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Abstract 24 

Tisagenlecleucel is an autologous anti-CD19 CAR-T cell therapy with clinically meaningful 25 

outcomes demonstrated in patients with relapsed/refractory (r/r) B-cell lymphomas. In a prior 26 

pilot study of tisagenlecleucel in r/r follicular lymphoma (FL), 71% of patients achieved a 27 

complete response (CR). Here we report the primary, prespecified interim analysis of the 28 

ELARA phase 2 multinational trial of tisagenlecleucel in adults with r/r FL after ≥2 treatment 29 

lines or who relapsed after autologous stem cell transplant (NCT03568461). The primary 30 

endpoint was CR rate (CRR). Secondary endpoints included overall response rate (ORR), DOR, 31 

progression-free survival, overall survival, pharmacokinetics, and safety. As of March 29, 2021, 32 

97/98 enrolled patients received tisagenlecleucel (median follow-up, 16.59 months; IQR, 13.8–33 

20.21). The primary endpoint was met. In the efficacy set (n=94), CRR was 69.1% (95% CI 34 

58.8–78.3) and ORR 86.2% (95% CI 77.5–92.4). Within 8 weeks of infusion, rates of CRS were 35 

48.5% (grade ≥3, 0%),  neurological events were 37.1% (grade ≥3, 3%), and immune effector 36 

cell-associated neurotoxicity syndrome were 4.1% (grade ≥3, 1%) in the safety set (n=97) with 37 

no treatment-related deaths. Tisagenlecleucel is safe and effective in extensively pretreated r/r 38 

FL, including high-risk patients. 39 

  40 
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Introduction 41 

Follicular lymphoma (FL) is a common non-Hodgkin lymphoma (NHL) that is generally 42 

considered indolent, but the disease remains incurable and the majority of patients eventually 43 

relapse.1 Although the median overall survival (OS) has improved with chemo-immunotherapy,2 44 

approximately 20% of patients with FL experience progression of disease (POD) within 2 years 45 

(POD24) of initial chemo-immunotherapy,3,4 and this subset of patients has a particularly poor 46 

prognosis. Patients with relapsed or refractory (r/r) FL will experience progressively shorter 47 

duration of response (DOR) to subsequent treatments (second or later lines of therapy)5 as 48 

reflected by progression-free survival (PFS), which has been shown to decrease from 6.6 years 49 

after the first-line of therapy to 1.5 years and 10 months after the second- and third-line of 50 

therapy, respectively.6 In the National LymphoCare Study, the 5-year OS rate was 50% for 51 

patients with POD24 compared with ≥90% for those with POD 2 years or more after first-line 52 

therapy with R-CHOP.7 Hence, despite improvements in OS following anti-CD20 antibody-53 

containing therapies, lymphoma remains the leading cause of mortality for patients with FL, 54 

highlighting an unmet need for patients with r/r disease.8  55 

Over the past decade, phosphatidylinositol 3-kinase (PI3K) inhibitors, including idelalisib, 56 

copanlisib, duvelisib, and umbralisib, have been approved to treat patients with r/r FL who have 57 

relapsed after 2 or more systemic therapies based on single-arm, open-label, phase 2 studies.9-58 

12 However, PI3K inhibitors have demonstrated modest efficacy in the second-line or later 59 

setting, with complete response (CR) rates ranging from 0–14% and overall response rates 60 

(ORR) ranging from 41–59%.9-13 Median DOR of up to 12.5 months and median PFS of 11 61 

months with idelalisib have been reported. Furthermore, treatment interruptions and 62 

discontinuations due to toxicities have been common in responding patients.9,10,13 The 63 

immunomodulatory agent lenalidomide in combination with rituximab was approved in 2019 for 64 

the treatment of patients with FL treated with more than one line of therapy (based on the phase 65 
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3 MAGNIFY and AUGMENT trials), and produced CR rates ranging from 40–51%, and ORR 66 

ranging from 69–80% in the overall trial populations.14-16 However, treatment benefits of 67 

lenalidomide plus rituximab are modest for the double-refractory population (defined as failure to 68 

respond or relapsed within 6 months following therapy with anti-CD20 and alkylating agents, 69 

any regimen; median DOR of 20.1 months [95% CI 14.6–not reached]),16 and the magnitude of 70 

the therapeutic effect (CR, 26%; ORR, 50%)16 did not differ substantially from that observed 71 

with idelalisib (CR, 14%, ORR, 56%).10 Recently, tazemetostat, an EZH2 inhibitor, has shown 72 

promising responses in EZH2-mutated disease (ORR 69%), which represents 27% of the 73 

overall population,17 but the CR rate is low (13%), and the median DOR of 10.9 months (95% CI 74 

7.2–not estimable [NE]) appears comparable to data from PI3K inhibitor studies. For patients 75 

with wild-type EZH2 disease, ORR was 35% (CR, 4%) and the median DOR was 13 months 76 

(5.6–NE).18  77 

A key consideration for these approved agents is the need for ongoing treatment until 78 

progression, leading to sustained risk of adverse events (AEs) and potential detriment in quality-79 

of-life compared with defined-duration treatments. Furthermore, a shorter response duration at 80 

each relapse5 and durable responses being observed only in a small proportion of patients 81 

indicate a high unmet need for an effective therapy for the r/r patient population.  82 

