REGULAR ARTICLE € blood advances

Indirect comparison of tisagenlecleucel and historical treatments for
relapsed/refractory diffuse large B-cell lymphoma

Richard T. Maziarz," Jie Zhang,2 Hongbo Yang,3 Xinglei Chai,® Chengbo Yuan,® Elisabeth Schwarz,? Mihael Jakovac,?
Marcela Martinez-Prieto,? Abhijit Agarwal,® Evgeny Degtyarev,? Constantine Tam,* and Gilles Salles®

1Knight Cancer Institute, Oregon Health and Science University, Portland, OR; 2Novartis Pharmaceuticals, East Hanover, NJ: 3Ana\lysis Group, Inc., Boston, MA; 4Hema\’(ology
Department, Peter MacCallum Cancer Centre, Melbourne, Australia; and 5Memorial Sloan-Kettering Cancer Center, New York, NY

m No head-to-head trials have compared the efficacy of tisagenlecleucel vs historical

treatments for adults with relapsed or refractory diffuse large B-cell lymphoma (r/r
* QS and ORR of DLBCL). This study indirectly compared the overall survival (0OS) and overall response
tisagenlecleucel were . o .
. rate (ORR) associated with tisagenlecleucel, using data from the JULIET study (Study of
compared with those : . . )
. . Efficacy and Safety of CTL019 in Adult DLBCL Patients; #NCT02445248), vs historical
of historical therapy ] ) o :
for r/r DLBCL after treatments assessed in the CORAL (Collaborative Trial in Relapsed Aggressive Lym-
=9 therapy lines. phoma) study follow-up population. To assess treatment effects in the treated (full
analysis set [FAS]) and enrolled (intention-to-treat [ITT]) study populations, the JULIET
FAS vs the CORAL follow-up FAS and JULIET ITT vs CORAL follow-up ITT populations

were separately compared. Propensity score weighting using standardized mortality ratio

Tisagenlecleucel was
associated with
significantly longer

OS and higher weight (SMRW) and fine stratification weight (FSW) was used to compare OS and ORR,
response rate vs adjusting for baseline confounders. The results indicated that tisagenlecleucel was
historical therapy. associated with a lower hazard of death among the FAS (adjusted hazard ratio [95%

confidence interval], both FSW and SMRW, 0.44 [0.32, 0.59]) and ITT populations (FSW,
0.60 [0.44, 0.77]; SMRW, 0.57 [0.44, 0.73]; all, P < .001). Median OS was 12.48 months
(JULIET) vs 4.34 to 4.40 months (CORAL) for the FAS, and 8.25 (JULIET) months vs 4.04 to
4.86 (CORAL) months for the ITT populations. Tisagenlecleucel was associated with a
significantly higher ORR compared with historical treatments among the FAS (adjusted
response rate difference [95% confidence interval], both FSW and SMRW, 36% [22%,
0.48%]; P < .001) and among the ITT populations after SMRW adjustment (11% [0%,
22%]; P = .043). This analysis supports that improved response and OS are achieved in
patients with r/r DLBCL treated with tisagenlecleucel compared with those treated with
alternative historical treatments.
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Introduction

Diffuse large B-cell lymphoma (DLBCL), the most common subtype of non-Hodgkin lymphoma, has an
annual incidence of new cases of ~5.6 per 100000 in the United States.®> DLBCL is commonly first
treated with a combination of chemotherapy and the monoclonal antibody rituximab, although ~30% to
40% of patients ultimately relapse or develop refractory (r/r) disease.*® For these patients,
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chemoimmunotherapy followed by consolidation with high-dose ther-
apy and autologous hematopoietic cell transplantation (autoHCT) for
responders offers the best chance of cure.® However, approxi-
mately one-half of patients are ineligible or unwiling to undergo
autoHCT,” and outcomes after relapse post-autoHCT are poor.®°
Before the introduction of chimeric antigen receptor T-cell (CAR-T)
therapies, adults with r/r DLBCL not receiving autoHCT had few
treatment options after second line (2L) therapy, primarily limited to
salvage chemotherapy, palliative therapy, and/or best supportive
care.510-16

Tisagenlecleucel is one of several CAR-T therapies that have altered
the treatment landscape for r/r DLBCL. Tisagenlecleucel binds to
the CD19 antigen on the surface of normal and cancerous B cells
to eliminate them after infusion into the patient."”2° In 2018, the US
Food and Drug Administration approved tisagenlecleucel for adults
with r/r DLBCL after =2 lines of treatment, based on the efficacy
shown in the phase 2 single-arm JULIET study (Study of Efficacy
and Safety of CTLO19 in Adult DLBCL Patients; #NCT02445248).
In JULIET, the overall response rate (ORR) among patients receiving
tisagenlecleucel was 52%, with a complete response (CR) rate of
41%. In comparison, a pooled analysis of several large studies of
salvage chemotherapy in r/r DLBCL (SCHOLAR-1 [Retrospective
Non-Hodgkin Lymphoma Research]) reported an ORR of 26%, with
just 7% of patients achieving CR.° Thus, tisagenlecleucel provides
a new therapeutic option and improved response for patients faced
with historically dismal clinical outcomes,*16:17:2123

In the absence of head-to-head trials comparing tisagenlecleucel
with historical treatments for r/r DLBCL, an indirect treatment
comparison using individual patient data from the JULIET and
CORAL (Collaborative Trial in Relapsed Aggressive Lymphoma)
studies was conducted. CORAL was a phase 3 clinical study of 2L
therapy that randomly assigned adults with relapsed DLBCL to 1 of
2 chemotherapy regimens followed by autoHCT when feasible
(#NCT00137995).22 The CORAL investigators collected extensive
follow-up data regarding patients’ subsequent treatments (ie, third
line and above [3L+]) and long-term survival status, which represent
the efficacy of conventional 3L+ treatments (ie, historical control
treatments).

