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Abstract

Ciltacabtagene autoleucel (cilta-cel) is a chimeric antigen receptor T-cell therapy studied in patients with multiple myeloma
exposed to three classes of treatment in the single-arm CARTITUDE-1 study. To assess the effectiveness of cilta-cel
compared to real-world clinical practice (RWCP), we performed adjusted comparisons using individual patients’ data from
CARTITUDE-1 and LocoMMotion, a prospective, multinational study of patients with multiple myeloma triple-class exposed
of treatment. Comparisons were performed using inverse probability weighting. In CARTITUDE-1, 113 patients were enrolled,
and 97 patients were infused with cilta-cel. In LocoMMotion, 248 patients were enrolled, and 170 patients were included in
the comparisons versus infused patients. Ninety-two unique regimens were used in LocoMMotion, most frequently
carfilzomib-dexamethasone (13.7%), pomalidomide-cyclophosphamide-dexamethasone (13.3%) and pomalidomide-
dexamethasone (11.3%). Adjusted comparisons showed that patients treated with cilta-cel were 3.12-fold more likely to
respond to treatment than those managed by RWCP (response rate, 3.12, 95% confidence interval [95% CI]: 2.24-4.00), had
their risk of progression or death reduced to by 85% (progression-free survival hazard ratio=0.15, 95% CI: 0.08-0.29), and a risk
of death lowered by 80% (overall survival hazard ratio HR=0.20, 95% CI: 0.09-0.41). The incremental improvement in health-
related quality of life from baseline for cilta-cel versus RWCP at week 52, as measured by EORTC QLQ-C30 Global Health
Status, was 13.4 (95% CI: 3.5-23.6) and increased to 30.8 (95% ClI: 21.8-39.8) when including death as additional information
regarding patients’ health status. Patients treated with cilta-cel experienced more adverse events than those managed with
RWCP (any grade: 100% vs. 83.5%). The results from this study demonstrate improved efficacy outcomes of cilta-cel versus
RWCP and highlight its potential as a novel and effective treatment option for patients with multiple myeloma triple-class
exposed of antimyeloma treatment. CARTITUDE-1 is registered with clinicaltrials gov. Identifier: NCT03548207. LocoMMotion
is registered with clinicaltrials gov. Identifier: NCT04035226.
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Introduction

Multiple myeloma (MM) is a hematologic cancer in which
clonal proliferation of malignant plasma cells occurs along
with overproduction of myeloma protein (M-protein).! MM is
a highly heterogeneous cancer associated with a variable
clinical course and significant clinical burden whose severity
progresses over time.>* MM represents 1% of all cancers
worldwide and nearly 10% of hematologic neoplasms." Ap-
proximately 50,000 patients in the European Union and USA
are diagnosed with MM each year, while nearly 30,000 die
during this same time frame.®

Therapies such as immunomodulatory agents, proteasome
inhibitors and monoclonal antibodies have contributed to
meaningful improvements in patients’ outcomes over the
past decade.®™ However, despite these therapeutic ad-
vances, MM remains an incurable disease.?” For MM patients
previously exposed to proteasome inhibitors, immunomodu-
latory agents and anti-CD38 antibodies (“triple-class ex-
posed”), there is currently no standard of care; patients’
outcomes are very poor, and include a median overall sur-
vival of 9.3 months.*® New, more efficacious treatment op-
tions are needed for these patients to extend their survival,
halt disease progression and improve their quality of life*™
Chimeric antigen receptor T-cell (CAR-T) therapy is a novel
approach to treatment that offers potential for long-term
disease control in some hematologic cancers.® Ciltacabta-
gene autoleucel (cilta-cel; INJ-68284528) is an experimental
CAR-T therapy that targets B-cell maturation antigen
(BCMA)." CARTITUDE-1 (clinicaltrials gov. Identifier:
NCT03548207), an open-label, single-arm, clinical trial, in-
vestigated the safety and efficacy of cilta-cel in patients with
triple-class exposed relapsed/refractory MM (RRMM)."8 %
CARTITUDE-1 was designed as a single-arm study be-
cause of the lack of clinical equipoise and the absence
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of an established standard-of-care therapy for patients
with triple-class exposed RRMM, which precluded the per-
formance of a traditional randomized trial. In such situ-
ations, adjusted comparisons of trial outcomes compared
to those observed in an external cohort of similar patients
may provide valuable information on the benefits of cilta-
cel relative to treatments used in clinical practice, thereby
creating an external control arm. LocoMMotion (clinicaltrials
gov. Identifier: NCT04035226) was designed to be the first
prospective, non-interventional, multinational study of ther-
apies used in real-world clinical practice (RWCP) in triple-
class exposed patients and was designed such that clinical
outcome measures and eligibility criteria were matched to
those of CARTITUDE-1.2°?" In this study, individual patients’
data from CARTITUDE-1 and LocoMMotion were analyzed to
compare the effectiveness of cilta-cel versus currently
available real-world clinical practice (RWCP), therapies in
patients with triple-class exposed RRMM.