Tisagenlecleucel is an autologous anti-CD19 chimeric antigen receptor (CAR)-T cell therapy 83 

that is approved in the US for the treatment of patients up to 25 years of age with r/r B‐cell 84 

precursor acute lymphoblastic leukemia (B-ALL), and adult patients with r/r diffuse large B‐cell 85 

lymphoma (DLBCL), high grade B-cell lymphoma, and DLBCL arising from FL.19,20 The recent 86 

approval of axicabtagene ciloleucel (axi-cel) has established the feasibility of CAR-T cell therapy 87 

in r/r FL.21 In a prior pilot study of tisagenlecleucel in 14 patients with r/r FL, 10 (71%) patients 88 

achieved a CR with the median DOR not reached at a median follow-up of over 5 years, and the 89 

probability of sustaining response for 5 years was 60% (95% CI 25–83).22,23 Here, we present 90 
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the primary, pre-specified interim analysis of safety and efficacy data from ELARA, a phase 2 91 

trial of tisagenlecleucel after two or more lines of therapy in adult patients with r/r FL.   92 
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RESULTS 93 

Patients and Study Design 94 

Between November 26, 2018, and January 17, 2020, a total of 119 patients were screened, of 95 

which 21 (17.6%) patients did not complete the screening, including 19 (16.0%) patients who 96 

failed screening (ie, did not meet at least one inclusion/exclusion criterion; Fig. 1). Patients 97 

included in the ELARA study were ≥18 years of age with r/r FL grade 1, 2, or 3A. Patients were 98 

excluded if they had evidence of histologic transformation, FL grade 3B, prior anti-CD19 therapy 99 

or allogeneic hematopoietic stem cell transplantation (HSCT; See Methods section for further 100 

details). As of the March 29, 2021, data cutoff date, 98 patients were enrolled and 97 received a 101 

tisagenlecleucel infusion; one patient discontinued before receiving an infusion due to 102 

investigator discretion based on CR to antineoplastic bridging therapy prior to tisagenlecleucel 103 

infusion. At study entry, 63.9% of patients had bulky disease, 85.6% had stage III-IV disease, 104 

and 78.4% were refractory to the last prior treatment. 105 

Tisagenlecleucel was administered in the outpatient setting in 18% of patients. Most patients 106 

(93/97, 95.9%) received the protocol-specified dose range of 0.6 to 6  108 CAR-positive viable 107 

T cells; four patients received a lower dose of 0.1 to 0.46 × 108 CAR-T cells. In addition, two 108 

patients received out of specification (product that does not meet the release criteria approved 109 

by the FDA) CAR-T cells, one due to low cell viability and the other due to high cell count, both 110 

patients were infused with doses within the protocol-specified dose range of 0.8  108 and 6.0  111 

108 CAR+ cells, respectively. The median CAR-T cell dose was 2.06  108 cells (IQR, 1.40–2.67 112 

 108). The median time from enrolment to infusion was 46 days (IQR, 38–57). The median 113 

follow-up time from infusion to data cutoff was 16.59 months (IQR, 13.8–20.21) for the infused 114 

patients. Ninety-four (96%) patients were evaluable for efficacy (median follow-up, 16.85 115 

months; IQR, 13.80–20.21).  116 
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Patient demographics and baseline characteristics of all 97 infused patients are summarized in 117 

Table 1. Prior to infusion, 44 patients (45%) received optional antineoplastic bridging 118 

chemotherapy for stabilization. The most commonly used agents (in ≥5% of patients) were 119 

rituximab (22%), dexamethasone (11%), gemcitabine (10%), oxaliplatin (7%), prednisolone 120 

(7%), etoposide (6%), cyclophosphamide (5%), and vincristine (5%). One patient received 121 

bendamustine and two patients received radiotherapy alone.  122 

The primary endpoint was CRR based on best response determined by an IRC per the Lugano 123 

2014 classification response criteria.24 Secondary endpoints included ORR, DOR, PFS, OS, 124 

safety, cellular kinetics analyses, and patient reported outcomes (not reported) for all infused 125 

patients. The full efficacy analysis set (EAS) and safety set included all patients who received 126 

an infusion of tisagenlecleucel. The EAS included all patients who received infusion of 127 

tisagenlecleucel and had measurable disease pre-infusion per IRC review. The per-protocol set 128 

(PPS) consisted of a subset of patients in the EAS with none of the following protocol 129 

deviations: diagnosis of disease other than FL at baseline, missing or incomplete documentation 130 

of disease at baseline, and receiving less than the recommended dose of 0.6  108 CAR-131 

positive viable T cells. 132 

 133 

Primary and Secondary Efficacy Endpoints 134 

The primary endpoint of this study was met at the interim analysis with a median follow-up of 9.9 135 

months (N=52; complete response rate [CRR], 65.4% [99.5% CI 45.1–82.4]; p<0.0001; the null 136 

hypothesis of CRR 15% or less by independent review committee [IRC] was rejected). At the 137 

primary analysis (a pre-specified interim analysis), 94 patients were evaluable for efficacy. The 138 

CRR was 69.1% (65/94; 95% CI 58.8–78.3) in the EAS population, and ORR was 86.2% (81/94; 139 

95% CI 77.5–92.4) per IRC assessment. A high concordance (86%) was observed between IRC 140 
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and local assessments of response. Among 31 patients who had achieved partial response 141 

(PR) initially at 3 months, 15 patients converted to CR. Of these 15 patients, in 11 CR was 142 

achieved at the next planned disease assessment at month 6. At the last assessment before the 143 

data cutoff date, 65 patients (69.1%) had ongoing response per IRC. In the PPS population, the 144 