The current study indirectly compared the overall survival (OS) and
ORR associated with tisagenlecleucel and historical control treat-
ments as 3L+ therapies for adults with r/r DLBCL. To assess the
efficacy of tisagenlecleucel vs historical control treatments among
both prescribed and treated patients, the enrolled intention-to-treat
(ITT) populations and patients who ultimately received treatment (e,
the full analysis set [FAS]) were compared separately.

Methods

Data source

This study used patient-level data from the JULIET (data-cut, Febru-
ary 20, 2020; data on file, Novartis)'” and CORAL studies.??2*
JULIET enrolled 167 patients (ie, ITT population); of these, 115
were infused with tisagenlecleucel (ie, FAS)."” CORAL enrolled
477 patients with r/r DLBCL (July 2003-June 2008) who received
2L treatment.???* Among them, 297 relapsed or failed to respond
to 2L treatment,®2" and they constituted the CORAL follow-up pop-
ulation for this indirect comparison. The patient-level data from
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CORAL were obtained from the Lymphoma Academic Research
Organisation (LYSARC).?®

Sample selection and study populations

To assess treatment effects in the treated (FAS) and the enrolled
(ITT) study populations, separate analyses were conducted compar-
ing the following: (1) the JULIET FAS vs the CORAL follow-up FAS;
and (2) the JULIET ITT population vs the CORAL follow-up ITT pop-
ulation. To construct comparable patient populations, patients from
the CORAL follow-up population were selected based on the inclu-
sion/exclusion criteria of JULIET (Figure 1).

FAS populations. The JULIET FAS (N = 114) included all
patients who received tisagenlecleucel in JULIET (N = 115), after
excluding 1 patient with neuroendocrine tumor who was initially mis-
classified as DLBCL. The CORAL follow-up FAS (N = 170)
included patients from the CORAL follow-up period selected per
JULIET criteria (Figure 1). In addition, patients were required to have
received one of the following therapies in 3L+ as an index treat-
ment: any chemotherapy, immunotherapy (rituximab/lenalidomide/
ofatumumab)-based treatment, brentuximab vedotin, ibrutinib, axi-
cabtagene ciloleucel (axi-cel), polatuzumab vedotin, allogeneic
hematopoietic cell transplant (alloHCT), or best supportive care.
Unknown treatment and autoHCT were not considered qualified
index treatments as JULIET enrolled patients who had failed, were
ineligible for, or did not consent to autoHCT.

ITT populations. The JULIET ITT populaton (N = 166)
included all patients who enrolled in JULIET regardless of whether
they received tisagenlecleucel infusion. The CORAL follow-up ITT
population (N = 205) included the CORAL FAS and patients with-
out a documented 3L+ treatment. autoHCT was not considered a
qualified index treatment of the CORAL follow-up ITT.

Study endpoints

O0S. For the FAS populations, OS was defined as the time from
the date of tisagenlecleucel infusion (for JULIET) or from the date of
index treatment initiation (for the CORAL follow-up) to the date of
death due to any reason. For the ITT populations, OS was defined
as the time from the date of enrollment (JULIET) or from the
selected index date (CORAL follow-up) to the date of death due to
any reason. The index date for CORAL follow-up ITT was defined
as the date of the selected index treatment initiation, if known, or
the date of relapse from last line if the initiation date of the index
treatment was missing.

ORR. The ORR was defined as the proportion of patients with a
best overall disease response of CR or partial response. In JULIET,
response was evaluated by a central independent review committee
using the 2014 Lugano Classification,?® in which CR did not
include unconfirmed CR. In CORAL, response was measured by an
investigator using the 1999 International Working Group (IWG)
response criteria,?” in which unconfirmed CR was included under
CR. Responses for the JULIET patients were assessed among the
JULIET main cohort only; that is, patients treated or intended to
receive tisagenlecleucel from the US manufacturing facility (FAS,
N = 98; ITT, N = 146), per the JULIET study protocol. For both
studies, patients with unknown response or without an index treat-
ment were considered nonresponders.
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Patients with a potential index treatment
of 3L+ (excluding autoHCT
and unknown treatment)

Aged >18 years on potential index date
N =297

With non-missing potential index date
N = 267

Histologically confirmed DLBCL or transformed lymphoma*
N =267

Histologically confirmed disease after >2 lines of chemotherapy, including
rituximab, and previous autoHCT was allowed?
N =264

ECOG performance status of O or 1 within a month before or on the potential index date*
N =258

Exclude patients with CNS involvement on the potential index date*
N =252

Exclude patients who previously received alloHCT before the potential index date
N =252

