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Abstract 
In March 2021, the U.S. Food and Drug Administration granted accelerated approval to axicabtagene ciloleucel, a CD19-directed chimeric 
antigen receptor T-cell therapy, for the treatment of adult patients with relapsed or refractory follicular lymphoma (r/r FL) after at least 2 lines of 
systemic therapy. Approval was based on ZUMA-5, a single-arm, open-label, multicenter trial that evaluated a single infusion of axicabtagene 
ciloleucel, preceded by lymphodepleting chemotherapy with cyclophosphamide and fludarabine, in this population. Efficacy was based on ob-
jective response rate (ORR) and duration of response (DOR) as determined by an independent review committee. Among 81 patients in the 
primary efficacy analysis, having a median of 3 (range 2-9) prior lines of systemic therapy, the ORR was 91% (95% confidence interval [CI]: 
83-96) with a complete remission (CR) rate of 60% and a median time-to-response of 1 month. The median DOR was not reached, and the 
1-year rate of continued remission was 76% (95% CI: 64-85). For all leukapheresed patients with FL in this trial (n = 123), the ORR was 89% 
(95% CI: 83-94) with a CR rate of 62%. Among 146 patients with indolent lymphoma evaluated for safety, cytokine release syndrome occurred 
in 84% (Grade ≥3, 8%) and neurological toxicities occurred in 77% (Grade ≥3, 21%), leading to implementation of a risk evaluation and miti-
gation strategy. Serious adverse reactions occurred in 48%. Post-marketing studies will further evaluate clinical benefit in patients with r/r FL 
and long-term safety.
Key words: follicular lymphoma; indolent non-Hodgkin lymphoma; axicabtagene ciloleucel.

Implications For Practice
Axicabtagene ciloleucel is a new option for selected patients with relapsed or refractory follicular lymphoma in the third-line setting or 
beyond and is the first chimeric antigen receptor T-cell product approved for the treatment of an indolent lymphoma. The risk of serious and 
life-threatening adverse reactions necessitates careful patient selection, close monitoring, and a risk evaluation and mitigation strategy 
to help assure safe use.

Introduction
The management of relapsed or refractory follicular 
lymphoma (r/r FL) is highly individualized, and approaches 
vary widely depending upon patient fitness and comorbidities, 
types of prior therapies and disease responses, physician 
discretion, and patient preference.1 Whereas traditional 
cytotoxic chemotherapy and CD20-directed monoclonal 
antibodies were once the mainstay of FL management, the 
treatment landscape has expanded rapidly. Since 2017, the 
U.S. Food and Drug Administration (FDA) has approved 8 
regimens for r/r FL over a 4 year period, with varied mech-
anisms of action; these regimens include rituximab with 
hyaluronidase, lenalidomide in combination with rituximab 
(R2),2-4 bendamustine alone5 or in combination with 
obinutuzumab,6 the phosphatidylinositol 3-kinase [PI3K] 
inhibitor (copanlisib), the PI3K delta and casein kinase 1 

epsilon [CK1e] inhibitor umbralisib, the small-molecule en-
hancer of zeste homolog 2 (EZH2) inhibitor tazemetostat, 
and axicabtagene ciloleucel. Unmet need remains for develop-
ment of improved therapies for patients with FL, particularly 
for patients with multiply r/r disease or poor-risk features 
such as disease progression within 24 months of diagnosis or 
initiation of first-line chemoimmunotherapy.7,8

Axicabtagene ciloleucel is an autologous, CD19-directed 
chimeric antigen receptor (CAR) T-cell therapy created by 
collecting a patient’s T cells, transducing them with a retro-
viral vector encoding the CAR, and infusing the modified cells 
back into the patient9 (Table 1). It consists of a single-chain 
variable fragment extracellular domain targeting CD19 pro-
teins, with CD3ζ and CD28 intracellular domains that pro-
mote T-cell activation.9 Following anti-CD19 CAR T-cell 
engagement with CD19-expressing target cells, the CD28 
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and CD3-zeta co-stimulatory domains activate downstream 
signaling cascades that lead to T-cell activation, proliferation, 
acquisition of effector functions, and secretion of inflamma-
tory cytokines and chemokines. This sequence of events leads 
to apoptosis and necrosis of CD19-expressing target cells.