CRR was 72.9% (62/85; 95% CI 62.2–82.0) and ORR was 87.1% (74/85; 95% CI 78.0–93.4; 145 

Table 2). Two of the four patients who received a lower dose of tisagenlecleucel were 146 

responders; one of the two patients attained PR and eventually progressed (DOR, 70 days) and 147 

the other patient was in CR and eventually progressed (DOR, 476 days). The CRR was 148 

comparable across key prognostic subgroups including high-risk disease characteristics such as 149 

histological grade, prior HSCT, and bulky disease (Fig. 2). Patients with POD24 had a lower 150 

CRR (59.0%; 95% CI 45.7–71.4) versus those without POD24 (87.9%; 95% CI 71.8–96.6). 151 

Median DOR, PFS, OS, and time to next anti-lymphoma treatment were not reached (Fig. 3). 152 

Among patients who achieved CR, the estimated DOR rate at 9 months was 86.5% (95% 153 

CI 74.7–93.1), and estimated PFS rate at 12 months was 85.5% (95%CI 74.0-92.2). The PFS 154 

rate for the overall population at 12 months was 67% (95% CI 56–76). 155 

Safety 156 

Of 97 patients evaluable for safety, 99% experienced any-grade AEs, and 78.4% experienced at 157 

least one grade 3 or higher AE during the study, most commonly neutropenia (42.3%). 158 

Treatment-related AEs of any-grade were reported in 78.4% of patients and grade 3 or higher in 159 

46% of patients. Within 8 weeks after infusion, 96.9% had at least one AE; 71% had grade 3 or 160 

4 events, respectively.  161 

CRS occurred in 49% of 97 patients (grade 3 or higher, 0%; per Lee scale25; Table 3) and in 162 

57% of the 62 patients with bulky disease (no patients with bulky disease experienced grade 3 163 

or higher CRS), within 8 weeks post infusion. Median time to onset and resolution of CRS was 4 164 

days (IQR, 2–7 and 3–6 days, respectively) each. Among the 47 patients with CRS, 34% of 165 
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patients received tocilizumab and 6.4% received steroids (Extended Data Fig. 1). Patients with 166 

CRS received supportive care including intravenous fluids and/or vasopressors for hypotension 167 

(n=19; 40.4%), oxygen supplementation (n=9; 19%), a low dose of a single vasopressor was 168 

used in 3 patients (6.4%), and total parenteral nutrition (n=3; 6.4%); four patients with CRS were 169 

admitted to the intensive care unit (ICU) and needed supportive care requiring vasopressors 170 

and close monitoring.  171 

Any-grade and grade 3 or higher hematological disorders including cytopenias were observed in 172 

75.3% and 69.1% of patients, respectively, within 8 weeks post infusion. Ten patients (10%) had  173 

grade ≥3 febrile neutropenia. Based on laboratory data, 20% of patients had prolonged grade 174 

≥3 lymphopenia and 7.7% had prolonged grade ≥3 leukopenia at 12 months (Extended Data 175 

Fig. 2). None of the patients had prolonged grade ≥3 neutropenia, and prolonged 176 

thrombocytopenia was not estimable at 12 months. At the time of study entry, 25 patients 177 

(25.8%) had hypogammaglobulinemia. Sixteen patients (16.5%) had AEs of prolonged depletion 178 

of normal B cells/agammaglobulinemia post-tisagenlecleucel infusion; in 10 patients (10.3%) the 179 

AE was suspected to be treatment-related. One patient had a grade 3 AE. No grade 4 AEs were 180 

reported. These AEs were ongoing in 10 patients at the time of the data cutoff date. 181 

Prophylactic intravenous immunoglobulins were administered to 33 patients (34.0%). 182 

Intravenous immunoglobulins were also administered to 3 patients (3.1%) for treatment of 183 

infections and 8 patients (8.2%) for other reasons. 184 

Any-grade neurological events occurred in 37.1% and immune effector cell-associated 185 

neurotoxicity syndrome in 4.1% of patients within 8 weeks post infusion. Three patients 186 

developed grade ≥3 neurological events and one patient developed grade 4 immune effector 187 

cell-associated neurotoxicity syndrome (ICANS) on day 10 related to tisagenlecleucel 188 

concurrent with possible HHV6 encephalitis (Extended Data Fig. 3). The patient required 189 

ventilation and fully recovered after receiving high-dose methylprednisolone and ganciclovir. 190 
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Median time to onset of serious neurological events was 9 days (IQR, 5–35 days), with median 191 

time to resolution being 2 days (IQR, 1–4 days). Among 17 patients who received 192 

tisagenlecleucel in the outpatient setting, 11 (65%) patients had an inpatient hospitalization for 193 

post-infusion AE management. Median length of stay for hospitalization was 4 days, and none 194 

of the patients infused in the outpatient setting needed ICU stay. 195 

Any-grade infections occurred in 18.6% of patients 8 weeks post infusion; 5.2% had grade ≥3 196 

events. Majority of patients had B-cell levels below the limit of quantification of 0.2 cells/µL prior 197 

to infusion and continued to demonstrate levels below the normal range of 80-616 cells/µL post 198 

infusion. The median time to B-cell recovery for responding patients was not estimable at a 199 

median follow-up of 9 months. A total of seven patients died in the study. Five patients died 200 

because of progressive lymphoma, one patient died because of CRS, and another patient died 201 

because of general disorders and administration site conditions. All deaths occurred >30 days 202 

post infusion and none were treatment-related.  203 

 204 

Pharmacokinetics 205 

Cellular kinetic analyses were performed for all patients as a secondary endpoint. In the 97 206 

patients evaluable, median time to maximal expansion based on transgene testing was similar 207 

between responders and non-responders (9.92 days [IQR, 8.88–13.8] vs. 13.0 days [IQR, 9.86–208 