Methods

A synopsis of the study methods is provided below. De-
tailed descriptions regarding data sources, design, out-
comes and approach to analysis are provided in the Online
Supplementary Appendix S1.

Individual patients’ data from the CARTITUDE-1 trial (clini-
caltrials gov. Idenfifier: NCT03548207, data cut July 2021)
and the LocoMMotion prospective, multinational, non-in-
terventional cohort study (clinicaltrials gov. Idenfifier:
NCT04035226, data cut May 2021) were used to conduct
adjusted comparisons between the effects of cilta-cel and
RWCP. In CARTITUDE-1, 113 patients were enrolled and
underwent apheresis. Sixteen patients discontinued the
study between apheresis and infusion with cilta-cel. Data

Figure 1. Selection of patients for the CARTITUDE-1 and LocoMMotion populations. Patients in CARTITUDE-1 were treated with
ciltacabtagene autoleucel, patients in the LocoMMotion study were treated with real-world clinical practice.
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from the set of 97 patients infused with cilta-cel in CAR-
TITUDE-1 were compared with the data from the set of
170 patients from LocoMMotion, who were progression-
free 52 days after treatment initiation (Online Supplemen-
tary Appendix S2). These groups are referred to as the
infused/aligned populations. Second, analyses were also
performed involving the 113 patients enrolled in CARTI-
TUDE-1, along with all 248 patients enrolled in LocoMMo-
tion, referred to as the enrolled populations.

In CARTITUDE-1, the index date was the date of apheresis
for the enrolled population and the date of infusion for
the infused population. The index date for the enrolled
population from LocoMMotion was the date of treatment
initiation, while the date of treatment initiation plus 52
days was used for the aligned population.

Overall response rate (ORR), very good partial response or
better (2VGPR), complete response or better (=CR), pro-
gression-free survival (PFS) and overall survival (OS) were
compared between cilta-cel and RWCP. Two patient-re-
lated outcomes, the EuroQoL Group’s EQ visual analog
scale (EQ VAS) and the European Organization for the Re-
search and Treatment of Cancer Quality of Life Question-
naire (EORTC QLQ-C30) global health status (GHS) were
measured over time and were compared without adjust-
ment. The frequency and severity of adverse events were
also compared.

Adjusted comparisons between cilta-cel and RWCP were
performed using inverse probability weighting methods to
estimate the average treatment effect in the treated
population (IPW-ATT). The prognostic baseline character-
istics to be adjusted for in the statistical analyses were
based upon a review of the literature and consultations
with clinical experts. The degree of imbalance between
groups was assessed using standardized mean differ-
ences, with values >0.2 considered to reflect importance
differences. Weighted logistic regression was used for re-
sponse outcomes to estimate odds ratios (OR) with 95%
confidence intervals (95% Cl), transformed to response-
rate ratios (RR). Weighted Cox proportional hazards re-
gression was used to estimate hazard ratios (HR) with
corresponding 95% CI. Sensitivity analyses using overlap
weighting?? (ATO) and multivariable regression analyses in-
cluding the same prognostic variables as covariates in the
models to estimate the relative treatment effects were
performed. Given the wide range of treatment regimens
used in RWCP, two sensitivity analyses were performed to
explore the impact of this on the relative treatment effect.
Subgroups of patients treated with novel therapies (im-
munomodulatory agents, proteasome inhibitors, mono-
clonal antibodies, selinexor and belantamab) and patients
treated with a combination of three or more therapies
were explored.

The sponsor together with the investigators designed the
comparative study, were involved in the data analysis and
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interpretation and the writing of the manuscript. CARTI-
TUDE-1 and LocoMMotion, funded and conducted by the
sponsor, were performed in accordance with the Declar-
ation of Helsinki and International Conference on Har-
monisation guidelines for Good Clinical Practice. An
independent ethics committee/institutional review board
at each study center approved the protocols.

Results

Patient populations

Two populations of patients were analyzed: the
infused/aligned and enrolled cohorts. The infused cohort
for CARTITUDE-1 consisted of 97 patients™ and its aligned
population from LocoMMotion contained 170 patients. The
enrolled cohort contained 113 patients from CARTITUDE-1
and 248 patients from LocoMMotion (Figure 1).

Treatment regimens received in real-world clinical practice
In total, 92 unique regimens were used in LocoMMotion.
A full list of the treatments received at baseline is pro-
vided in Online Supplementary Appendix S3. Treatment
regimens most commonly received at baseline by patients
in the RWCP cohort were carfilzomib-dexamethasone
(12.9%), pomalidomide-cyclophosphamide-dexametha-
sone (10.9%) and pomalidomide-dexamethasone (9.7%).
The ten most frequently used regimens at baseline were
given to 54.7% of all patients, and 43 patients (17.3%) re-
ceived a regimen that was not received by any other pa-
tient in the sample. Selinexor, available only in the USA
during study recruitment for LocoMMotion, was used
twice. Belantamab mafodotin was approved in the USA
and European Union for 3 months during the LocoMMo-
tion recruitment period and was received by seven pa-
tients in their line of treatment of interest (in 5 cases as
monotherapy, in 2 cases in combination regimens).

