocytes; and the type 
and intensity of lymphodepleting chemotherapy 
have been identified as potential risk factors for 
the development of infection (Los-Arcos et al., 
2021). Neutropenia has also been associated with 
increased risk of infection, especially in patients 
with prolonged cytopenias. Patients should be 
screened for latent infections prior to initiating 
CAR T-cell therapy. Antiviral and anti-pneumo-
cystis prophylaxis is recommended from lym-
phodepletion until 1 year post-infusion and CD4+ 
T cells > 200/µL (Gea-Banacloche, 2023). B-cell 
aplasia and hypogammaglobulinemia can occur 
in patients receiving CAR T-cell therapy (Kite 
Pharma, 2022; Novartis Pharmaceuticals Corpo-
ration, 2022). Immunoglobulin levels should be 
monitored following treatment and symptoms 
managed using infection precautions, antibiotic 
prophylaxis, and immunoglobulin replacement 
guidelines (Kite Pharma, 2022; Novartis Pharma-
ceuticals Corporation, 2022).

Axicabtagene Ciloleucel
New modalities of targeted immunotherapies 
with CAR T-cell therapy were studied in FL, 
and axi-cel is the first CAR T-cell therapy to be 
approved in patients with R/R FL after at least 
two lines of systemic therapy (Kite Pharma, 
2022). Axi-cel carries a BBW of CRS and neu-
rologic toxicity, including ICANS. Prior to the 
infusion of axi-cel, patients must be pretreated 
with lymphodepleting cytotoxic therapy and 
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premedicated with acetaminophen and diphen-
hydramine (Benadryl). Patients must be moni-
tored for at least 7 days at a certified health-
care facility post-infusion for possible clinical 
manifestations of CRS (e.g., fever, hypotension, 
tachycardia, hypoxia, chills, headache, arrhyth-
mia, fatigue) and ICANS (e.g., encephalopathy, 
headache, tremor, dizziness, delirium, aphasia, 
insomnia). Patients are instructed to remain 
within proximity (i.e., 2 hours of travel) of the 
certified health-care facility for at least 4 weeks 
following infusion and to refrain from driving 
for at least 8 weeks after receiving treatment. 
The package insert outlines management rec-
ommendations for CRS and neurologic toxicity 
for which patients should be monitored with 
continuous cardiac telemetry and pulse oxim-
etry for grade 2 and higher events (Kite Phar-
ma, 2022). Tocilizumab (Actemra) and cortico-
steroids can be used to manage CRS depending 
on the severity of the event. Corticosteroids are 
administered for neurologic toxicity depend-
ing on severity, and seizure prophylaxis is rec-
ommended for neurologic toxicity of any grade, 
according to the package insert. Axi-cel is only 
available through the REMS program because of 
the risks of CRS and neurologic toxicities (Kite 
Pharma, 2022). 

In ZUMA-5, 123 patients with FL previously 
treated with an anti-CD20 monoclonal antibody 
and an alkylating agent were treated with axi-cel 
(Jacobson et al., 2022). The most common grade 3  
and higher treatment-emergent AEs (TEAEs) in 
the safety population were neutropenia (33%), 
decreased neutrophil count (28%), and anemia 
(24%). Grade 3 and higher CRS and neurologic 
events (including ICANS) occurred in 6% and 15% 
of patients with FL, respectively. In the FL safety 
population, the median time of CRS onset was  
4 days (median duration: 6), whereas the median 
time to neurologic toxicity onset was 7 days (me-
dian duration: 14; Jacobson et al., 2022). Grade 3 
or worse infections occurred in 15% of patients 
with FL, including pneumonia (6%), urinary tract 
infection (2%), and staphylococcus, sinusitis, 
and herpes zoster (1% each). Immunoglobulin 
therapy was administered to 27% of patients with 
FL, and one event of grade 3 hypogammaglobu-
linemia was observed (Jacobson et al., 2022). Pa-

tients treated with axi-cel should be monitored 
for signs and symptoms of infection before and 
after infusion and treated with appropriate pro-
phylactic antimicrobials.

Tisagenlecleucel 
Tisa-cel is another CAR T-cell therapy that is also 
approved for treatment of patients with R/R FL 
after at least two lines of systemic therapy (No-
vartis Pharmaceuticals Corporation, 2022). Simi-
lar to axi-cel, tisa-cel carries a BBW for CRS and 
neurologic toxicity. Prior to the infusion of tisa-
cel, patients must be pretreated with lymphode-
pleting cytotoxic therapy and be premedicated 
with acetaminophen and diphenhydramine or 
another H1 antihistamine. Patients must be moni-
tored two to three times during the first week fol-
lowing infusion at a certified health-care facility 
for signs and symptoms of CRS and neurologic 
toxicities. The clinical management of CRS and 
neurologic toxicity for axi-cel can also be ap-
plied to tisa-cel therapy. Tisa-cel is only available 
through the REMS program (Novartis Pharma-
ceuticals Corporation, 2022). 