Axicabtagene ciloleucel was originally approved in 2017 
for adult patients with r/r large B-cell lymphoma after 2 or 
more lines of systemic therapy10 (Table 1). CD19-directed 
CAR T-cell therapies also have been approved for other ag-
gressive malignancies (acute lymphoblastic leukemia and, 
most recently, mantle cell lymphoma), but until recently were 
not available for the treatment of indolent lymphoma. In 
March 2021, after a priority review, FDA granted accelerated 
approval to axicabtagene ciloleucel for the treatment of adult 
patients with r/r FL after 2 or more lines of systemic therapy. 
Herein, we summarize the FDA clinical review and regulatory 
considerations regarding this licensing application.

Trial Design
ZUMA-5 (NCT03105336) is a single-arm, multicenter, 
open-label phase II study that evaluated a single infusion 
of axicabtagene ciloleucel in adults with r/r indolent non-
Hodgkin lymphomas (NHLs). Eligible patients had r/r FL 
grade 1-2 or 3a or marginal zone lymphoma (MZL) after 
receipt of 2 or more lines of systemic therapy, including an 
anti-CD20 monoclonal antibody combined with an alkylating 
agent. The study excluded patients with splenic MZL, trans-
formed lymphoma, prior allogeneic hematopoietic stem cell 
transplantation, prior CD19-directed therapy, or any his-
tory of central nervous system (CNS) lymphoma or CNS 
disorders. Requirements included an Eastern Cooperative 
Oncology Group performance status of 0 or 1, absolute neu-
trophil count ≥1000/µL, absolute lymphocyte count ≥100/µL, 
creatinine clearance ≥60  mL/minute, hepatic transaminases 
≤2.5 times the upper limit of normal, cardiac ejection fraction 
≥50%, and absence of active infection.

Axicabtagene ciloleucel was administered at a one-time 
target dose of 2  ×  106 CAR-positive viable T cells per kg 
body weight, with a maximum allowable dose of 2  ×  108 
CAR T cells. To facilitate CAR T-cell engraftment and ex-
pansion, lymphodepleting chemotherapy was administered 
prior to CAR T-cell infusion (cyclophosphamide 500 mg/m2  

intravenously and fludarabine 30 mg/m2 intravenously, both 
given on the fifth, fourth, and third day before scheduled 
infusion). Day 0 denotes the day of CAR T-cell infusion. 
The trial permitted bridging therapy between leukapheresis 
and lymphodepleting chemotherapy at the discretion of the 
treating physician. All patients were hospitalized for the CAR 
T-cell infusion and for a minimum of 7 days afterward.

The primary endpoint was objective response rate (ORR) as 
determined by an independent review committee (IRC) using 
Lugano criteria.11 The primary efficacy analysis presented is 
based on the FDA’s adjudication of the IRC assessments.

Results
Study Populations
In the ZUMA-5 study, 146 patients with FL or MZL received 
axicabtagene ciloleucel and comprise the overall safety popu-
lation. The median time from leukapheresis to site receipt 
of the product was 17 (range: 13-72) days. In total, 75% of 
products were delivered by 20 days and 92% were delivered 
by 30 days. There were no failures of product manufacturing.

In total, 123 patients who underwent leukapheresis in-
formed the FL efficacy analysis, of whom 120 received 
axicabtagene ciloleucel; of these, 81 consecutively enrolled 
patients had at least 9 months of potential follow-up from 
the date of first response and comprised the primary ef-
ficacy population. In patients with FL, the median dose of 
axicabtagene ciloleucel was 2.0 × 106 CAR positive T cells/kg 
(range: 1.3-2.1 × 106 CAR positive T cells/kg).

Efficacy
Characteristics of the efficacy populations are described in 
Table 2. In the primary efficacy population (n = 81), the me-
dian age was 62 years. The median number of prior systemic 
therapies was 3 (range: 2-9), with 32% of patients having 
2 prior lines, 22% having 3 prior lines, and 46% having 
≥ 4 prior lines of systemic therapy. Thirty-one percent had 
received a PI3K inhibitor, 72% had progression within 6 
months of their most recent regimen, and 56% had pro-
gression within 24 months of initiating their first anti-CD20 
combination therapy (POD24). Between leukapheresis and 
administration of axicabtagene ciloleucel, one patient (1%) 

Table 1. Axicabtagene ciloleucel background information.