Exclude patients with primary mediastinal large B-cell lymphoma
N =252

N =170
FAS FAS
unadjusted analyses adjusted analyses
N =170 N =145

ITT population
Patients eligible for a potential index
treatment of 3L+ (excluding autoHCT)
N =205%

Figure 1. Sample selection for the CORAL follow-up FAS and ITT populations. *All patients in CORAL follow-up were assumed to have histologically confirmed

DLBCL or transformed lymphoma based on the CORAL studies.®>' TCORAL patients were randomly assigned to receive rituximab-based 2L treatment, although 3 patients

did not ultimately receive rituximab in 2L and were excluded in this step. *A large proportion of patients in CORAL follow-up did not have an Eastern Cooperative Oncology

Group (ECOG) or central nervous system (CNS) assessment; those with a missing/unknown ECOG status or CNS assessment were included in the analyses to preserve

the sample size. *The ITT population had N = 205 in both the adjusted and unadjusted analyses.

Primary analyses

Unadjusted analysis for OS and ORR. The number of prior
lines was identified as a prognostic factor that was important to bal-
ance across groups (supplemental Table 1). Thus, for CORAL
follow-up patients with multiple treatments that qualified as potential
index treatments, the index treatment line that was more common in
JULIET was selected as the index treatment in CORAL follow-up.
Not all patients in the CORAL follow-up ITT population received a
qualified index treatment; in cases of missing index treatments, the
selection was performed on potential index dates. When the
selected index treatment initiation date was unknown, the date of
last treatment failure was used as the index date.

2538 MAZIARZ et al

After the selection of index treatments/date, the median OS with
corresponding 95% confidence interval (Cl) and unadjusted hazard
ratios (HRs) with corresponding 95% Cls, comparing tisagenlecleu-
cel vs historical control treatments, were reported. Kaplan-Meier
curves of OS were generated. The ORR was compared as the dif-
ference in response rate between tisagenlecleucel and historical
control treatments, with 95% Cls estimated.

Adjusted analysis for OS and ORR. The selection of the
index treatment of CORAL follow-up patients with multiple index-
qualifying treatments was conducted similarly to the unadjusted
analyses. A generalized linear model with logit link was used to
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Table 1. Index treatment selected for the CORAL follow-up population

Index treatment of CORAL follow-up FAS*

Unadjusted analyses
CORAL follow-up (N = 170)

Adjusted analyses
CORAL follow-up (N = 145)

Any chemotherapy (monotherapy or combination)

151 (88.82%)

136 (93.79%)

Immunotherapy
Rituximab-based treatment
Ofatumumab-based treatment
Lenalidomide-based treatment
alloHCT

Best supportive care

49 (28.82%) 44 (30.34%)
48 (28.24%)
1 (0.59%)
1 (0.59%)

19 (11.18%)

43 (29.66%)
1 (0.69%)
1 (0.69%)

16 (11.08%)

7 (4.12%) 6 (4.14%)

Index treatment of CORAL follow-up ITT*

Unadjusted analyses
CORAL follow-up (N = 205)

Adjusted analyses
CORAL follow-up (N = 205)

Without documented 3L+ index treatments
With documented 3L+ treatments
Any chemotherapy (monotherapy or combination)
Immunotherapy
Rituximab-based treatment
Ofatumumab-based treatment
Lenalidomide-based treatment
alloHCT

Best supportive care

140 (76.09%)

21 (10.24%) 21 (10.24%)
143 (77.72%)
45 (24.46%)
44 (23.91%)
1 (0.54%)
1 (0.54%)

45 (24.46%)
44 (23.91%)
1 (0.54%)
1 (0.54%)
19 (10.33%)
7 (3.80%)

19 (10.33%)
6 (3.26%)

*Some patients received >1 treatment in the same line of therapy; therefore, the categories are not mutually exclusive. Brentuximab vedotin, ibrutinib, axi-cel, and polatuzumab vedotin
were also considered as potential index treatments; however, no patients received these therapies.

estimate the propensity score per-patient per-line to be enrolled/
treated in JULIET based on the confounders. The therapy line
with the highest propensity score was selected as the index
treatment.

After the selection of the index treatment/date, propensity score
weighting based on both standardized mortality ratio weight
(SMRW) and fine stratification weight (FSW) was used to minimize
confounding and obtain an unbiased HR. The bootstrapping
approach was used to estimate the 95% ClI for HRs. Kaplan-Meier
curves were generated for OS after propensity score weighting.

Potential confounders for the adjusted analyses were identified
based on a systematic literature search (data on file, Novartis) and
ranked by clinical experts as “not important,” “less important,” or
“very important” (supplemental Table 1). Only confounders deemed
as less important or very important with =80% nonmissing values
for both JULIET and CORAL follow-up patients were used in the
adjusted analyses. Patients with missing values for the selected con-
founders were excluded from the adjusted analyses.

Comparison of baseline characteristics. Continuous base-
line characteristics were summarized by using mean, standard devi-
ation, and median. Binary and categorical baseline characteristics
were summarized by count and proportion. In the unadjusted analy-
ses, statistical comparisons were performed between tisagenlecleu-
cel vs historical control treatments by using Student t tests for
means, Wilcoxon rank sum tests for medians, and XQ tests for cate-
gorical variables (unless the frequency was <5, and then Fisher's
exact tests were used). In the adjusted analyses, standardized mean
differences were estimated comparing tisagenlecleucel and histori-
cal control treatments using SMRW and FSW.
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Sensitivity analyses

Three sensitivity analyses were performed to assess the robustness
of the results. In sensitivity analysis |, the first available index treat-
ment/date was selected for CORAL follow-up patients with multiple
qualifying index treatments/dates. In sensitivity analysis I, all relevant
confounders considered "very important" or "less important" were
used in the adjusted analyses regardless of the missing data per-
centage. In sensitivity analysis lll, CORAL follow-up patients were
required to have received first-line rituximab.