Prognostic value of baseline characteristics

The following baseline characteristics were considered a
priori to be prognostic and adjusted for in the comparative
analyses: refractory status, International Staging System
(ISS), time to progression on last prior line of treatment,
presence of extramedullary disease, number of prior lines
of treatment, years since MM diagnosis, average duration of
prior lines of treatment, age, sex, hemoglobin, lactate de-
hydrogenase level, creatinine clearance, Eastern Cooper-
ative Oncology Group performance status (ECOG PS), MM
type, history of stem cell transplant, race and cytogenetic
risk. The prognostic value of these baseline characteristics
was explored first in the LocoMMotion cohort (Online Sup-
plementary Appendix S6). Refractory status, ISS stage, time
to progression on last prior line of treatment, hemoglobin
concentration, and ECOG PS were shown to be signifi-
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cantly associated with outcomes. However, in a combined baseline characteristics for response rates and PFS were
analysis of CARTITUDE-1 and LocoMMotion using a multi- generally similar (Online Supplementary Appendix S6).
variable model, only ISS stage and ECOG PS retained a

statistically significant influence on survival, as there are Comparative analysis of efficacy endpoints

associations between baseline characteristics (Online Infused/aligned populations

Supplementary Appendix S6). The prognostic value of the Table 1 shows the baseline characteristics before and

Table 1. Demographic balance between groups before and after inverse probability weighting for the infused/aligned population.

Cilta-cel Pre-IPW ATT Post-IPW ATT
Covariate Categories (CAII:'EI;_',UD;-D RWCP cohort <D RWCP cohort D
(N=97), % (N=170), % (N=108), %
< Double 12.4 28.2 0.85 9.3 0.17
Refractory status Triple 8.2 27.6 7-6
y Quadruple 37.1 27.1 32.0
Penta 42.3 17.1 51.1
I 62.9 35.9 0.62 65.4 0.06
ISS stage at study entry Il 22.7 28.2 23.0
11 14.4 35.9 11.5
, : . <3 37.1 22.4 -0.33 40.4 0.07
Time to progression on prior LOT, months -3 62.9 77 6 59.6
Extramedullary disease Yes 13.4 12.4 -0.03 21.9 0.23
y No 86.6 87.6 78.1
: <4 34.0 51.2 0.35 31.6 -0.05
N of prior LOT 5+ 66.0 48.8 68.4
Years since diagnosis <6 46.4 41.8 -0.09 42.5 -0.08
9 6+ 53.6 58.2 575
<8.14 20.6 9.4 0.40 24.5 0.10
Average duration of prior LOT, months 8.14t0 <11.76 22.7 17.6 22.8
11.76+ 56.7 72.9 52.7
Age. vears <65 years 63.9 35.9 -0.58 70.5 0.14
ge.y 65+ years 36.1 64.1 29.5
. <12 92.8 71.2 -0.59 95.9 0.14
Hemoglobin, g/dL 12+ 7.2 28.8 4.1
: <280 87.6 74.7 -0.34 88.8 0.04
LDH, units/L 280+ 12.4 25.3 11.2
<60 17.5 40.6 0.60 14.3 0.17
Creatinine clearance, mL/min 60 - <90 30.9 31.8 27.2
90+ 51.5 27.6 58.5
0 40.2 27.1 -0.50 33.4 -0.14
Bl 1 59.8 72.9 66.6
Sex Male 58.8 52.9 -0.12 62.8 0.08
Female 41.2 471 37.2
IgG 58.8 42.4 -0.33 61.2 0.05
LIS Non-lgG 412 57.6 38.8
Summary diagnostics
SMD with absolute value >0.2, N (%) 11/14 (78.6) 1/14 (7.1)
Mean absolute SMD 0.41 0.11

The pre-weighting and post-weighting distributions of demographics by intervention group are shown. Standardized mean
differences >0.2 were considered to indicate differences between groups. Cilta-cel: ciltacabtagene autoleucel; IPW: inverse
probability weighting; ATT: average treatment effect in the treated population; RWCP: real-world clinical practice; SMD:
standardized mean difference; ISS: International Staging System; LOT: lines of therapy; LDH: lactate dehydrogenase; ECOG PS:
Eastern Cooperative Oncology Group Performance Status; MM: multiple myeloma; IgG: immunoglobulin G.
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after weighting for the base case including refractory
status, ISS stage, time to progression on last prior line of
treatment, presence of extramedullary disease, number of
prior lines of treatment, years since MM diagnosis, average
duration of prior lines of treatment, age, sex, hemoglobin
concentration, lactate dehydrogenase level, creatinine