Pharmacological class CD19-directed, genetically-modified autologous T-cell immunotherapy 

Mechanism of action Following anti-CD19 CAR T-cell engagement with CD19-expressing target cells, the CD28 and CD3-zeta co-
stimulatory domains activate downstream signaling cascades that lead to T-cell activation, proliferation, acquisition 
of effector functions and secretion of inflammatory cytokines and chemokines. This sequence of events leads to 
apoptosis and necrosis of CD19-expressing target cells.

Pharmacokinetics in FL Following infusion, axicabtagene ciloleucel exhibited an initial rapid expansion phase, achieving maximal expansion 
8 days following infusion and persisting in the peripheral blood for a median of 6 months. Cytokine and chemokine 
levels peaked within the first 14 days and generally returned to baseline within 28 days.

Approval in FLa For the treatment of adult patients with relapsed or refractory FL after 2 or more lines of systemic therapy (2021)

Other approvals For the treatment of adult patients with relapsed or refractory largeB-cell lymphoma after 2 or more lines of sys-
temic therapy, including diffuse large B-cell lymphoma (DLBCL) not otherwise specified, primary mediastinal large 
B-cell lymphoma, high grade B-cell lymphoma, and DLBCL arising from FL (2017).
Limitations of use: not indicated for the treatment of patients with primary central nervous system lymphoma.

aUnder accelerated approval.
Abbreviation: FL, follicular lymphoma.
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in the primary efficacy analysis received bridging therapy 
(dexamethasone).

Key efficacy results are shown in Table 3. In the primary 
efficacy population, the ORR was 91% (95% confidence 
interval [CI]: 83-96), with a complete remission (CR) rate of 
60%. The median time to response was 1.0 month (range: 
0.8-3.1 months). After an estimated median follow-up of 14.5 
months, the median duration of response (DOR) was not es-
timable. The estimated 1-year rate of continued remission 
was 76% (95% CI: 64-85) among all patients who achieved 
an objective response, and 83% (95% CI: 72-94) among pa-
tients who achieved CR (Table 3, Fig. 1).

In the overall FL efficacy population (n = 123), the ORR 
was 89%, with a CR rate of 62% (Table 3). On exploratory 
subgroup analysis, the ORR was consistent across multiple 
disease-related subgroups, including presence of POD24 
(ORR 87%; 95% CI: 76-94), receipt of 3 or more prior lines 
of systemic therapy (ORR 89%; 95% CI: 80-95), and receipt 
of prior R2 (ORR 88%; 95% CI: 70-98). These assessments 
were limited by sample size (Table 2).

Of 20 patients with MZL who informed efficacy, the IRC-
assessed ORR was 85% (95% CI: 62-97).

Safety
An overview of safety is next provided, with a focus on ad-
verse reactions (ARs) of special interest.

Safety Overview
Table 4 summarizes the most common ARs in the ZUMA-5 
safety population (n = 146). ARs affecting ≥ 30% of patients, 
excluding laboratory terms, included fever, cytokine release 
syndrome (CRS), hypotension, encephalopathy, fatigue, head-
ache, tachycardia, infections with pathogen unspecified, febrile 
neutropenia, musculoskeletal pain, nausea, and tremor (Table 4).

Grade ≥ 3 ARs occurred in 86% of patients, with Grade ≥ 
3 ARs of special interest including febrile neutropenia (41%), 
prolonged cytopenias (32%), neurological toxicities (21%), 
infections (16%), and CRS (8%). Serious ARs occurred in 
48% of patients; serious ARs in ≥10% of patients were en-
cephalopathy (17%), fever (14%), CRS (14%), and pneu-
monia (7%). Two (1.4%) patients had fatal ARs (CRS with 
multiorgan failure; coccidiomycosis). Blindness, likely attribut-
able to fludarabine, occurred in one patient. Grade 3 and 4 

Table 2. Characteristics of the FL efficacy populations.

