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Aim: The phase III randomized controlled trial (RCT) CARTITUDE-4 (NCT04181827) demonstrated
superiority of CARVYKTI (ciltacabtagene autoleucel; cilta-cel) over daratumumab, pomalidomide and
dexamethasone (DPd) and pomalidomide, bortezomib and dexamethasone (PVd) for relapsed/refractory
multiple myeloma (RRMM) patients who have received one to three prior line(s) of therapy (LOT[s])
including an immunomodulatory agent and a proteasome inhibitor, and are refractory to lenalidomide.
These analyses estimate the relative efficacy between cilta-cel and other common treatment regimens,
for which no direct comparative evidence is available. Materials & methods: Patient data were available
from the CARTITUDE-4, CASTOR, CANDOR and APOLLO RCTs. Imbalances between cohorts on key patient
characteristics were adjusted for using inverse probability of treatment weighting (IPTW). Relative
efficacies were estimated with response rate ratios (RRs) and 95% confidence intervals (CIs) for overall
response rate (ORR), very good partial response or better rate (≥VGPR) and complete response or better
rate (≥CR), and with hazard ratios (HRs) and 95% CIs for progression-free survival (PFS). Sensitivity analyses
using different analytical methods and additional covariates were explored. Results: Key characteristics
were well balanced across cohorts after IPTW. Cilta-cel showed statistically significant benefit in PFS (HRs:
0.11–0.51), ≥VGPR (RRs: 1.51–5.13) and ≥CR (RRs: 2.90–35.24) versus all comparators, and statistically
significant improvements in ORR over most comparator regimens (RRs: 1.22–1.90). Results were consistent
across sensitivity analyses. Conclusion: Cilta-cel demonstrated benefit over other common treatment
regimens, highlighting its potential to become a new standard of care option for lenalidomide-refractory
RRMM patients with one to three prior LOT(s). These comparisons help to demonstrate the improved
efficacy of cilta-cel in countries where the standard of care may differ from DPd/PVd.
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Background
Multiple myeloma (MM) is a malignant disorder of plasma cells, with the potential to cause significant immun-
odeficiency, skeletal destruction, anemia, renal failure, hyperviscosity and secondary amyloidosis [1,2]. The disease
is defined as relapsed or refractory multiple myeloma (RRMM) when it becomes nonresponsive or progressive on
therapy within 60 days of the last treatment in patients who had previously achieved a minimal response or better
on therapy [3]. Treatment regimens for patients with RRMM often include immunomodulatory agents (IMiDs)
and proteasome inhibitors (PIs). Lenalidomide is an IMiD that has been increasingly preferred as part of first-line
treatment for MM patients; as a result, many patients become refractory to lenalidomide as early as first relapse [4,5].
There is an unmet need in the lenalidomide-refractory patient population as these patients have limited treatment
options, poor prognosis and there is no clear standard of care [6].

CARVYKTI (ciltacabtagene autoleucel; cilta-cel) is a chimeric antigen receptor T-cell (CAR-T) therapy that
potentially addresses this unmet medical need, treating RRMM by targeting the B-cell maturation antigen (BCMA),
which is a surface-antigen of myeloma cells. Results from the CARTITUDE-4 randomized trial demonstrated the
superiority of cilta-cel over the treatment regimens of pomalidomide, bortezomib and dexamethasone (PVd) and
daratumumab, pomalidomide and dexamethasone (DPd) on multiple clinical end points in patients with RRMM
who have received one to three prior line(s) of therapy (LOT[s]) that included an IMiD and a PI, and who are
refractory to lenalidomide [7]. However, standard of care options for lenalidomide-refractory patients with RRMM
can vary in different regions of the world where DPd and PVd may not be among the currently accepted treatments.
Moreover, the PI carfilzomib has activity in RRMM and is the backbone of various treatment regimens in this
setting. Thus, a comparison of cilta-cel against other treatment options including carfilzomib-based regimens would
be necessary to determine its potential as a new standard of care.