Software

All analyses were conducted by using SAS 9.4 software (SAS Insti-
tute Inc., Cary, NC) and R software version 3.6.3 (R Foundation for
Statistical Computing, Vienna, Austria). Statistical significance was
considered at a level of .05 (« = 0.05).

Results

JULIET FAS vs CORAL follow-up FAS

Sample selection and study populations. For the unad-
justed analyses, the JULIET FAS (N = 114) comprised all patients
who received tisagenlecleucel infusion. In the CORAL follow-up
FAS, 170 of 297 patients who had failed 2L treatment met the sam-
ple selection criteria and had a qualified index treatment in 3L+
(Figure 1).

The adjusted analyses adjusted for age at initial diagnosis, Ann
Arbor disease stage, extranodal site involvement, status of disease
(ie, relapsed after last line, refractory to all lines, refractory to last
line but not all lines), time to 2L start after diagnosis, prior hemato-
poietic cell transplant (HCT), and number of relapses. Due to
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Table 2. Patient characteristics for the JULIET FAS and CORAL follow-up FAS, unadjusted analyses

Characteristic JULIET (N = 114) CORAL Follow-up (N = 170) P
Confounders
Age at initial diagnosis 119

=60y
>60y
Mean * SD, y
Ann Arbor disease stage
lorll
Il or IV
Extranodal site involvement
0-1
=2 extranodal organs
Status of disease
Relapsed after last line

Refractory to all lines

Refractory to last line but not to all lines

Time to 2L start after diagnosis
<12 mo
=12 and =24 mo
>24 mo
Serum LDH level
Normal (LDH =ULN)
Elevated (LDH >ULN)
ECOG performance status
0-1
Prior HCTt
Yes
No
No. of relapses excluding refractory*
Mean = SD
Median (minimum, maximum)
Other baseline variables
Age
Mean * SD, y
Sex
Female
Male
Ann Arbor disease stage at diagnosis
lorll
Il or IV
IPI§
<2 risk factors
=2 risk factors
No. of prior lines of therapies
Mean *= SD

Median (minimum, maximum)

82 (71.9%)
32 (28.1%)
51.1 =129

26 (22.8%)
88 (77.2%)

64 (56.1%)
50 (43.9%)

51 (44.7%)
22 (19.3%)
41 (36.0%)
62 (55.9%)
27 (24.3%)

22 (19.8%)

46 (40.4%)
68 (59.6%)

114 (100.0%)

56 (49.1%)
58 (50.9%)

1.4 =10

1.0 (0.0, 4.0)

53.7 (13.1)

44 (38.6%)
70 (61.4%)

33 (30.3%)
76 (69.7%)

30 (26.3%)
84 (73.7%)

28 +1.0
3.0 (1.0, 6.0)

137 (80.6%)

33 (19.4%)

50.1 = 11.2 527
161

45 (31.5%)

98 (68.5%)

.001*
111 (76.6%)
34 (23.4%)
.359
89 (52.4%)
24 (14.1%)
57 (33.5%)
417
82 (48.2%)
45 (26.5%)
43 (25.3%)
411
48 (34.5%)
91 (65.5%)
33 (100.0%)
678
78 (45.9%)
92 (54.1%)
1.5 = 0.9 .703
2.0 (0.0, 5.0) 583
53.0 (11.3) 629
.659
60 (35.3%)
110 (64.7%)
106
69 (40.6%)
101 (59.4%)
012
14 (12.3%)
100 (87.7%)
23+ 0.7 <.001*
2.0 (2.0, 6.0) <.001*

Unless otherwise indicated, numbers and percentages were only summarized among non-missing observations. —, p not calculated; ECOG, Eastern Cooperative Oncology Group; IPI,
International Prognostic Index; LDH, lactate dehydrogenase; SD, standard deviation; ULN, upper limit of normal.

*P < .05.

tPrior HCT only included prior autoHCT because records with prior alloHCT were excluded.

$The number of relapses was defined as the total number of lines before the index treatment where patient had a CR or partial response and relapsed later.
§The IPI includes the following risk factors: age >60 years, elevated LDH, stage lll or IV disease, ECOG performance status =2, and =2 extranodal sites.
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missing data on selected confounders, 145 patients were included
in the CORAL follow-up FAS for comparison with 111 patients in
the JULIET FAS for the adjusted analyses.

Index treatment. |n the unadjusted and adjusted analyses, the
most common index treatment line in both the JULIET FAS and the
CORAL follow-up FAS was 3L (unadjusted, 43.9% and 80.6%,
respectively; adjusted, 45.0% and 81.4%), followed by fourth line
(4L) (unadjusted, 31.6% and 12.9%; adjusted, 30.6% and 13.1%)
(supplemental Table 2). The proportion of patients with 3L was
much higher in CORAL follow-up FAS than in JULIET FAS. The
most common index treatment among the CORAL follow-up FAS
was chemotherapy in the unadjusted and adjusted analyses (88.8%
and 93.8%), followed by immunotherapy (28.8% and 30.3%),
alloHCT (11.2% and 11.0%), and best supportive care (4.1% in
both) (Table 1). All patients in the JULIET FAS received tisagenle-
cleucel infusion as the index treatment.