Parameter Result

Primary efficacy 
population  
(N = 81) 

All 
leukapheresed 
(N = 123)a,b 

Age, years

  Median (range) 62 (34-79) 60 (34-79)

  ≥ 65, n 29 (36%) 39 (32%)

Diagnosis, n

  FL grade 1-2 59 (73%) 93 (76%)

  FL grade 3a 22 (27%) 30 (24%)

Stage III-IV disease, n 71 (88%) 105 (85%)

Prior lines of systemic therapy, n

  Median (range) 3 (2-9) 3 (1-10)

  2 26 (32%) 43 (35%)

  3 18 (22%) 31 (25%)

  4 19 (23%) 25 (20%)

  5 or more 18 (22%) 20 (16%)

Outcome of last therapy

  Type of response

   At least PR 36 (44%) 58 (47%)

   No response 33 (41%) 46 (38%)

   Not evaluable or unknown 12 (15%) 18 (15%)

  Progression within 6 months 58 (72%) 83 (67%)

POD 24 45 (56%) 67 (54%)

Prior regimens

  Lenalidomide + rituximab 19 (23%) 26 (21%)

  PI3K inhibitor 25 (31%) 33 (27%)

aExcludes 4 patients diagnosed with FL but found to have aggressive 
lymphoma after enrollment.
bIncludes 3 patients who did not receive axicabtagene ciloleucel.
Abbreviations: FL, follicular lymphoma; PI3K, phosphoinositide 
3-kinase; POD24, progression of disease within 24 months of first 
chemoimmunotherapy.

Table 3. IRC-assessed efficacy results in relapsed or refractory FL.

Outcome Result

Primary efficacy 
population  
(N = 81) 

All leukapheresed 
(N = 123)d 

Best overall response, n (%)

  Objective response 74 (91%) 110 (89%)

   (95% CI for ORR) (83-96) (83-94)

  CRa 49 (60%) 76 (62%)

   (95% CI for CR rate) (49-71) (53-70)

  PR 25 (31%) 34 (28%)

   (95% CI for PR rate) (21-42) (20-36)

  Stable or progressive disease 4 (5%) 7 (6%)

  Not evaluableb 3 (4%) 6 (5%)

DORc

Estimated median DOR  
(95% CI), months

NE (20.8-NE) —

Rate of DOR [95% CI], %

  At 6 months 88 (77-93) —

  At 12 months 76 (64-85) —

  At 18 months 74 (62-83) —

Rate of DOR if CR achieved  
(95% CI), %

  At 6 months 98 (94-100) —

  At 12 months 86 (76-97) —

  At 18 months 83 (72-96) —

aCR required documentation of a negative bone marrow biopsy after 
treatment, in patients who did not have a negative bone marrow biopsy 
between their most recent disease progression prior to ZUMA-5 and 
initiation of lymphodepleting chemotherapy.
bIncludes indeterminate cases.
cKaplan-Meier estimates, after 14.5 month median follow-up (by 
reverse Kaplan-Meier method) for all responders in the primary efficacy 
population. DOR is measured from the date of first objective response to 
the date of progression or death from any cause.
dIncludes 3 patients who did not receive axicabtagene ciloleucel.
Abbreviations: CR, complete remission; DOR, duration of response; 
FL, follicular lymphoma; IRC, independent review committee; NE, not 
estimable; ORR, objective response rate; PR, partial remission.
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laboratory abnormalities in ≥10% of patients included neutro-
penia, leukopenia, thrombocytopenia, and anemia (Table 4).

ARs of Special Interest
CRS and neurological toxicity are leading safety concerns 
of axicabtagene ciloleucel. In the ZUMA-5 study, CRS of 
any grade, based on modified Lee criteria,12 occurred in 
123 (84%) patients, including an 8% incidence of Grade 
≥ 3 CRS. Manifestations of CRS in ≥ 20% of patients in-
cluded fever, hypotension, tachycardia, chills, and hypoxia. 
The median time to CRS onset was 4 days (range: 1-20), 
with a median time to onset of maximum grade CRS of 5 

days (range: 1-20). The median duration of CRS was 6 days 
(range: 1-27).