In ELARA, 97 patients with FL who were 
previously treated with an anti-CD20 monoclo-
nal antibody and an alkylating agent were treated 
with tisa-cel (Fowler et al., 2022). The most com-
mon grade 3 or higher AE in the safety popula-
tion was neutropenia (42%). No grade 3 or higher 
CRS events occurred, whereas 3% of patients re-
ported grade 3 or higher neurologic events. The 
median time to CRS onset and to resolution was 
4 days each. The median time to a serious neu-
rologic event onset and to resolution was 9 days 
and 2 days, respectively (Fowler et al., 2022). In-
fections of grade 3 or higher occurred in 21% of 
patients in ELARA (Novartis Pharmaceuticals 
Corporation, 2022). Patients with an active infec-
tion should not start tisagenlecleucel treatment 
until the infection is resolved. Administration of 
infection prophylaxis is recommended prior to 
infusion, and patients should be monitored for 
signs and symptoms of infection following treat-
ment (Novartis Pharmaceuticals Corporation, 
2022). Prolonged grade ≥ 3 cytopenias observed 
in the ELARA trial included thrombocytopenia 
(17%) and neutropenia (16%). Hypogammaglobu-
linemia occurred in 18% of patients.
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BISPECIFIC ANTIBODY THERAPY
Mosunetuzumab
Mosunetuzumab is a first-in-class T-cell–engag-
ing CD20 × CD3 bispecific monoclonal antibody 
designed as an off-the-shelf immunotherapy for 
patients with R/R FL following two or more prior 
systemic therapies (Genentech, Inc.; Sun et al., 
2015). It is administered as an intravenous infusion 
in 21-day cycles with a step-up dosing regimen:  
1 mg on cycle 1 day 1 (C1D1), 2 mg on C1D8, 60 mg 
on C1D15 and C2D1, and 30 mg on C3D1 and day 
1 of each cycle thereafter (Genentech, 2022b). 
Mosunetuzumab carries a BBW of CRS. Premedi-
cation consisting of dexamethasone, diphen-
hydramine, and acetaminophen is administered 
to all patients prior to infusion during the first 
two cycles and should be continued for patients 
who experience any-grade CRS with the previ-
ous dose. At the first sign of CRS or neurologic 
toxicity (including ICANS), patients should be 
evaluated and supportive therapy provided based 
on severity. Serious/fatal infections have been 
observed with mosunetuzumab. Patients must be 
monitored for infection prior to and during treat-
ment, and caution should be exercised when con-
sidering treatment for patients with a history of 
recurrent or chronic infections or patients with 
significant prior immunosuppressive therapy 
(Genentech, 2022b).

In GO29781, 90 patients with R/R FL and at 
least two prior systemic therapies received mo-
sunetuzumab monotherapy (Budde et al., 2022). 
The most common grade 3 to 4 AEs were neu-
tropenia or decreased neutrophil count (27%), 
hypophosphatemia (17%), hyperglycemia (8%), 
and anemia (8%) (Budde et al., 2022). Grade 3 
and higher CRS and neurologic events occurred 
in 2.5% and 3% of patients, respectively (Genen-
tech, 2022b). Grade 3 or 4 infections occurred in 
14% of patients, most commonly pneumonia, sep-
sis, and upper respiratory tract infection.

EZH2 INHIBITOR
Tazemetostat
EZH2 is an epigenetic regulator of cellular dif-
ferentiation programs and is required for ger-
minal center B cells to proliferate and mutate 
(Béguelin et al., 2013). Somatic gain-of-function 
mutations in EZH2 that confer oncogenic depen-

dency have been described in approximately 25% 
of patients with FL (Baker et al., 2015; Bödör et 
al., 2013). Tazemetostat is a first-in-class, oral, 
selective methyltransferase inhibitor of EZH2 
activity, including both mutant type (MT) and 
wildtype (WT), approved for treatment of R/R 
FL in patients with EZH2 mutation who have re-
ceived at least two prior therapies or those who 
have no satisfactory alternative treatment options 
(Epizyme, 2020). Tazemetostat does not carry a 
BBW. The recommended dose of tazemetostat is 
800 mg orally twice daily, with dose adjustments 
required for coadministration with strong and 
moderate cytochrome P450 3A inhibitors and 
certain hematologic AEs (neutropenia, thrombo-
cytopenia, and anemia; Epizyme, 2020). The risk 
of developing secondary malignancies increases 
following tazemetostat treatment, and long-term 
monitoring for secondary malignancies is recom-
mended (Epizyme, 2020).