M.V. Mateos et al.

clearance, ECOG PS and MM type. The models including
the extended variables are shown in sensitivity analyses
(Online Supplementary Appendix S4, section 3.4.3 sensitiv-
ity analyses, Online Supplementary Appendix S7). Prior to
reweighting of the infused/aligned populations, examin-
ation of standardized mean differences found imbalances

A 100% — B 100% —
? —e— Cilta-cel e —e— Cilta-cel
" —— RWCP Unadjusted . —e— RWCP Unadjusted
90% - RWCPATT % .- RWCPATT
80% —| 80% —|
70% —| 70% |
% 60% — < 60% —
i X
2 i3 <
c T ©
10 R E— R B i i i i i S i S S 50%
(0] =
@ (]
T 40% T 40% -
] o
@ o)
g 30% - 30% —
o
o
20% — 20% —
10% — _ 10% —
Unadjusted: HR 0.19[0.12; 0.29] Unadjusted: HR 0.28 [0.16; 0.49]
ATT weighted: HR 0.15 [0.08; 0.29] ATT weighted: HR 0.20 [0.09; 0.41]
0% — 0% —|
T T T T T T T T T T T T T T T T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 o 3 6 9 12 15 18 21 24 27 30 33 36
Time from Index date (months) Time from Index date (months)
N of patients still at risk N of patients still at risk
Cita-cel 97 95 85 77 74 67 63 36 19 4 1 1 0 Cilta-cel 97 96 91 88 85 81 78 46 23 8 2 1 0

RWCP Unadjusted 170 92 43 26 14 1 0

RWCP Unadjusted 170 145 100 64 34 7 0

19 Vv ’ " »V'%. | "\,(1 96 54 2( 2 0

Figure 2. Unadjusted and adjusted Kaplan-Meier survival curves for the infused/aligned population. (A) Progression-free survival.
(B) Overall survival. Blue lines represent the survival of patients treated with ciltacabtagene autoleucel, the solid red lines rep-
resent the unadjusted survival of patients treated with real-world clinical practice (RMCP) and the dotted orange lines are ad-
justed Kaplan-Meier curves following inverse probability weighting. Cilta-cel: ciltacabtagene autoleucel; ATT: average treatment
effect in the treated population; HR: hazard ratio.

Table 2. Summary of observed and adjusted rates of clinical response in the infused/aligned population.

Observed response

% Adjusted RWCP IPW-ATT IPW-ATT adjusted
© Observed OR . .
Outcome cilt L RWCP response (95% Cl) adjusted OR response-rate ratio
ftta-ce % (95% CI) ° (95% CI) (95% CI)
(N=97) (N=170)
31 63.12 103.87 3.12
ORR 97.9 42.9 (23-41) (15.06-264.53) (24.17-446.37) (2.24-4.00)
17 85.87 91.55 5.67
SUEHR St Ley (11-25) (32.14-229.39) (32.63-256.89) (3.25-8.08)
0 795.29
=CR 825 06 (0-93) (104.01-6081.21) NE NE

Observed and adjusted data comparing rates of clinical response in the infused/aligned population between patients treated with ciltacab-
tagene autoleucel or real-world clinical practice (RWCP). Adjusted comparisons account for the effects of refractory status, International
Staging System stage, time to progression on prior line of treatment, presence of extramedullary disease, number of prior lines of treatment,
years since diagnosis of multiple myeloma, average duration of prior lines of treatment, patients’ age and sex, hemoglobin at index date,
lactate dehydrogenase at index date, creatinine clearance at index date, Eastern Cooperative Oncology Group Performance Status, and type
of multiple myeloma. All comparisons favored ciltacabtagene autoleucel (Cilta-cell). 95% Cl: 95% confidence interval; OR: odds ratio; IPW: in-
verse probability weighting; ATT: average treatment effect in the treated population; ORR: overall response rate; VGPR: very good partial re-
sponse; CR: complete response; NE: not estimable.
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in most of the baseline characteristics. Imbalances can bias
an unadjusted comparison both in favor of and against the
intervention. Here, we found imbalances in both directions,
however, the most important differences were observed for
refractory status, time to progress on prior line of treat-
ment, and average duration of prior lines of treatment,
which suggest that the CARTITUDE-1 population had more
aggressive myeloma. After IPW-ATT weighting, imbalances
between the cilta-cel and RWCP cohorts were greatly re-
duced with all standardized mean differences <0.2, except
for extramedullary disease (standardized mean difference
=0.23) (Table 1; Online Supplementary Appendix S5). Online
Supplementary Appendix S5 further illustrates that propen-
sity score distributions were different before reweighting
and became very similar after reweighting.