Baseline characteristics. The unadjusted baseline character-
istics for the JULIET FAS and CORAL follow-up FAS are presented
in Table 2. Most baseline characteristics were balanced bet-
ween groups.

The propensity score-weighted baseline characteristics for the
JULIET FAS and CORAL follow-up FAS are presented in supple-
mental Table 3. The JULIET FAS and CORAL follow-up FAS were
well balanced across variables used to estimate the propensity
score in both the FSW and SMRW approaches, reflected by all
standardized mean differences <0.1. For the variables not included
in the propensity score adjustment, few residual differences
remained.

Comparison of efficacy. OS. Tisagenlecleucel was associated
with a significantly lower hazard of death, by 46% in the unadjusted
analyses (HR [95% CI], 0.54 [0.41, 0.73]) and 56% in the adjusted
analyses, with either FSW or SMRW (both HR [95% CI], 0.44
[0.32, 0.59]; all, P < .001) compared with historical control treat-
ment (Table 3). The adjusted OS rate at 12 months was 50% for

the JULIET FAS vs 19% for the CORAL follow-up FAS; at 48
months, the adjusted OS rates were 38% and 9%, respectively,
regardless of adjustment approach (Figure 2).

ORR. Tisagenlecleucel was associated with a significantly higher
ORR, with a response rate of 55% compared with 31% for histori-
cal control treatment (difference, 25% [95% CI, 12%, 37%]) in the
unadjusted analyses (Table 3). In the adjusted analyses, using either
FSW or SMRW, tisagenlecleucel had a significantly higher ORR,
with a response rate of 57% vs 21% for historical control treatment
(difference, 36% [95% CI: FSW, 22%, 48%; SMRW, 23%, 48%];
all, P < .001).

Sensitivity analyses. The findings from the 3 sensitivity analy-
ses were consistent with the results of the primary analysis. Tisagen-
lecleucel was associated with significantly lower hazards of death
than historical control treatment, using both FSW and SMRW, in
each case (supplemental Table 4).

JULIET ITT vs CORAL follow-up ITT populations

Sample selection and study populations. For the unad-
justed analyses, 205 of 297 patients who failed 2L treatment in
CORAL met the selection criteria for the CORAL follow-up ITT pop-
ulation (Figure 1). The JULIET ITT population included all patients
enrolled in JULIET (N = 166).

For the adjusted analyses, confounders with <20% of missing data,
including age at initial diagnosis, status of disease, time to 2L start
after diagnosis, prior HCT, and number of relapses, were consid-
ered. Due to missing data for selected confounders, 205 patients in
the CORAL follow-up ITT were compared with 163 patients in the
JULIET ITT in the adjusted analyses (Figure 1).

Index treatment. For the unadjusted and adjusted analyses, the
most common index treatment line in both the JULIET ITT and
CORAL follow-up ITT populations was 3L (unadjusted, 43.4% and
76.6%, respectively; adjusted, 44.2% and 77.6%), followed by 4L

Table 3. Comparison of OS and ORR for the JULIET FAS vs CORAL follow-up FAS

N Median (95% CI) OS, mo HR (JULIET vs CORAL follow-up)
Method JULIET CORAL follow-up JULIET CORAL follow-up Estimate (95% CI) P
Unadjusted analyses 114 170 11.07 (6.64, 23.85) 5.36 (4.34, 6.37) 0.54 (0.41, 0.73) <.001*
Adjusted analysest
FSW 111 145 12.48 (6.64, 28.68) 4.40 (3.48, 5.45) 0.44 (0.32, 0.59) <.001*
SMRW 111 145 12.48 (6.64, 28.68) 4.34 (3.48, 5.39) 0.44 (0.32, 0.59) <.001*

Response rate difference

N ORR (%) (JULIET main cohort vs CORAL follow-up)
JULIET main cohort CORAL follow-up JULIET main cohort CORAL follow-up Estimate (95% CI) P
Unadjusted analyses 98 170 55% 31% 0.25 (0.12, 0.37) <.001*
Adjusted analysest
FSW 95 145 57% 21% 0.36 (0.22, 0.48) <.001*
SMRW 95 145 57% 21% 0.36 (0.23, 0.48) <.001*
*P < .05.

tAge at initial diagnosis, Ann Arbor disease stage, extranodal site involvement, status of disease, time to 2L start after diagnosis, prior HCT, and number of relapses were included in

the adjusted analyses.
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Figure 2. OS of the JULIET FAS vs CORAL follow-up FAS populations. Adjusted analyses using FSW (A) and SMWR (B). *P < .05.