Neurological toxicity, as defined by FDA, was reported in 
77% of patients, with a 21% incidence of Grade ≥ 3 neuro-
logical toxicity. In total, 9% of the safety population devel-
oped neurological toxicity without developing CRS. The most 
common neurological toxicities included encephalopathy, 
headache, tremor, dizziness, delirium, insomnia, affective dis-
order, and ataxia. The median time to onset of any neuro-
logical toxicity was 6 days (range: 1-79), with 74% of cases 
identified within the first 7 days of product infusion and vir-
tually all (99%) occurring within the first 8 weeks of infusion. 
Neurological toxicities resolved in 96% of affected patients, 
with a median time to resolution of 16 days (Q1, Q3: 7, 50). 
Of the 124 patients with FL, neurological toxicities developed 
in 76% (Grade ≥ 3, 18%), and CRS developed in 81% (Grade 
≥ 3, 6%).

Among all 146 patients in the ZUMA-5 safety population, 
75 (51%) received tocilizumab, 23 of whom received more 
than one dose (range: 2-4 doses). Systemic steroids were used 
to manage neurological toxicities in 54 (37%) patients and to 
manage CRS in 29 (20%) patients.

In registrational studies of axicabtagene ciloleucel, among 
all patients with aggressive or indolent NHL (n = 254), CRS 
occurred in 88% (Grade ≥ 3, 10%) and neurological toxicities 
occurred in 81% (Grade ≥ 3, 26%).13 The most common non-
laboratory ARs (incidence ≥20%) in patients with NHL in-
cluded CRS, fever, hypotension, encephalopathy, tachycardia, 
fatigue, headache, febrile neutropenia, nausea, infections with 
pathogen unspecified, decreased appetite, chills, diarrhea, 
tremor, musculoskeletal pain, cough, hypoxia, constipation, 
vomiting, arrhythmias, and dizziness.13

The U.S. prescribing information (USPI) for axicabtagene 
ciloleucel contains boxed warnings for CRS and neuro-
logical toxicities, which in both cases have included 
fatal and life-threatening reactions. Other Warnings and 
Precautions in the prescribing information include hypersen-
sitivity reactions, serious infections, prolonged cytopenias, 
hypogammaglobulinemia, secondary malignancies, and, due 
to the potential for neurological events, restrictions on driving 
and other activities.

Clinical Pharmacology
In patients with r/r FL, axicabtagene ciloleucel exhibited 
an initial rapid expansion phase achieving maximal expan-
sion (Cmax) around 8 days post-infusion, followed by a 
bi-phasic decline. CAR T cells were detected in peripheral 
blood for a median of 26 weeks (range: 1 week to 2.2 years), 
demonstrating the potential for long-term persistence. There 
was no apparent association identified between axicabtagene 
ciloleucel expansion and age or sex. Higher percentages of 
both total CCR7+ T cells and CCR7+ CD45RA+ naïve T cells 
in the infused product were associated with greater expansion 
of the CAR T cells.

Higher axicabtagene ciloleucel exposures were observed in 
patients with FL who developed severe CRS (Grade ≥ 3) or 
severe neurological toxicity. Patients with Grade ≥ 3 CRS (n 
= 8) had a 7.7 fold higher median Cmax and median AUC0-28d 
of CAR T cells compared to patients with Grade 2, Grade 1, 
or no CRS (n = 126). Patients with Grade ≥ 3 neurological 
toxicity (n = 22) had a 2.4 fold higher median Cmax and 
1.7 fold higher median AUC0-28d of CAR T cells compared to 
patients with Grade 2, Grade 1, or no neurological toxicity 

Figure 1. Kaplan-Meier estimates (95% CI) of duration of response in 
the primary efficacy population. (A) Patients with FL who achieved an 
objective response. (B) Patients with FL who achieved a best overall 
response of CR. CI, confidence interval; CR, complete remission; FL, 
follicular lymphoma.
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(n = 102). The CAR T cells continued to expand following 
administration of tocilizumab, corticosteroids, or both after 
infusion. Data on the rate of expansion in relation to receipt 
of tocilizumab were not available.

Due to the on-target effect of axicabtagene ciloleucel, 
a period of B-cell aplasia is expected. At 12 months post 
axicabtagene ciloleucel infusion, the B-cell levels recovered in 
53% of evaluable patients (26 of 49), as assessed by periph-
eral blood flow cytometry.