14.8], respectively, Extended Data Fig. 4); transgene persistence was detected up to 558 days 209 

and 366 days, respectively. Higher mean expansion (geometric mean maximum expansion 210 

[Cmax] in copies/µg, geometric mean %CV; n) was observed in patients with grade 1 and 2 CRS 211 

(10100 copies/µg, 381%; n=40) relative to patients with no CRS (2990 copies/µg, 282%; n=35). 212 

The geometric mean Cmax was slightly lower in non-responders than in responders (3000 vs. 213 

6280 copies/µg, respectively). The mean area under the concentration-time curve from day 0 to 214 
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day 28 (AUC0–28d) and to day 84 (AUC0–84d) were comparable among responders and non-215 

responders. Linear regression analyses showed no relationship between dose and cellular 216 

kinetic parameters (Cmax and AUC). Favorable responses were observed across all the dose 217 

ranges investigated and the probability of achieving response was comparable across dose 218 

quartiles. There was no impact of dose on the best overall response. The incidence of CRS 219 

within 8 weeks of infusion in patients who received tisagenlecleucel doses below approximately 220 

1  108 CAR-positive viable T cells was 27% (n=11) and in patients who received more than or 221 

equal to 1  108 CAR-positive viable T cells was 51% (n=86).  222 

For the 15 patients whose response changed from PR to CR following tisagenlecleucel infusion, 223 

the cellular kinetic profile and B-cell kinetics were investigated with respect to change in the 224 

kinetics relative to the time of change in response (PR to CR as per the IRC assessment). The 225 

mean Cmax by quantitative polymerase chain reaction (qPCR) was similar between the 14 226 

evaluable patients (with reportable Cmax values) and the rest of the patients. Likewise, the time 227 

to maximal expansion (Tmax) was similar between the 2 groups (patients with response change 228 

from PR to CR, Cmax, n=14, 5372 copies/µg, median Tmax = 12 days [range: 8.8 to 28 days]; rest 229 

of the patients, Cmax, 5645 copies/µg, median Tmax = 10 days [range: 2.6 to 20 days]). All 230 

patients, except for one, showed a decline in the transgene levels after maximal expansion with 231 

no obvious re-expansion corresponding to the time of change in response from PR to CR. One 232 

patient with a change in response from PR to CR demonstrated a slight increase in transgene 233 

levels. Similarly, 10 patients exhibited B-cell aplasia at all timepoints post infusion. Only one 234 

patient showed B-cell recovery to normal range at month 12. 235 

DISCUSSION 236 

The primary analysis results from ELARA demonstrate that tisagenlecleucel is an effective 237 

therapy with a manageable safety profile for r/r FL patient population after two or more lines of 238 

therapy with limited treatment options and an unfavorable prognosis. Antitumor activity was 239 
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seen independently of established risk factors for progression and across subgroups of patients, 240 

including heavily pre-treated patients (median number of prior therapies was four [IQR, 3–5]), 241 

disease refractory to more than two lines of therapies (78% were refractory to last treatment), 242 

POD24 (63%), bulky disease (64%), advanced disease (86% had stage 3/4 disease), and high 243 

FLIPI score (60%). The majority of patients were PI3K-, lenalidomide-, and lenalidomide + 244 

rituximab-naïve. With a median follow-up of approximately 17 months among efficacy-evaluable 245 

patients, high CRR (69%) and ORR (86%) were observed, and median DOR, PFS, and OS 246 

were not reached. Complete response is one of the key predictors of long-term benefits in 247 

patients with FL and other B-cell lymphomas in both frontline and relapsed settings.26  248 

The cellular kinetic analyses showed no impact of dose on cellular kinetic parameters (Cmax and 249 

AUC), probability of CRS or neurological events, or median DOR. Overall exposure in the 250 

ELARA study population was comparable to that observed in patients with DLBCL.23 The higher 251 

tisagenlecleucel expansion with higher severity of CRS is consistent with data from pediatric B-252 

ALL and DLBCL.27,28 Despite the Cmax observed in responders being slightly higher, strong 253 

conclusions cannot be driven due to the limited number of non-responding patients and the 254 

associated variability. Longer follow-up will be required to fully understand the clinical 255 

significance of tisagenlecleucel persistence in this patient population.  256 

Among trials of PI3K inhibitors in the third-line setting, the reported median DOR of less than a 257 

year9-13 may not have been reliably estimated using the Kaplan-Meier method due to 258 

discontinuations related to toxicities, which were common with these agents,9,10,13 and censoring 259 

at the time of start of a new anticancer therapy. In comparison, a higher response rate was 260 

observed with tisagenlecleucel in ELARA; however, longer follow-up is needed to evaluate the 261 

impact on DOR and PFS. In addition, as tisagenlecleucel is a single infusion treatment, the lack 262 

of a need for sustained therapy in treated patients provides a logistical and safety benefit 263 

relative to most PI3K or EZH2 inhibitors requiring ongoing treatment until progression.  264 
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The primary analysis results from the phase 2 ZUMA-5 trial of axi-cel in patients with r/r indolent 265 