(unadjusted, 31.3% and 15.6%; adjusted: 30.7% and 16.1%) (sup-
plemental Table 2). The proportion of patients with 3L was much
higher in CORAL follow-up ITT than in JULIET ITT. In the CORAL
follow-up ITT population, 10.2% had no index treatment (Table 1).
Among patients in the CORAL follow-up ITT population with docu-
mented 3L+ treatments, the majority received chemotherapy mono-
therapy or combination therapy as the index treatment (adjusted,
76.1%; unadjusted, 77.7%). In the JULIET ITT population, 31.3%
(52 of 166) and 31.9% (52 of 163) did not receive tisagenlecleucel
infusion as the index treatment in the unadjusted and adjus-
ted analyses.

Baseline characteristics. Some significant differences were
observed between the unadjusted baseline characteristics of the
JULIET ITT and CORAL follow-up ITT populations (Table 4).

The adjusted baseline characteristics for the JULIET ITT and
CORAL follow-up ITT populations post—propensity score weight-
ing are presented in supplemental Table 5. For variables included
in the propensity score model, the weighted means were largely
balanced after SMRW and FSW (the absolute values of the stan-
dardized mean difference were <0.1 or slightly >0.1). For varia-
bles not included in the model, some variables such as the
proportion with =2 International Prognostic Index risk factors
remained unbalanced.

2542 MAZIARZ et al

Comparison of efficacy. OS. Compared with the analyzed
historical control treatments, tisagenlecleucel was associated
with a significantly lower hazard of death, by 35% (HR [95% CI],
0.65 [0.51, 0.83]) in the unadjusted comparison, and by 40%
and 43% with FSW (HR [95% CI], 0.60 [0.44, 0.77]) and
SMRW (HR [95% CI], 0.57 [0.44, 0.73]; all, P < .001) in the
adjusted comparison, respectively (Table 5). Using FSW or
SMRW, the OS rates at 12 and 48 months were 42% and 30%
for the JULIET ITT population, respectively (Figure 3). The OS
rates at 12 and 48 months for the CORAL follow-up ITT popula-
tion were 22% and 14%, respectively, with FSW and 22% and
13% with SMRW.

ORR. The ORR was comparable between tisagenlecleucel (37%)
and historical control (30%) treatments in the unadjusted analysis,
with a response rate difference of 7% (95% ClI, [-8%, 179%];
P = .191) (Table 5). However, tisagenlecleucel was associated
with a significantly higher ORR (38%) compared with historical con-

trol treatment (27%) in the adjusted analyses with SMRW (differ-
ence of 11% [95% CI, 0%, 22%]; P = .043). In the adjusted
analyses with FSW, the ORR associated with tisagenlecleucel
(38%) was numerically but not significantly higher than that of
historical control treatments (29%), with a difference of 9% (95%
Cl, —1%, 20%; P = .097).
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Table 4. Patient characteristics for the JULIET ITT and CORAL follow-up ITT populations, unadjusted analyses

Characteristic JULIET (N = 166) CORAL follow-up (N = 205) P
Confounders
Age at initial diagnosis .001*
=60y 107 (64.5%) 166 (81.0%)
>60y 59 (35.5%) 39 (19.0%)
Mean * SD, y 53.3 = 12.7 499 = 11.4 .007*
Ann Arbor disease stage .028*
lorll 35 (21.1%) 49 (32.7%)
Il or IV 131 (78.9%) 101 (67.3%)
Extranodal site involvement <.001*
0-1 94 (56.6%) 116 (76.3%)
=2 extranodal organs 72 (43.4%) 36 (23.7%)
Status of disease .318
Relapsed after last line 68 (41.0%) 100 (48.8%)
Refractory to all lines 30 (18.1%) 31 (15.1%)
Refractory to last line but not to all lines 68 (41.0%) 74 (36.1%)
Time to 2L start after diagnosis 112
<12 mo 94 (67.7%) 99 (48.3%)
=12 and =24 mo 41 (25.2%) 54 (26.3%)
>24 mo 28 (17.2%) 52 (25.4%)
Serum LDH level 1.000
Normal (LDH = ULN) 59 (35.5%) 50 (35.2%)
Elevated (LDH > ULN) 107 (64.5%) 92 (64.8%)

ECOG performance status -

0-1 166 (100.0%) 31 (100.0%)

Prior HCTt .554
Yes 74 (44.6%) 84 (41.0%)
No 92 (55.4%) 121 (59.0%)

No. of relapses excluding refractory+
Mean += SD 1.4+ 09 1.4 =09 .636
Median (minimum, maximum) 1.0 (0.0, 4.0) 2.0 (0.0, 5.0) 528

Other baseline variables

Age, y
Mean * SD, y 55.8 = 12.9 52.7 = 1156 .016*
Sex .965
Female 62 (37.3%) 75 (36.6%)
Male 104 (62.7%) 130 (63.4%)
Ann Arbor disease stage at diagnosis .033*
lorll 42 (26.4%) 77 (37.6%)
Il or IV 117 (73.6%) 128 (62.4%)
IPI§ 172
<2 risk factors 33 (19.9%) 15 (12.9%)
=2 risk factors 133 (80.1%) 101 (87.1%)

No. of prior lines of therapies
Mean = SD 29 *+ 1.2 2.3 £0.7 <.001*

Median (minimum, maximum) 3.0 (1.0, 8.0) 2.0 (2.0, 6.0) <.001*

Unless otherwise indicated, numbers and percentages were only summarized among non-missing observations. —, p not calculated; ECOG, Eastern Cooperative Oncology Group; IPI,
International Prognostic Index; LDH, lactate dehydrogenase; SD, standard deviation; ULN, upper limit of normal.