Regulatory Considerations
Based on the ORR and DOR observed in ZUMA-5’s pri-
mary efficacy analysis population, in conjunction with an 

acceptable safety profile, axicabtagene ciloleucel was granted 
accelerated approval for the treatment of adult patients with 
r/r FL after 2 or more lines of systemic therapy. FDA’s benefit-
risk analysis is summarized in Table 5. This application was 
granted priority review, breakthrough therapy designation, 
and orphan drug designation. There were multiple regula-
tory considerations throughout the review process, including 
those summarized below.

Adjudication of Efficacy
During review of the application, FDA reclassified 16% 
(13/81) patients in the primary efficacy analysis as having a 
best overall response (BOR) of partial remission (PR), rather 
than complete remission (CR), due to missing bone marrow 

Table 4. Selected adverse reactions in patients with indolent NHL.

Adverse reactions by categorya Result (N = 146)b

Any grade, % Grade 3 or higher, % 

Adverse reactions (≥20% any grade  
or ≥5% Grade ≥3), excluding laboratory termsc

 General Fever 85 8

Fatigue 49 0.7

Chills 29 0

 Immune system CRS 84 8

 Cardiac or vascular Hypotension 51 4.1

Tachycardia 44 1.4

Arrhythmia 21 2.1

Hypertension 13 6

  Nervous system or psychiatric Encephalopathy 50 16

Headache 45 1.4

Tremor 31 0.7

Dizziness 20 0

Delirium 16 5

 Infections Infections, pathogen unspecified 42 14

Pneumonia 13 8

  Blood and lymphatic system Febrile neutropenia 41 19

 Gastrointestinal Nausea 40 0

Diarrhea 29 0.7

Constipation 28 0

Vomiting 24 0.7

 Musculoskeletal Musculoskeletal pain 40 1.4

 Metabolism and nutrition Decreased appetite 26 1.4

 Respiratory Cough 25 0

Hypoxia 23 8

New or worsening laboratory abnormalities  
(≥20% Grade 3 or 4)c

 Hematologic Neutrophil count decrease 98 92

Platelet count decrease 79 35

Hemoglobin decrease 81 30

Lymphocyte count decrease 23 23

 Chemistry Phosphate decrease 79 25

aIncludes grouped preferred terms. Refer to prescribing information for definitions. Toxicities were graded using NCI CTCAE version 4.03.
bIncludes 4 patients with FL diagnosis at enrollment, who were identified as having transformed lymphoma or DLBCL on central pathology review. These 
patients were excluded from the efficacy analysis.
cBaseline for adverse reactions and laboratory values was assessed immediately prior to axicabtagene ciloleucel infusion.
Abbreviations: DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; NCI, National Cancer Institute Common Terminology Criteria for Adverse 
Events; NHL, non-Hodgkin lymphoma.
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assessments. These patients achieved radiographic CR, but 
did not have a documented negative bone marrow biopsy 
within 4 weeks of screening or the confirmatory negative 
bone marrow biopsy required per study protocol to meet 
CR criteria. Moreover, protocol requirements for the timing 
of baseline bone marrow examination changed during the 
course of the study. However, to meaningfully analyze study 
data, the same analysis rules should be consistently applied. 
According to the Lugano criteria11 upon which the study’s pri-
mary endpoint was based, the data in lymphoma histologies 
other than Hodgkin lymphoma or diffuse large B-cell 
lymphoma are insufficient to change the standard practice of 
evaluating bone marrow involvement through bone marrow 
biopsy. Accordingly, FDA’s approach for the primary efficacy 
analysis was to require a bone marrow biopsy/aspirate nega-
tive for lymphoma to confirm CR, except for patients having 
a negative bone marrow examination performed between 
diagnosis of their most recent pre-trial disease progression 
and initiation of ZUMA-5 study treatment.

Although ORR, and thus the study’s primary endpoint, 
was not impacted by these missing data, the extent of missing 
bone marrow exams reduced the CR rate and limited estima-
tion of the magnitude of efficacy in patients with r/r FL. Given 
the uncertainty surrounding the depth of response, the USPI 
describes DOR for all responding patients in the FL primary 
efficacy population, without sub-analyses of DOR according 
to BOR. This contrasts with the labeling for axicabtagene 
ciloleucel for patients with r/r large B-cell lymphoma.13 
Importantly, in patients with r/r large B-cell lymphoma, 
durable remissions to axicabtagene ciloleucel are largely re-
stricted to patients who achieve CR.10,13 Because of the ex-
tent of incomplete response data in ZUMA-5, assessment of 
the durability of response is limited in patients with FL who 
achieve PR only, as some such patients may have had CR.