NHL were reported in 146 efficacy-evaluable patients, of whom 68% were refractory to last prior 266 

treatment.29 Although differences in the patient populations and study designs preclude direct 267 

comparisons between trials, patients in the ZUMA-5 study did not receive bridging therapy, were 268 

less heavily pre-treated than ELARA (median three lines of prior treatment vs. four), and the 269 

timing of initial efficacy assessments differed between the two studies (28 days in ZUMA-5 vs. 3 270 

months in ELARA). Among 81 evaluable patients with FL who received axi-cel in ZUMA-5, the 271 

best ORR was 91% and CR rate was 60%.21 In 124 patients with FL evaluable for safety, 6% of 272 

patients had grade 3 or higher CRS compared to no cases of high-grade CRS in ELARA. 273 

Fifteen percent of patients in ZUMA-5 had grade 3 or higher neurological events, while 3.1% of 274 

patients in ELARA had high-grade neurological events within 8 weeks of infusion and one 275 

patient with a grade 4 ICANS event who recovered fully. One patient had multisystem organ 276 

failure leading to death related to axi-cel treatment (occurring in the context of CRS). Together, 277 

the safety profile of tisagenlecleucel compared favorably to that of axi-cel. The higher rates of 278 

severe CRS and neurological events, along with the higher use of tocilizumab and 279 

corticosteroids reported in the ZUMA-5 study suggest that administration of axi-cel in an 280 

outpatient setting may be less feasible compared with tisagenlecleucel as administered in the 281 

ELARA study. One third of patients infused in the outpatient setting (n=17) in ELARA required 282 

no hospitalization for AE management, and none of the patients required ICU assistance. Five 283 

deaths in the ELARA study were due to progressive disease, and two additional deaths were 284 

due to CRS and to general disorders and administration site conditions. None of the deaths 285 

were treatment-related. Further research is needed to identify the patients most likely to benefit 286 

from CAR-T cell therapy in an outpatient setting. In addition, emerging data for bispecific 287 

antibodies have shown promising results for the treatment of patients with multiple types of r/r 288 

NHL, including r/r FL and DLBCL,30-32 and further studies are required to understand their long-289 
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term clinical effects and to help determine the most effective sequencing of therapies for 290 

patients with r/r FL.  291 

Along with the possibility of outpatient treatment with tisagenlecleucel, the efficacy and safety 292 

data from the ELARA study in heavily pretreated patients with r/r FL, including those with high-293 

risk disease characteristics are promising and will need to be evaluated for potential long-term 294 

benefits through studies with longer follow-up.  295 

  296 
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METHODS 297 

Study Design 298 

ELARA is a multinational, multicentre study conducted at 30 sites in 12 countries across the 299 

United States, Europe, Japan, and Australia (ClinicalTrials.gov: NCT03568461). Please see the 300 

redacted study protocol and redacted statistical analysis plan (SAP; available in the 301 

Supplementary Information) for additional details regarding study design and primary and 302 

secondary endpoints of the ELARA trial reported here. No independent data safety monitoring 303 

board was utilized for ELARA. The Novartis safety team and steering committee were involved 304 

in all safety reviews for each planned analysis. Before initiating the trial, the 305 

investigator/institution obtained approval from the Institutional Review Board/Independent Ethics 306 

Committee (IRB/IEC) for the trial protocol, written informed consent form, consent form updates, 307 

patient recruitment procedures (eg, advertisements) and any other written information to be 308 

provided to patients. Prior to enrollment, all patients were required to sign a written informed 309 

consent form. 310 

Patients included in the ELARA study were ≥18 years of age and histologically confirmed by 311 

central pathology review to have FL (grade 1, 2, 3A). Eligible patients were required to meet one 312 

of the following criteria: (1) refractory to a second or later line of systemic therapy (including an 313 

anti-CD20 antibody and an alkylating agent) or relapsed within 6 months after completion of a 314 

second or later line of systemic therapy, (2) relapsed during anti-CD20 antibody maintenance 315 

(following ≥2 lines of therapies as above) or within 6 months after maintenance completion, (3) 316 

relapsed after autologous HSCT. Radiographically measurable disease (ie, at least one nodal 317 

lesion >20 mm in the long axis, regardless of the length of the short axis and/or extranodal 318 

lesions [outside lymph node or nodal mass, including liver and spleen] >10 mm in the long and 319 

short axis) and Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1 320 

at screening were required. Patients were required to meet the following laboratory values 321 
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without transfusion at screening: absolute neutrophil count (ANC) ≥1000/mm3 (≥1×109/L), 322 

absolute lymphocyte count (ALC) >300/mm3 (>0.3×109/L), absolute number of CD3+ T cells 323 

>150/mm3 (>0.15×109/L), platelets ≥50000/mm3 (≥50×109/L), hemoglobin ≥8.0 g/dL (≥4.9 324 

mmol/L), a serum creatinine of ≤1.5 times ULN or eGFR ≥60 mL/min/1.73 m2, ALT/AST ≤5 325 

times the ULN, and total bilirubin ≤1.5 times ULN (with the exception of patients with Gilbert’s 326 

syndrome). Patients with Gilbert’s syndrome could be included if their total bilirubin was ≤3.0 327 

times ULN and direct bilirubin ≤1.5 times ULN. Patients were required to have adequate 328 

pulmonary function (ie, no or mild dyspnea [grade ≤1] and oxygen saturation measured by pulse 329 

oximetry of >90% on room air). Lastly, a leukapheresis product of non-mobilized cells accepted 330 

for manufacturing was required for all eligible patients. 331 

Patients were excluded from the ELARA study if they had evidence of histologic transformation; 332 