Response endpoints

Table 2 summarizes the observed rates and adjusted treat-
ment comparisons for ORR, 2VGPR and =CR. The ORR for
cilta-cel was 97.9% versus 42.9% for RWCP. Rates of 2VGPR
and =CR were 94.8% and 82.5%, respectively, with cilta-cel,
compared to 17.6% and 0.6%, respectively, with RWCP. IPW-
ATT adjusted comparisons favored cilta-cel for ORR
(RR=3.12, 95% ClI: 2.24-4.00; P<0.0001) and =2VGPR (RR=5.67,
95% Cl: 3.25-8.08; P<0.0001). As only one patient (0.6%) in
the RWCP group achieved =CR compared to 80 (82.5%)
with cilta-cel, an IPW-ATT adjusted comparison could not
be estimated; however, the extreme difference in observed
>CR rates between the cilta-cel and RWCP groups reflects
the significantly higher efficacy of cilta-cel.

Progression-free survival
The median PFS in the cilta-cel group was not reached,
while the median PFS for patients in RWCP was 4.34

M.V. Mateos et al.

months (95% CIl: 3.65-5.55). Figure 2A presents the ob-
served and adjusted Kaplan-Meier curves for PFS for both
groups; the IPW-ATT adjusted HR for cilta-cel versus
RWCP was 0.15 (95% ClI: 0.08-0.29; P<0.0001). The propor-
tional hazards assumption was met for all analyses.

Overall survival

In both the cilta-cel and RWCP populations, median OS was
not reached when unadjusted. The median OS for the ad-
justed RWCP population was 11.33 months. Figure 2B pres-
ents Kaplan-Meier curves for OS in both groups. Following
IPW-ATT-based adjustment, the HR comparing groups was
0.20 (95% CI: 0.09-0.41; P<0.0001), favoring cilta-cel. The
proportional hazards assumption was met for all analyses.

Enrolled populations

Prior to reweighting of the enrolled population, examin-
ation of standardized mean differences found imbalances
in nine baseline characteristics; however, after IPW-ATT
weighting had been performed, imbalances between the
cilta-cel and RWCP cohorts were greatly reduced, with all
standardized mean differences below 0.20 (Online Sup-
plementary Appendix S4 and S5).

Response endpoints

Table 3 summarizes the observed rates and adjusted
treatment comparisons for ORR, 2VGPR and =CR. The ORR
for cilta-cel was 84.1% versus 29.8% for RWCP. Rates of
>VGPR and 2CR were 81.4% and 70.8%, respectively, with
cilta-cel, compared to 12.5% and 0.4%, respectively, with
RWCP. After IPW-ATT adjustment, comparisons favored
cilta-cel for each of ORR (RR=4.34, 95% CI: 2.69-6.00;
P<0.0001) and =VGPR (RR=8.08, 95% CIl: 3.63-12.53;
P<0.0001). As only one patient in LocoMMotion achieved

Table 3. Summary of observed and adjusted rates of clinical response in the enrolled population.

Observed response

. Adjusted RWCP IPW-ATT  IPW-ATT adjusted
out A’ Observed OR djusted OR te rati
utcome Cilta-cel RWCP ;esgpsz/ns(:el (95% CI) al jgu:‘ye(“ respon:se‘yrzle ratio
(N=113) (N=248) 6 (95% ClI) (95% ClI) (95% CI)
19.0 12.41 22.00 4.34
ORR 84.1 29.8 (13-27) (7.00-22.00) (11.14-43.35) (2.69-6.00)
10.0 30.67 39.08 8.08
AEIRY S s (6-17) (16.74-56.17) (18.19-83.98) (3.63-12.53)
0 598.79
=CR 08 04 (0-100) (80.60-4,448.22) NE NE

Observed and adjusted data comparing rates of clinical response in the enrolled population between patients treated with ciltacabtagene
autoleucel or real-world clinical practice (RWCP). Adjusted comparisons account for the effects of refractory status, International Staging
System stage, time to progression on prior line of treatment, presence of extramedullary disease, number of prior lines of treatment, years
since MM diagnosis, average duration of prior lines of treatment, patients’ age and sex, hemoglobin at index date, lactate dehydrogenase at
index date, creatinine clearance at index date, Eastern Cooperative Oncology Group Performance Status, and type of multiple myeloma. All
comparisons favored ciltacabtagene autoleucel (Cilta-cel). RWCP: real-world clinical practice; 95% Cl: 95% confidence interval; OR: odds
ratio; IPW: inverse probability weighting; ATT: average treatment effect in the treated population; ORR: overall response rate; VGPR: very good

partial response; CR: complete response; NE: not estimable.
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>CR, IPW-ATT adjusted comparison could not be derived;
however, the extreme difference in observed CR rates be-
tween the cilta-cel and RWCP groups reflects a significant
difference between therapies.