In E7438-G000-101, 99 patients (45 with MT 
EZH2, 54 with WT EZH2) with R/R FL who pre-
viously received at least two systemic therapies 
were treated with tazemetostat (Morschhauser et 
al., 2020). The most common grade 3 and higher 
TEAEs were thrombocytopenia and anemia (both 
5%). TEAEs that led to treatment reduction, inter-
ruption, and discontinuation occurred in nine, 27, 
and eight patients, respectively (Morschhauser et 
al., 2020). 

A matching-adjusted indirect comparison 
study demonstrated that tazemetostat is associat-
ed with a lower relative risk of safety outcomes vs. 
copanlisib (Proudman et al., 2021). For any grade 3 
and higher TEAE, tazemetostat had a relative risk 
of 0.37 vs. copanlisib (p < .001), supporting the fa-
vorable safety profile of tazemetostat (Proudman 
et al., 2021). 

When treatment decisions are being made, the 
patient characteristics of age and frailty should 
be considered, in addition to safety concerns. Be-
cause elderly and frail patients have a decreased 
ability to tolerate standard cytotoxic therapy, 
there is a need for safer alternatives. While ritux-
imab monotherapy remains the preferred second-
line therapy option for the elderly or those who 
are infirm, tazemetostat may be an appropriate 
treatment option for this patient population (au-
thor opinion).
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PI3K INHIBITOR 
Copanlisib
Copanlisib is an intravenously administered α 
and δ isoform PI3K inhibitor approved in 2017 for 
treatment of R/R FL in patients who received at 
least two prior systemic therapies (Bayer, 2021). 
Copanlisib does not carry a BBW. Its recom-
mended dose is 60 mg via intravenous administra-
tion, with dose adjustments required for hepatic 
impairment, coadministration with a strong cy-
tochrome P450 3A inhibitor, or for certain AEs 
(Bayer, 2021). Because of its α isoform-specific in-
hibition, copanlisib is associated with unique tox-
icities among PI3K inhibitors, including hypergly-
cemia and hypertension, which may limit its use 
in certain populations, such as patients with insu-
lin resistance or cardiovascular disease (Qualls & 
Salles, 2022).

In CHRONOS-1, 104 patients with FL were 
treated with copanlisib, including 80 patients 
whose disease was rituximab refractory and  
61 patients whose disease was double refractory 
to rituximab and alkylating agents (Dreyling et 
al., 2017). The most common grade 3 or higher 
TEAEs included hyperglycemia (41%), hyper-
tension (24%), and decreased neutrophil count 
(24%). For management of hyperglycemia, if 
pre-dose fasting serum glucose level was at least  
160 mg/dL or random/nonfasting glucose lev-
el was at least 200 mg/dL, copanlisib would be 
temporarily interrupted until fasting glucose or 
random/non-fasting glucose values recovered to 
normal levels; however, if the pre-dose or post-
dose blood glucose value was at least 500 mg/dL, 
then dose reductions were required (Bayer 2021). 
Noninfectious pneumonitis, lung infection, and 
hyperglycemia were AEs that led to dose discon-
tinuation in 25% of patients (Dreyling et al., 2017). 

An expert panel comprising specialists in 
lymphoma, hypertension, and diabetes devel-
oped recommendations for optimal manage-
ment of hyperglycemia and hypertension asso-
ciated with copanlisib treatment (Cheson et al., 
2019). In patients with diabetes or prediabetes, 
blood sugar levels should be closely monitored 
and endocrinologist consultation is suggested 
prior to treatment. Patients with preexisting hy-
pertension should be treated prior to initiating 
copanlisib; however, in those who have copan-

lisib-induced hypertension, short-acting antihy-
pertensives may be preferred given the antici-
pated short duration of increased blood pressure 
(Cheson et al., 2019).  

SPECIAL POPULATIONS
Treatment decisions for patients with R/R FL 
must include a number of considerations, includ-
ing baseline risk factors, prior systemic therapies, 
AE frequency and severity, dosing regimen, route 
of administration, and treatment access. Further-
more, some populations may have specific cir-
cumstances that drive treatment decisions. For 
example, patients treated in a community oncol-
ogy setting may not have reasonable access to a 
certified CAR T-cell therapy hospital or research 
center. Patients with multiple comorbidities or 
those who are frail may benefit from less aggres-
sive therapies that carry a lower risk of serious, 
long-term AEs. Conversely, patients with mul-
tiple prior therapies for refractory disease or 
those with early-relapsing progression of disease 
within 24 months of initial chemoimmunothera-
py (POD24) may require a more aggressive treat-
ment plan despite the potential risks.