FL grade 3B; prior anti-CD19 therapy; prior gene therapy; prior adoptive T-cell therapy; prior 333 

allogeneic HSCT; active CNS involvement by malignancy; active neurological autoimmune or 334 

inflammatory disorders (eg, Guillain-Barre syndrome, amyotrophic lateral sclerosis); received 335 

investigational drugs within the last 30 days or five half-lives (whichever is longer) prior to 336 

screening; presence of active or prior hepatitis B or C as indicated by serology; presence of HIV 337 

antibody; or uncontrolled acute life-threatening bacterial, viral, or fungal infection. Patients were 338 

excluded who had cardiac or cardiac repolarization abnormalities, including history of 339 

myocardial infarction, angina pectoris, coronary artery bypass graft within 6 months prior to 340 

infusion, clinically significant cardiac arrhythmias, left ventricular ejection fraction <45% (as 341 

determined by ECHO or MRA or MUGA), or NYHA functional class III or IV.33 Patients with a 342 

previous or concurrent malignancy were excluded with the following exceptions: adequately 343 

treated basal cell or squamous cell carcinoma (adequate wound healing was required prior to 344 

enrollment); in situ carcinoma of the cervix or breast, treated curatively and without evidence of 345 

recurrence for ≥3 years prior to enrollment; or a primary malignancy that was completely 346 
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resected and in complete remission for ≥3 years at the time of enrollment. Women who were 347 

pregnant or nursing (lactating) or of child-bearing potential (ie, all women physiologically 348 

capable of becoming pregnant, unless they were using highly effective methods of 349 

contraception ≥12 months after infusion and until CAR-T cells were no longer present by qPCR 350 

on two consecutive tests) were also excluded. Sexually active males were required to use a 351 

condom during intercourse for ≥12 months after the tisagenlecleucel infusion and until CAR-T 352 

cells were no longer present by qPCR on two consecutive tests. In addition, male participants 353 

were not allowed to donate sperm for the time period specified above. Lastly, patients who did 354 

not tolerate the excipients of the tisagenlecleucel cell product were excluded from the study. 355 

Central histologic confirmation of the diagnosis was performed at study entry. Bulky disease 356 

was defined as one nodal or extranodal tumor mass more than 7 cm in diameter or involvement 357 

of three or more nodal sites, each with a diameter more than 3 cm. After providing written 358 

informed consent, all patients underwent leukapheresis; enrolment was complete when the 359 

cryopreserved material was received by the manufacturing facility and clinical eligibility was 360 

confirmed. Bridging therapy, when needed, was allowed at the investigator’s discretion and 361 

disease status was reassessed prior to tisagenlecleucel infusion in all patients to establish a 362 

new baseline. One week prior to infusion, all patients received one cycle of lymphodepleting 363 

chemotherapy. For lymphodepletion, patients could receive either fludarabine (25 mg/m2) and 364 

cyclophosphamide (250 mg/m2) daily for 3 days or bendamustine (90 mg/m2) daily for 2 days.  365 

Tisagenlecleucel was manufactured in multiple sites worldwide, including Morris Plains, New 366 

Jersey; FBRI, Japan; Les Ulis, France; and Stein, Switzerland. Tisagenlecleucel was 367 

administered as a single intravenous infusion at the protocol-specified dose of 0.6-6  108 CAR-368 

positive viable T cells on day 1. Tisagenlecleucel could be administered in either an inpatient or 369 

outpatient setting per local policies and at the investigator’s discretion. After infusion, the first 370 

response assessment (per Lugano classification24) was performed 3 months post infusion and 371 



 

20 

then every 3 months for the first year post infusion, and every 6 months during the second year 372 

and through the end of the study (month 24). Response was defined as CR or PR and non-373 

responders were defined as patients with progressive disease, stable disease, or unknown 374 

disease status.  375 

Endpoints 376 

The primary endpoint was CRR based on best response determined by an IRC per the Lugano 377 

2014 classification response criteria.24 Secondary endpoints included ORR, DOR, PFS, OS, 378 

safety, and cellular kinetics analyses for all infused patients. AEs were reported based on 379 

MedDRA and CTCAE v4.03. CRS was graded per the Lee scale,25 and neurological events 380 

were graded according to CTCAE v4.03 and American Society of Transplantation and Cellular 381 

Therapy ICANS consensus grading.  382 

Statistical Analysis 383 

Data collection was performed using the Novartis Rave EDC Platform. Based on the null 384 

hypothesis of CRR 15% or less and assuming an underlying CRR of 30% for tisagenlecleucel, 385 

90 patients in the primary analysis were required to provide at least 90% cumulative power to 386 

demonstrate statistical significance, using a two-look Lan-DeMets group sequential design with 387 