Considerations for Accelerated Approval
Criteria for accelerated approval stipulate that the data must 
demonstrate a meaningful advantage in the context of avail-
able therapies.14 Because available therapy (defined as therapy 
with regular approval for the proposed indication) is deter-
mined at the time of regulatory action on the licensing or 
marketing application, seeking accelerated approval can be 
especially challenging in a disease area such as indolent NHL 
with multiple ongoing development programs. In contrast to 
the FL data, there were insufficient data to support an indi-
cation for axicabtagene ciloleucel in patients with r/r MZL, 
in part due to the small sample size and immature follow-up.

For the FL indication, the basis of the efficacy determin-
ation was ORR supported by durability of response. There is 
not enough information to assess the longer-term durability 
of the treatment effect with axicabtagene ciloleucel in patients 
with r/r FL, in comparison to that observed with currently 
available therapies. Because the ZUMA-5 eligibility criteria 
require prior treatment with an alkylating agent, the most 
relevant available therapy for consideration was R2, which 
has regular approval for the treatment of FL and MZL in 
the second-line setting and beyond. In the primary efficacy 
population, of the 19 (23%) patients with FL treated pre-
viously with R2, the ORR with axicabtagene ciloleucel was 
89% (95% CI: 67-99), with 10/17 responses lasting ≥ 12 
months. Although more data would be helpful, the ZUMA-5 
study provided evidence that axicabtagene ciloleucel can have 
meaningful clinical activity in patients with FL that have re-
lapsed after or is refractory to R2.

ORR and DOR are intermediate endpoints that are reason-
ably likely to predict clinical benefit.14 Continued approval of 
the FL indication may be contingent upon verification of clin-
ical benefit in a confirmatory trial(s), which is being pursued 
as a post-marketing requirement (PMR).

Table 5. FDA benefit-risk analysis axicabtagene ciloleucel for r/r FL.

Parameter Summary 

Unmet medical need Patients with relapsed or refractory FL after 2 or more regimens have unmet medical 
needs.

Clinical Benefit Of 81 patients in the primary efficacy population, ORR was 91% (95% CI: 83-96) and CR rate 60%, with a 1-year 
rate of continued remission of 76% (95% CI: 64-85).

Risks •  The USPI for axicabtagene ciloleucel has Warnings and Precautions for CRS, neurological toxicity, serious infec-
tions, prolonged cytopenias, hypogammaglobulinemia, and secondary malignancies.

•  Of 146 patients with iNHL treated with axicabtagene ciloleucel: 
  -  ARs in ≥ 30%, excluding laboratory terms, included fever, CRS, hypotension, encephalopathy, fatigue, head-

ache, tachycardia, infections with pathogen unspecified, febrile neutropenia, musculoskeletal pain, nausea, and 
tremor.

  -  Grade ≥ 3 ARs occurred in 86%; the most common Grade ≥ 3 ARs of interest included febrile neutro-
penia(41%), prolonged cytopenias (32%), neurological toxicities (21%), infections (16%), and CRS (8%).

 -   Any grade of CRS occurred in 84% patients, neurological toxicity in 77%, serious ARs in 48%, and fatal ARs 
in 1.4%.

Uncertainties •  Verification of clinical benefit in a confirmatory trial(s) in FL is pending.
•  Long-term safety after treatment with axicabtagene ciloleucel, particularly for secondary malignancies, is un-

defined.

Conclusions •  The ZUMA-5 study provides substantial evidence of effectiveness in patients with r/r FL after 2 or more regi-
mens, with an acceptable safety profile.

•  CRS and neurological toxicity can be life-threatening or fatal, supporting boxed warnings in labeling and a 
REMS.