Progression-free survival and overall survival

Results of the unadjusted comparison produced an esti-
mate of effect for PFS that favored cilta-cel (HR=0.23, 95%
Cl: 0.16-0.33; P<0.0001). After IPW-ATT reweighting, the
PFS HR was 0.19 (95% ClI: 0.11-0.32; P<0.0001). The unad-
justed comparison for OS between cilta-cel and RWCP fa-
vored cilta-cel (HR=0.32, 95% CIl: 0.20-0.50; P<0.0001).
Following IPW-ATT based adjustment, the OS HR was 0.32
(95% CI: 017-0.58; P<0.0001), again supporting the unad-
justed results (Figure 3B). The proportional hazards as-
sumption was met for all analyses.

Sensitivity analyses

To assess the robustness of the findings, sensitivity ana-
lyses were performed by using overlap weighting and
multivariable regression (Online Supplementary Appendix
S7) and by including additional baseline characteristics

A
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(race, history of stem cell transplant and cytogenetic risk;
see Online Supplementary Appendix ST for details regard-
ing these variables) for the adjusted analyses. Figure 3
shows consistent results for IPW-ATO and multivariable
regression with the main analyses (IPW-ATT), for both re-
sponse (Figure 3A) and survival endpoints (Figure 3B). The
impact of additionally including race, history of stem cell
transplantation and cytogenetic risk on results was mini-
mal (Online Supplementary Appendix S7), which can be ex-
plained by their low prognostic value. However, including
these additional covariates caused imbalances in the
baseline characteristics in the ATT-based results, which
were balanced in the main analyses. Online Supplemen-
tary Appendix S7 shows results of relative treatment com-
parisons related to use of the extended model including
all available baseline characteristics.

Results from the sensitivity analyses excluding patients
who were not treated with a regimen that included a novel
therapy and excluding patients treated with a single or
combination of two therapies were less stable, but gen-
erally consistent with the overall results (Online Supple-
mentary Appendix S7).

Figure 3. Summary of unadjusted and adjusted comparisons for response and survival outcomes. (A) Forest plots of response
outcomes showing response ratios with corresponding 95% confidence intervals (95% Cl) comparing ciltacabtagene autoleucel
(cilta-cel) versus real-world clinical practice (RWCP) with different analytical methods and for the infused/aligned and enrolled
patient populations. Values >1 favor cilta-cel, values <1 favor RWCP. (B) Forest plots of survival outcomes showing hazard ratios
(HR) with corresponding 95% confidence intervals comparing cilta-cel versus RWCP with different analytical methods and for
the infused/aligned and enrolled patient populations. Values <1 favor cilta-cel, values >1 favor RWCP. RR: response rate ratio;
ORR: overall response rate; IPW: inverse probability weighting; ATT: average treatment effect in the treated population; ATO: aver-
age treatment effect in the overlap population; VGPR: very good partial response; RWCP: real-world clinical practice; OS: overall

survival; PFS: progression-free survival.
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Comparative analyses of patient-reported outcomes

Figure 4A and B shows the evolution of EQ VAS and GHS,
respectively, compared to baseline over time for patients
alive and progression-free. After an initial reduction in
quality of life at day 7, patients in both the cilta-cel* and

M.V. Mateos et al.

RWCP groups demonstrated improved outcomes over
time. Patients treated with cilta-cel experienced continu-
ously improving quality of life over time, as measured by
absolute differences versus baseline on a 0-100 standard-
ized scale for EQ VAS and GHS, which increased from 4.0
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Improvement

Worsening

GHS, adjusted-for-informative-dropout analysis
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Figure 4. Comparisons of patient-reported outcomes. (A) Comparison of EuroQoL Group’s EQ visual analog scale (EQ VAS) of pa-
tients who were alive and did not initiate subsequent therapy. (B) Comparison of EORTC QLQ-C30 global health status (GHS) of
patients who were alive and did not initiate subsequent therapy. (C) Comparison of EQ VAS of patients who were alive and did
not initiate subsequent therapy or died, i.e., adjusted for informative dropout analysis. (D) Comparison of EORTC QLQ-C30 GHS
of patients who were alive and did not initiate subsequent therapy or died, i.e., adjusted for informative dropout analysis; cilta-

cel: ciltacabtagene autoleucel; RWCP: real-world clinical practice.
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and 3.0 at week 4 to 12.6 and 15.6 at week 52, respectively.
Improvements with RWCP were considerably smaller
(from -1.4 and -0.7 at week 4 to 2.3 and 2.2 at week 52).
The differences in improvement versus baseline between
cilta-cel and RWCP increased up to 10.3 (P=0.0076) for EQ
VAS and 13.4 (P=0.0081) for GHS at week 52. The “ad-
justed-for-informative-dropout” analysis, which included
death as additional information regarding patients’ health
status,?* showed thatimprovements for cilta-cel versus
RWCP were 23.7 (P<0.0001) and 30.8 (P<0.0001) for the EQ
VAS and GHS, respectively (Figure 4C, D), illustrating the
conservative nature of the main analysis.