POD24 is a robust marker of poor outcomes in 
patients with FL, and optimal second-line treat-
ment strategies are not well defined (Casulo et al., 
2015; Rodgers et al., 2021). For fit patients with-
out histologic transformation, aggressive cellular 
strategies such as autologous stem cell transplant 
or CAR T-cell therapy could be an option (Rodg-
ers et al., 2021). Novel therapies also have shown 
promise in the POD24 population. Immunomodu-
latory R2 treatment demonstrated significantly im-
proved PFS vs. rituximab regardless of POD24 sta-
tus (Leonard et al., 2019a, 2019b). Similar efficacy 
findings have been reported for POD24 vs. non-
POD24 populations in clinical trials of tazemeto-
stat, mosunetuzumab, and copanlisib (Budde et 
al., 2021; Chauhan & Cheson, 2021; Morschhauser 
et al., 2020).

FUTURE PERSPECTIVES
With the success of many of these targeted agents, 
new emerging agents are also being studied. TID-
AL (NCT03768505) is a phase II study of zandel-
isib (ME-401) in patients with R/R FL who have 
failed at least two prior lines of systemic therapy 
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(MEI Pharma, Inc., 2021). Zandelisib, an investi-
gational drug, is an oral PI3K inhibitor that also 
has promising initial results, although data are not 
yet mature (MEI Pharma, Inc., 2021). 

Due to the success of many novel targeted 
therapies and their indications as single-agent 
options for treatment of R/R FL, some agents are 
being studied in combination with other FL thera-
pies. The combination tazemetostat/rituximab 
study, SYMPHONY-1 (NCT04224493), is a phase 
Ib/III study of tazemetostat/R2 compared with 
R2 in patients with R/R FL (Batlevi et al., 2021; 
Patel et al., 2021). A PI3K inhibitor and ritux-
imab combination is being studied in COASTAL 
(NCT04745832), a phase III study of zandelisib/
rituximab vs. standard chemoimmunotherapy in 
patients with R/R indolent NHL (Jurczak et al., 
2021; Matasar et al., 2021). 

Trials of new investigational bispecific anti-
bodies as monotherapy agents are ongoing and 
have promising preliminary data. Epcoritamab and 
odronextamab, CD20 × CD3 bispecific T-cell en-
gagers in development for patients with R/R FL, 
have demonstrated durable clinical responses and 
manageable safety in heavily pretreated patients 
(Bannerji et al., 2022; Hutchings et al., 2020; Thie-
blemont et al., 2022). Epcoritamab was granted ac-
celerated approval for adult patients with R/R FL 
after two or more lines of systemic therapy in June 
2024 (FDA, 2024b). Adverse events associated with 
bispecific antibodies are similar to those observed 
with CAR T-cell therapy, including CRS and neuro-
toxicity (Zhou et al., 2021). However, they generally 
occur at a lower rate and with less severity with bi-
specific antibody treatment. Administered as sub-
cutaneous injections, these therapies may emerge 
as convenient off-the-shelf treatment options. 

CONCLUSIONS
Treatment of R/R FL depends on disease burden, 
goal of therapy, and patient preference. It requires 
shared decision-making between health-care pro-
fessionals and patients. In the R/R setting, tolerabili-
ty and patient needs should be a major consideration 
while preserving quality of life, without compromis-
ing effectiveness, when choosing treatment options. 

Although chemoimmunotherapy remains as 
the standard of care for initial therapy and can be 
used in later lines, approvals of novel non-chemo-

therapeutic agents may shift the FL landscape. R2 
is a well-established regimen for patients with FL 
at first relapse, thereby placing any of the novel 
targeted agents as fair options for patients at sec-
ond relapse and beyond. In the third-line setting, 
tazemetostat demonstrates promising clinical ef-
ficacy and tolerability and, because of its favor-
able safety profile, is being studied with R2 in the 
second-line setting. However, with the develop-
ment of bispecific antibodies and allogeneic CAR 
T-cell therapies, their maturing response data 
and durability of benefit will provide insight into 
how these agents will fit in the current treat-
ment paradigm. Finally, treatment selection in 
the relapsed setting is also dependent on multi-
ple factors that include the patient’s lifestyle and 
treatment goals, comorbidities, prior AEs, and 
potential long-term side effects associated with 
each therapeutic agent. l
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