O’Brien-Fleming type boundary and an exact CI at one-sided cumulative 0.025 level of 388 

significance. The primary analysis occurred after 90 patients had reached 6 months follow-up 389 

post infusion or had discontinued early. The full efficacy analysis set (EAS) and safety set 390 

included all patients who received an infusion of tisagenlecleucel. The EAS included all patients 391 

who received infusion of tisagenlecleucel and had measurable disease pre-infusion per IRC 392 

review. The PPS consisted of a subset of patients in the EAS with none of the following protocol 393 

deviations: diagnosis of disease other than FL at baseline, missing or incomplete documentation 394 

of disease at baseline, and receiving less than the recommended dose of 0.6  108 CAR-395 
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positive viable T cells. All data analyses were performed, and outputs were generated utilizing 396 

the SAS version 9.4. DOR, PFS, and OS were estimated using the Kaplan-Meier method. 397 

Cellular kinetics were measured in the peripheral blood of evaluable patients by qPCR. Please 398 

see the associated SAP for additional details related to data analysis. 399 

Role of the funding source 400 

The funders participated in the study design, data collection, statistical analysis, and 401 

interpretation, and provided funding for medical writing and editorial support. All authors had 402 

unrestricted access to the study data and were responsible for submission for publication. 403 
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The authors declare that all data supporting the findings of this analysis are available within the 405 
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access to patient-level data and supporting clinical documents from eligible studies. These 407 

requests are reviewed and approved by an independent review panel on the basis of scientific 408 

merit. All data provided is anonymized to respect the privacy of patients who have participated 409 

in the trial in line with applicable laws and regulations. This trial data availability is according to 410 

the criteria and process described on www.clinicalstudydatarequest.com. 411 
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 515 

TABLES 516 

Table 1: Baseline demographic and disease characteristics of all treated patients 517 

 
Infused patients 

N=97 

Median age (IQR), years 57.0 (49–64) 
≥65 years, n (%) 24 (24.7) 

Male, n (%) 64 (66.0) 
Female, n (%) 33 (34) 
ECOG PS ≥1 prior to infusion, n (%) 41 (43.3) 
Stage at study entry III-IV, n (%) 83 (85.6) 
Bone marrow involvement at study entry, n (%) 37 (38.1) 
Bulky disease at baseline, n (%) 62 (63.9) 
FLIPI high (≥3) at study entry, n (%) 58 (59.8) 
Median no. of prior therapies (range) 4 (2-13) 

>4, n (%) 27 (27.8) 

POD24 from first anti-CD20 mAb containing therapy, n (%) 61 (62.9) 
Prior anti-neoplastic therapy, n (%) 

 

Anti-CD20 mAb 97 (100) 

Alkylating agents  97 (100) 
Anti-CD20 mAb + alkylating agent (same or different regimen) 97 (100) 
PI3K inhibitors 20 (20.6) 
Lenalidomide 21 (21.6) 
Lenalidomide + rituximab  16 (16.5) 

Prior therapy to which the disease was refractory,a n (%)  
Anti-CD20 mAb 84 (86.6) 
Alkylating agents 69 (71.1) 
Anti-CD20 mAb + alkylating agent combination (same regimen) 61 (62.9) 

Anthracyclines 43 (44.3) 
Lenalidomide 18 (18.6) 
Lenalidomide + anti-CD20 mAb (same regimen) 18 (18.6) 
PI3K inhibitors 14 (14.4) 

Refractory disease to last line of therapy, n (%) 76 (78.4) 
Best response SD/PD 54 (55.7) 

Relapse within 6 months 22 (22.7) 

Prior autologous HSCT, n (%) 35 (36.1) 
Relapsed ≤12 months after HSCT, n (%) 15 (15.5) 

Refractorya to ≥2 regimens, n (%) 69 (71.1) 
Double refractory,b n (%) 66 (68.0) 
  
aRefractory is defined as failure to respond to previous treatment (SD/PD as best response) OR PD 
within 6 months of prior therapy completion. 
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bDouble refractory is defined as failure to respond or relapsed within 6 months following therapy with 
anti-CD20 and alkylating agents, any regimen. 
ECOG=Eastern Cooperative Oncology Group; FLIPI=Follicular Lymphoma International Prognostic 
Index; HSCT=hematopoietic stem cell transplant; IQR= interquartile range; OR=overall response; 
PD=progressive disease; POD24=progression of disease within 2 years; PS=performance score; 
SD=stable disease. Column titles are bolded for clarity. 
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Table 2. Best overall response in the efficacy analysis set and per-protocol populationa 540 

 541 

 Per-Protocol set 
n=85 

Efficacy Analysis Set 
n=94 

 Local assessment IRC assessment Local assessment IRC assessment 

Best overall 
response, n (%) 

 
   

CR 64 (75.3) 
95% CI 64.7–84.0 

62 (72.9)  
95% CI 62.2–82.0 

68 (72.3) 
95% CI 62.2–81.1 

65 (69.1)  
95% CI 58.5–78.3 

PR 14 (16.5) 12 (14.1) 17 (18.1) 16 (17.0) 
SD 2 (2.4) 3 (3.5) 3 (3.2) 3 (3.2) 
PD 5 (5.9) 8 (9.4) 6 (6.4) 9 (9.6) 
UNK 

 
  1 (1.1) 

Overall response 
rate (CR + PR), n 
(%) 

78 (91.8) 
95% CI 83.8–96.6 

74 (87.1)  
95% CI 78.0–93.4 

85 (90.4) 
95% CI 82.6–95.5 

81 (86.2)  
95% CI 77.5–92.4 

aThe per-protocol set is a subset of the patients in the primary analysis efficacy set with no major protocol 
deviations. 
CI=confidence interval; CR=complete response; IRC=independent review committee; PD= progressive disease; 
PR=partial response; SD=stable disease; UNK=unknown. Column titles are bolded for clarity. 
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Table 3: Overall safety profile 543 