*P < .05.

tPrior HCT only included prior autoHCT because records with prior alloHCT were excluded.

$The number of relapses was defined as the total number of lines before the index treatment in which the patient had a CR or partial response and relapsed later.

§The IPIl includes the following risk factors: age >80 years, elevated LDH, stage lll or IV disease, ECOG performance status =2, and =2 extranodal sites.
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Figure 3. OS for the JULIET ITT vs CORAL follow-up ITT populations. Adjusted analyses using FSW (A) and SMWR (B). *P < .05.

Sensitivity analyses.

The findings from the 3 sensitivity analy-

Discussion

ses were consistent with the primary analysis results. After adjusting

for confounders, tisagenlecleucel was associated with significantly
lower hazards of death than historical control treatment, using both

FSW and SMRW, in each case (supplemental Table 6).

With tisagenlecleucel as a novel therapy for r/r DLBCL, it is valuable
to understand its comparative effectiveness vs conventional thera-

pies to guide patient access and treatment selection. In the absence

Table 5. Comparison of OS and ORR for the JULIET ITT vs CORAL follow-up ITT populations

N Median (95% CI) OS, mo HR (JULIET vs CORAL Follow up)
Method CORAL follow-up JULIET CORAL follow-up Estimate (95% CI) P
0s
Unadjusted analyses 205 8.25 (5.82, 11.70) 5.13 (3.88, 6.21) 0.65 (0.51, 0.83) <.001*
Adjusted analysest
FSW 205 8.25 (5.82, 12.42) 4.86 (3.52, 6.08) 0.60 (0.44, 0.77) <.001*
SMRW 205 8.25 (5.82, 12.42) 4.04 (3.25, 5.75) 0.57 (0.44, 0.73) <.001*
Response rate difference
ORR, (%) (JULIET Main Cohort vs CORAL Follow-up)
Method JULIET main cohort CORAL follow-up JULIET main cohort CORAL follow-up Estimate (95% CI) P
ORR
Unadjusted analyses 205 37% 30% 0.07 (-0.03, 0.17) 191
Adjusted analysest
FSW 205 38% 29% 0.09 (-0.01, 0.20) .097
SMRW 205 38% 27% 0.11 (0.00, 0.22) .043*
*P < .05.

tAge at initial diagnosis, status of disease, time to 2L start after diagnosis, prior HCT, and number of relapses were included in the adjusted analysis.
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of head-to-head trials, this study used patient-level data from JULIET
and the CORAL follow-up period to indirectly compare the treat-
ment effects of tisagenlecleucel and historical control treatments on
OS and ORR. The results indicated that tisagenlecleucel as a 3L+
treatment was associated with a significantly lower hazard of death
compared with historical control treatment, by 40% to 56%, in the
adjusted main analyses of both the FAS and ITT populations. Fur-
thermore, tisagenlecleucel was associated with a significantly higher
ORR compared with historical control treatments among the FAS
populations, with and without adjustment for differences in con-
founders (by 25% and 36%, respectively), as well as a significantly
higher ORR after SMRW adjustment in the ITT population (by
11%).

The aforementioned findings were consistent across the 3 sensitivity
analyses, attesting to their robustness. In sensitivity analysis |, the
first qualified index treatment was selected for CORAL follow-up
patients, with >90% of patients assigned 3L as the index treatment.
This comparison was conservative against tisagenlecleucel given
CORAL follow-up patients who would be assigned a 4L and above
(4L+) index treatment may have been assigned a 3L index treat-
ment, and OS would be longer among patients assigned 3L vs
4L+. Nevertheless, the results confirmed that tisagenlecleucel was
associated with significant clinical benefits compared with historical
control treatment. In sensitivity analysis I, which included all relevant
confounders regardless of missing percentage, tisagenlecleucel
was associated with a significantly longer OS compared with histori-
cal control treatment in both the FAS and ITT populations. In sensi-
tivity analysis lll, in which CORAL follow-up patients who received
first-line rituximab were selected for a more conservative match to
the JULIET FAS and ITT populations, the differences in OS between
tisagenlecleucel and historical control treatment remained signifi-
cant. An additional comparison was performed between CORAL
follow-up patients and the 68 JULIET patients who were determined
to be evaluable for efficacy by the US Food and Drug Administra-
tion. The results were very similar to what was observed in the main
analysis when including the entire FAS population (supplemental
Table 7).

To our knowledge, only one other study has compared a CAR-T cell
therapy vs historical control treatment as 3L+ treatment of r/r
DLBCL using patient-level data. Specifically, Neelapu et al*® com-
pared the 2-year clinical outcomes with conventional chemotherapy
vs with axi-cel using data from the SCHOLAR-1 and ZUMA-1
(Study Evaluating the Safety and Efficacy of KTE-C19 in Adult Par-
ticipants With Refractory Aggressive Non-Hodgkin Lymphoma)
studies, respectively, using propensity scoring to create similar
patient populations. The study reported that axi-cel was associated
with a higher ORR and CR rate vs conventional chemotherapy
(ORR and CR, 83% and 54% in ZUMA-1 vs 34% and 12% in
SCHOLAR-1, respectively). The 2-year OS was reported to be
54% in ZUMA-1 and 20% in SCHOLAR-1, with a 73% reduction
in the hazard of death comparing axi-cel with conventional chemo-
therapy. Neelapu et al did not include tisagenlecleucel in the
comparison.