Abbreviations: CI, confidence interval; FL, follicular lymphoma; REMS, risk evaluation and mitigation strategy.
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Adjudication of ARs of Special Interest
FDA identified higher rates and severity of CRS and neuro-
logical toxicity than identified by the applicant. CRS was re-
ported and graded as a syndrome using a modification of the 
grading system proposed by Lee and colleagues.12 It should 
be noted that in the original Lee grading scale, neurological 
ARs were included as symptoms of CRS. In the applicant’s 
modification of the Lee grading scale, neurological ARs 
were reported separately using the National Cancer Institute 
Common Terminology Criteria for Adverse Events criteria 
v4.03. Although the applicant’s CRS grading was largely con-
cordant with the FDA’s findings, FDA adjudicated 4 (2.7%) 
other patients as having CRS and 2 (1.4%) other patients 
as having Grade ≥ 3 CRS. FDA’s review strategy included 
identifying fever, hypotension, or hypoxia between Day 0 and 
Day 30 in the patients who were not recognized by the appli-
cant as having CRS. FDA also identified patients who received 
tocilizumab, vasopressors, intravenous fluids, or oxygen and 
who were not in the applicant’s CRS database. Cytokine and 
laboratory data (ferritin, C-reactive protein, IL-6 levels) were 
used for supportive evidence. Patients identified as having iso-
lated symptoms such as hypotension without other symptoms 
suggestive of CRS were not included.

Based on FDA’s review, any grade neurological toxicity in-
creased from 60%, as reported by the applicant, to 77%, and 
Grade ≥ 3 cases increased from 19% to 21%. The Applicant 
defined neurological toxicities as per Topp et al.15 In contrast, 
neurological toxicities were more broadly defined by FDA as 
all events classified as nervous system disorders or psychi-
atric disorders, excluding sleep disorders and disturbances 
and peripheral neuropathies. However, ARs such as insomnia 
when occurring in setting of other neurological events were 
included in FDA’s definition. Furthermore, other ARs under 
other body systems (system organ classes) that were not clas-
sified as neurological toxicity, but that overlapped with other 
neurological events, were also included in the FDA’s defin-
ition of neurological toxicity. Isolated events (not overlapping 
with other neurological or psychiatric symptoms) or ARs that 
started relatively late post axicabtagene ciloleucel infusion 
and were unlikely to represent neurological toxicity were not 
included in this definition.

Risk Mitigation and Post-marketing Studies
During the ZUMA-5 study, life-threatening and fatal ARs 
caused by axicabtagene ciloleucel were mitigated by man-
dated site and investigator training, careful site selection and 
monitoring, instructions for early detection and manage-
ment of the most serious complications, and a requirement 
for in-patient administration and in-patient monitoring for 
7 days following the infusion. The life-threatening and fatal 
ARs warranted warnings in the labeling, including a boxed 
warning for CRS and neurological toxicity, and a risk evalu-
ation and mitigation strategy with elements to assure safe use.

The genetic modification of axicabtagene ciloleucel trig-
gers an additional safety concern. Generation of replication-
competent retrovirus during the manufacturing process 
for axicabtagene ciloleucel is a theoretical safety concern. 
Additionally, insertional mutagenesis due to vector integra-
tion is a potential risk for inducing secondary malignancies. 
Integration of the vector into the patient’s cells might inad-
vertently activate a cellular protooncogene or disrupt a tumor 
suppressor gene, leading to malignant transformation events.

Long-term safety following axicabtagene ciloleucel treat-
ment remains important due to the limited duration of 
follow-up duration, and the potential risk of insertional 
mutagenesis from the retrovirus. Therefore, the PMR study 
that was issued with the original approval was amended to 
include a separate protocol for patients with FL. This PMR 
requires 15 years of follow-up for all patients treated with 
axicabtagene ciloleucel to assess its long-term toxicities.

Conclusion
The results of the ZUMA-5 study support the determin-
ation that a single dose of axicabtagene ciloleucel has clin-
ically meaningful efficacy and is reasonably likely to confer 
clinical benefit in patients with r/r FL after 2 or more lines 
of systemic therapy. Careful patient selection and close moni-
toring for toxicities are, however, of utmost importance. Post-
marketing study data are needed to confirm the clinical benefit 
of axicabtagene ciloleucel in patients with r/r FL. As a PMR, a 
randomized phase III trial will evaluate axicabtagene ciloleucel 
as compared to standard of care therapy in patients with r/r 
FL, with a primary endpoint of progression-free survival.
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