 

Treated patients 

N=97 

Any AE of special interest within 8 weeks post infusion 88 (90.7) 

AESIs occurring in patients 8 weeks post infusion (regardless of 

study drug relationship) 

 

Cytokine release syndrome 47 (48.5) 

Grade ≥3 0 

Hematologic events  

Hypogammaglobulinemia 9 (9.3) 

Grade ≥3 0 

Neutropenia 32 (33.0) 

Grade ≥3 31 (32.0) 

Anemia 24 (24.7) 

Grade ≥3 13 (13.4) 

White blood cell count decreased 17 (17.5) 

Grade ≥3 12 (12.4) 

Thrombocytopenia 16 (16.5) 

Grade ≥3 9 (9.3) 

Platelet count decreased 5 (5.2) 

Grade ≥3 3 (3.1) 

Neutrophil count decreased 15 (15.5) 

Grade ≥3 15 (15.5) 

Febrile neutropenia 10 (10.3) 

Grade ≥3 10 (10.3) 

Leukopenia 4 (4.1) 

Grade ≥3 4 (4.1) 

Lymphocyte count decreased 6 (6.2) 

Grade ≥3 5 (5.2) 

Infections 18 (18.6) 

Grade ≥3 5 (5.2) 

Neurological events 36 (37.1) 

Grade ≥3 3 (3.1) 

Headache 23 (23.7) 

Grade ≥3 1 (1) 

Dizziness 6 (6.2) 

Grade ≥3 0 

Immune effector cell-associated neurotoxicity syndrome 4 (4.1) 

Grade ≥3 1 (1.0) 

Cardiac disorders 5 (5.2) 

Grade ≥3 0 

Gastrointestinal disorders 40 (41.2) 

Grade ≥3 4 (4.1) 

Diarrhea  17 (17.5) 

Grade ≥3 1 (1) 

Constipation 13 (13.4) 

Grade ≥3 0 
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Nausea 12 (12.4) 

Grade ≥3 2 (2.1) 

Vomiting 7 (7.2) 

Grade ≥3 0 

Abdominal pain 6 (6.2) 

Grade ≥3 1(1) 

General disorders 35 (36.1) 

Grade ≥3 4 (4.1) 

Fatigue 15 (15.5) 

Grade ≥3 3 (3.1) 

Pyrexia 11 (11.3) 

Grade ≥3 1 (1) 

Asthenia 5 (5.2) 

Grade ≥3 0 

Chills 5 (5.2) 

Grade ≥3 0 

Metabolism and nutrition disorders 29 (29.9) 

Grade ≥3 4 (4.1) 

Hypokalemia 7 (7.2) 

Grade ≥3 0 

Hypomagnesemia 7 (7.2) 

Grade ≥3 0 

Hypophosphatemia 6 (6.2) 

Grade ≥3 3 (3.1) 

Decreased appetite 5 (5.2) 

Grade ≥3 0 

Musculoskeletal and connective tissue disorders 27 (27.8) 

Grade ≥3 1 (1) 

Muscle spasms 6 (6.2) 

Grade ≥3 0 

Myalgia 6 (6.2) 

Grade ≥3 0 

Arthralgia 5 (5.2) 

Grade ≥3 0 

Psychiatric disorders 7 (7.2) 

Grade ≥3 0 

Insomnia 5 (5.2) 

Grade ≥3 0 

Respiratory, thoracic and mediastinal disorders 12 (12.4) 

Grade ≥3 0 

Skin and subcutaneous tissue disorders 16 (16.5) 

Grade ≥3 0 

Vascular disorders 12 (12.4) 

Grade ≥3 1 (1) 

Hypotension 6 (6.2) 

Grade ≥3 0 

SAE (within 8 weeks post-infusion) 27 (27.8) 
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Suspected to be study drug related 23 (23.7) 

Grade 3/4 AE (within 8 weeks post-infusion) 69 (71.1) 

Suspected to be study drug related 39 (40.2) 

  

AE=adverse event; AESI=adverse event of special interest; SAE=serious adverse event. 
Column titles are bolded for clarity. 
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FIGURE LEGENDS 

Fig. 1: CONSORT diagram for ELARA. Flowchart of participants disposition for the 567 

ELARA study. 568 

 569 

Fig. 2: Best response of complete remission according to subgroup (EAS 570 

population). Forest plot summary of treatment effect of tisagenlecleucel across major 571 

demographic and prognostic subgroups. 572 

*Denotes key findings across major demographic and prognostic subgroups in relation to 573 

CRR. aPatients primarily refractory or experiencing progression of disease within 24 574 

months from initiation of a first-line anti-CD20 mAb-containing treatment. CI, confidence 575 

interval; CRR, complete response rate; EAS, efficacy analysis set; FLIPI, Follicular 576 

Lymphoma International Prognostic Index; HSCT, hematopoietic stem-cell 577 

transplantation; LDH, lactate dehydrogenase; PI3K, phosphoinositide 3-kinase; R2, 578 

lenalidomide + rituximab.  579 

 580 

Fig. 3: Kaplan-Meier curves for patients with r/r FL who received tisagenlecleucel 581 

infusion. (a) duration of response, (b) progression-free survival, (c) overall survival, and 582 

(d) and time to next anti-lymphoma treatment.  583 
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