Comparison of safety outcomes

Detailed safety findings for CARTITUDE-1" and LocoMMo-
tion?°2' have been previously reported elsewhere. Unad-
justed comparison of all adverse events showed higher
rates of adverse events for cilta-cel versus RWCP across
organ classes. All patients treated with cilta-cel experi-
enced at least one adverse event, while 83.5% of patients
treated with RWCP had at least one adverse event. This
was also the case for grade 3/4 events (93.8% vs. 49.2%)
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(Table 4). Mateos et al.?" indicated that adverse events
had been underreported for RWCP in LocoMMotion be-
cause of the observational nature of this study. Six
(6.2%) patients treated with cilta-cel and 19 (7.7%) pa-
tients with RWCP experienced an adverse event with an
outcome of death. Cytokine release syndrome and CAR-
T therapy-related neurotoxicites occurred in 95% and
21% of patients in CARTITUDE-1, respectively, and were
manageable.

Discussion

Despite improvements in treatments for patients with MM
in recent years, there is still a pressing need for novel ther-
apies to address unmet treatment needs for patients with
triple-class exposed RRMM. Patients treated with cilta-cel
have demonstrated early, deep and durable clinical re-
sponses and the therapy had a manageable safety profile
within the recent CARTITUDE-1 trial. Due to a lack of an es-
tablished standard of care and clinical equipoise, CARTI-
TUDE-1 was designed as a single-arm trial. Hence, the

Table 4. Summary of adverse events observed with an incidence >25% and of special interest.

Cilta-cel, %

Hematologic AE occurring in 225%

Any grade

Neutropenia 95.9
Anemia 81.4
Thrombocytopenia 79.4
Leukopenia 61.9
Lymphopenia 53.6
Non-hematologic AE occurring in
225% and AE of special interest
Cytokine release syndrome 94.8
Total CAR T-cell neurotoxicities 20.6

ICANS 16.5

Other CAR T-cell neurotoxicities® 12.4
Metabolism and nutrition disorders

Hypocalcemia 32.0

Hypophosphatemia 30.9

Decreased appetite 28.9

Hypoalbuminemia 27.8
Gastrointestinal disorders

Diarrhea 29.9

Nausea 27.8
Other

Fatigue 371

Cough 35.1

AST increased 28.9

ALT increased 24.7

RWCP?, %

Grade 3/4 Any grade Grade 3/4
94.8 15.7 13.3
68.0 25.8 10.9
59.8 23.0 17.7
60.8 7.3 4.8
50.5 6.5 5.6
4.1 NAC NA°
9.3 NA° NAe
2.1 NAC NAe
8.2 NA° NAe
3.1 1.2 0.4
7.2 0.4 0.0
1.0 2.4 0.4
1.0 0.4 0.0
1.0 15.3 .
1.0 9.3 1.2
5.2 12.1 0.8
0.0 3.2 0.0
5.2 1.2 0.4
3.1 1.6 1.2

aAdverse events underreported for real-world clinical practice (RWCP). PEvents not reported as immune effector cell-associated neurotoxicity
syndrome (ICANS) in CARTITUDE-1 (i.e., onset after a period of recovery from cytokine release syndrome [CRS] and/or ICANS); °No chimeric
antigen receptor (CAR) T-cell treatments used in LocoMMotion. Adverse events (AE) 225% and of special interest (CRS, CAR-T cell neuro-
toxicities) are reported for ciltacabtagene autoleucel (cilta-cel) and RWCP for any grade and for grade 3/4 adverse events. NA: not applicable;
ICANS: immune effector cell-associated neurotoxicity syndrome; AST: aspartate aminotransferase; ALT: alanine aminotransferase.
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benefits of cilta-cel need to be compared to those of the
group of therapies used in the context of current clinical
practice. In such situations, adjusted comparisons versus
data from the real world are needed, and this approach has
become highly relevant for health technology assess-
ment.?®*?*® Such adjusted comparisons use statistical
methods to overcome the lack of randomization and the re-
lated potential for confounding bias. The LocoMMotion study
was designed as the first prospective, multinational study
of RWCP interventions in patients with advanced MM. The
LocoMMotion cohort can be considered highly represen-
tative of the clinical population of interest as it includes pa-
tients from nine European countries and the USA, reflecting
RWCP across different settings. The prospective design and
alignment with CARTITUDE-1 guaranteed that eligibility crite-
ria and definitions of all clinically important baseline char-
acteristics and endpoints were identical in both studies,
which allowed the most robust comparisons between cilta-
cel and current RWCP on all relevant endpoints, including
response, PFS, OS, patient-related outcomes and safety.
Given these strengths along with the rigorous analytical ap-
proaches, the findings of this study represent the highest
quality comparative evidence on the benefits of cilta-cel for
patients with triple-class exposed RRMM.