There are very few tisagenlecleucel-focused studies with which to
compare the current findings. In a European Medicines Agency
(EMA) assessment report, a matching adjusted indirect comparison
using individual patient-level data (with an earlier data-cut of JULIET
vs the present data) and pooled aggregate CORAL follow-up
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data®?" indirectly compared OS and ORR between tisagenlecleu-
cel and historical control treatment. The EMA assessment reached
similar conclusions as the current study; tisagenlecleucel was asso-
ciated with a significantly longer OS compared with historical con-
trol treatments (HR [95% Cl]: JULIET FAS, 0.41 [0.31, 0.54];
JULIET ITT, 0.53 [0.42, 0.68]). The current analyses validate the
results of the EMA assessment using a more robust statistical
approach and more complete and current data. The EMA assess-
ment included patients who would not meet JULIET inclusion and
exclusion criteria; conversely, the current study identified compara-
ble CORAL follow-up patients based on JULIET criteria. In addition,
the current study adjusted for more confounders deemed important
by medical experts, enabling a more robust estimate of treatment
effect. Specifically, the EMA study adjusted for sex, International
Prognostic Index, autoHCT as the most recent therapy, and relapse
after autoHCT; our study further adjusted for age at initial diagnosis,
Ann Arbor disease stage, extranodal site involvement, status of dis-
ease, time to 2L start after diagnosis, prior HCT, and number of
relapses. Finally, our study suggests a greater clinical benefit with
respect to ORR (a difference of 36% in the FAS and 11% in the
ITT population with SMRW adjustment) compared with the results
of the EMA assessment (a difference of 12.2% and —5%, respec-
tively). The larger difference in the current study could be due to the
use of a more comparable patient population permitted by patient-
level data from CORAL follow-up.

The current study compared the treatment efficacy of tisagenlecleu-
cel vs historical control treatment in both the FAS and ITT popula-
tions. However, JULIET was conducted early in the clinical use of
tisagenlecleucel; since that time, the manufacturing capacity, pro-
cesses, and logistical management of tisagenlecleucel have been
optimized in commercial real-world environments.?® These optimiza-
tions would enable that a higher proportion of eligible populations
receive tisagenlecleucel earlier in the disease course, potentially
increasing the benefit. Thus, the therapy effect among the ITT popu-
lation observed in early clinical trials of CAR-T therapies may be
underestimated. Future studies using real-world evidence of the effi-
cacy of tisagenlecleucel and historical control treatments will be
valuable to validate the current findings.

The findings of the current study should also be considered in light
of several limitations. First, the distribution of index treatment lines
was not exactly matched between groups, even after line selection,
with JULIET patients being more heavily treated than CORAL
follow-up patients. The majority of CORAL follow-up patients had
3L as the index line (>75%), in which the proportion was only 43%
to 45% in JULIET (for both the FAS and ITT populations). The distri-
bution of index lines did not change much for CORAL patients even
with adjustment (supplemental Table 2); however, adjustment per-
mitted a better balance on baseline characteristics between trials. In
addition, the ITT population of the CORAL follow-up study included
35 patients who did not have a documented 3L treatment. Because
the JULIET ITT population included patients who did not receive
tisagenlecleucel and received other treatments, and outside a clini-
cal trial, their treatments might also be undocumented, these 35
patients were included in the analyses.

Second, lymphoma management has evolved since the conduct of
CORAL, which may explain why there were fewer later lines (4L+)
observed in the CORAL follow-up patients and, as such, less oppor-
tunity for improvement on outcomes. A difference in the type of
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subsequent treatment was also observed. The most commonly
used subsequent treatment was chemotherapy among the CORAL
follow-up patients, whereas immunotherapies, biologic agents, and
chemotherapies were commonly used in the JULIET populations. In
addition, imaging techniques have evolved between the conduct of
CORAL and JULIET; thus, the extranodal involvement variable may
not be fully comparable between JULIET and CORAL follow-up.

Third, certain confounders, such as double/triple gene hits (MYC/
BCL2/BCL6), MYC-IG rearrangement, and bulky disease were con-
sidered important but were unavailable in the CORAL follow-up
data for adjustment (supplemental Table 1). Similarly, certain poten-
tially important confounders such as serum lactate dehydrogenase
level and Eastern Cooperative Oncology Group performance status
could not be adjusted because missingness was >20% in the
CORAL follow-up data.

Fourth, there were differing definitions of clinical response (CORAL
used the 1999 IWG response criteria,2” whereas JULIET used the
2007 revised IWG response criteria®®) and differing response assess-
ment timing between trials; thus, comparisons of OS are more relevant
than comparisons of response. Finally, information on progression-free
survival was not available in the CORAL follow-up patient-level data,
and therefore such comparisons were not feasible.

In summary, this study used patient-level data from JULIET and
CORAL follow-up to indirectly compare OS and ORR associated
with tisagenlecleucel and historical control treatments for r/r DLBCL
after 2L+ of therapy. The benefit of tisagenlecleucel was confirmed
by its significantly higher ORRs and significantly longer OS com-
pared with historical control treatment among both the treated and
ITT populations.
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