Based upon the analyses performed, clinically and statis-
tically significant advantages with cilta-cel versus outcomes
of RWCP were found for ORR, 2VGPR, 2CR, PFS, OS and pa-
tient-reported outcomes. Patients treated with cilta-cel
were 3.1 times more likely to achieve a response (ORR) com-
pared to RWCP patients and 5.7 times more likely to achieve
2VGPR. Hazard ratios for OS demonstrated a reduced risk of
death by 80% and an improvement in PFS of 85%. Gains in
quality of life over 52 weeks were significantly better for
cilta-cel than for RWCP, ranging between 10.3% and 30.8%,
depending on the endpoint and the analytical approach. Un-
adjusted safety comparisons indicate higher rates of hema-
tologic adverse events and CAR-T therapy-specific adverse
events for cilta-cel.

Additional strength is conferred to the findings in this study,
both by the internal consistency of results, as well as by the
consistency with comparison to similar analyses of cilta-cel
versus other external cohorts.?2°

While randomized controlled trials remain the gold-standard
design when evaluating the benefits and safety of new
medical interventions, such trials may not be feasible and/or
ethical when clinical equipoise is lacking, and no established
standard-of-care therapy exists. For these reasons, CARTI-
TUDE-1 was performed as a single-arm study, and adjusted
comparisons as presented here represent high quality evi-
dence on the comparative effectiveness of cilta-cel relative
to RWCP.

As with any non-randomized study, the potential for residual
confounding for unobserved patients’ characteristics cannot
be ruled out. However, in the current study the prospective
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collection of patients’ characteristics at baseline in LocoM-
Motion was broad, which allowed data analyses to adjust for
clinically important factors. Accounting for these character-
istics was a key step in addressing differences between the
two cohorts to avoid confounding bias in the comparative
analyses, and represents an important strength of this study
as opposed to naive treatment comparisons or comparisons
with existing data sources, which do not include all clinically
relevant prognostic baseline variables. While three baseline
characteristics (race, history of stem cell transplantation,
cytogenetic risk) were not adjusted for in the main analysis,
they were included in sensitivity analyses that showed con-
sistent results. Although cytogenetic risk at baseline was
previously shown to be a relevant predictive factor,*® mis-
singness in LocoMMotion was high (37.9%), which reflects
that cytogenetic testing is not routinely performed in clinical
practice. As cytogenetic testing cannot be mandated in a
non-interventional study, missingness could not be reduced.
However, in the case of LocoMMotion, no association of out-
comes with cytogenetic risk was observed in patients for
whom data were available. Similar missingness in cytogen-
etic risk was observed in other real-world evidence sources
and even in clinical trials.**? Similar challenges for LocoM-
Motion were also observed for CR rates and adverse events.
The LocoMMotion study was performed with no restrictions
on the types of treatments that could be received by pa-
tients, thereby allowing treating physicians to prescribe pa-
tients with the therapy they deemed most appropriate. The
wide variety of treatment regimens used in the LocoMMotion
cohort illustrates the absence of an established standard-
of-care therapy for patients with triple-class exposed RRMM,
and is representative of current clinical practice.

Although new therapies for the population of triple-class ex-
posed RRMM patients have recently emerged, the RWCP
group in the current study included only limited numbers of
patients receiving selinexor or belantamab mafodotin, as
these treatments only became available following their ap-
provals in the USA and European Union toward the end of
the recruitment period in LocoMMotion. Given the rapidly
changing treatment landscape of MM and the heterogeneity
of patients, further clinical and real-world studies are
needed to better compare cilta-cel against these and other
emerging therapies.

Comparisons of cilta-cel to individual therapies were not
possible because of the highly varied treatments selected
by physicians for their patients. However, two sensitivity
analyses, excluding patients from the LocoMMotion cohort
who received a regimen without a novel component and
who received one or two treatments in combination, were
performed. Due to the smaller sample sizes, results from
these analyses were less stable, but generally consistent
with the overall results illustrating that the comparative ef-
ficacy estimates for cilta-cel versus RWCP were consistent
across treatment combinations, and were not being driven
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by the heterogeneity in the LocoMMotion study or by pa-
tients receiving a particular therapy/combination.

The comparison of CARTITUDE-1 to the prospective LocoM-
Motion study on RWCP designed to match CARTITUDE-1 pro-
vides the highest quality possible comparative evidence for
a single-arm trial. Findings from the adjusted treatment
comparisons showed clinically and statistically significant
improvements with cilta-cel compared to RWCP in MM pa-
tients exposed to three classes of treatment (proteasome
inhibitors, immunomodulatory agents, anti-CD38 antibodies)
and highlight cilta-cel’s potential as a novel and highly ef-
fective therapy to address unmet treatment needs in pa-
tients with triple-class exposed RRMM.
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