Other treatment options for RRMM patients who are refractory to lenalidomide include: daratumumab in
combination with bortezomib and dexamethasone (DVd) [8], bortezomib in combination with dexamethasone
(Vd) [8], daratumumab in combination with carfilzomib and dexamethasone (DKd) or carfilzomib in combination
with dexamethasone (Kd) [9], and pomalidomide in combination with dexamethasone (Pd) [10]; all of which were
treatment regimens assessed in the CASTOR, CANDOR and APOLLO randomized controlled trials (RCTs) [8–10].
In the absence of head-to-head trial data comparing cilta-cel versus these other therapies, adjusted comparisons
between cilta-cel and these treatment regimens can be used to assess the relative efficacy while accounting for
differences in patient populations across trials. The availability of individual patient data (IPD) for DVd, Vd, DKd,
Kd and Pd allowed for identification of a sub-cohort from the trial populations in line with the CARTITUDE-
4 inclusion criteria for use in inverse probability of treatment weighting (IPTW) and multivariable regression
analyses. The objective of this analysis was to estimate the relative efficacy in patients randomized to the cilta-cel
cohort (i.e., patients who underwent apheresis) in CARTITUDE-4 versus each of these treatment regimens in
the same target population using IPTW by leveraging IPD. These comparisons can provide valuable information
to demonstrate the improved efficacy of cilta-cel in settings where the standard of care may be different from
DPd/PVd.

Methods
Data sources
CARTITUDE-4

CARTITUDE-4 is a global phase III, open-label RCT (NCT04181827) evaluating cilta-cel versus PVd or DPd in
patients with RRMM who have received one to three prior LOT(s) that included an IMiD and a PI, and who are
refractory to lenalidomide. Details for CARTITUDE-4 have been previously published [7]. At the data cut off for
this interim analysis (1 November 2022), the median duration of follow-up was 15.9 months.

Daratumumab clinical trials

CASTOR [8], CANDOR [9] and APOLLO [10] are multicenter, open-label, randomized, phase III trials in RRMM
patients evaluating the efficacy and safety of DVd versus Vd (CASTOR), DKd versus Kd (CANDOR), and DPd
versus Pd (APOLLO). Full study details have been published [8–10]. As direct comparisons between cilta-cel and
DPd were conducted in the CARTITUDE-4 trial, DPd was not included as a comparator in the present analysis.
Based on the availability of the IPD for each trial, the median follow-up for patients included in the present
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analysis was 74.3 months (data cut-off: 23 June 2021) for CASTOR, 16.9 months (data cut-off: 14 July 2019) for
CANDOR and 39.9 months (data cut-off: 31 May 2022) for APOLLO. A summary of the study characteristics
of the comparator trials is included in Supplementary Table 1. These treatment regimens were selected due to the
availability of IPD for which a wider and stronger range of adjusted comparisons could be conducted. Additional
analyses utilizing matching-adjusted indirect comparisons are being reported separately.

Study population & design
IPD were available from all data sources. The CARTITUDE-4 cohort consisted of patients who were randomized
to the cilta-cel cohort (all patients underwent apheresis). Comparison of the cilta cel cohort was done versus
each of the comparator cohorts, which consisted of all eligible patients who had received one of the following
comparator treatments: DVd, Vd, DKd, Kd, or Pd. Patients from the daratumumab clinical trials were included in
the comparator cohorts if they met at baseline the following key inclusion criteria from the CARTITUDE-4 trial:
have received one to three prior LOTs including a PI and an IMiD, were refractory to lenalidomide and Eastern
Cooperative Oncology Group (ECOG) status 0–1. As none of the patients in the daratumumab clinical trials had
prior treatment with anti-CD38, patients with prior exposure to anti-CD38 therapies in the cilta-cel cohort were
excluded. The index date was defined as the date of randomization within each trial.

Baseline characteristics for population alignment
Comparisons of outcomes between studies may be prone to bias due to confounding if not properly adjusted [11].
IPTW using average treatment effect in the treated (ATT) weights derived from propensity scores, was used to
emulate hypothetical comparative trials in which patients were randomized to cilta-cel or one of the comparator
regimens. Prognostic baseline characteristics for adjustment were identified and ranked in order of importance prior
to the present analysis, based on input from independent clinical experts [12,13]. The following five factors were
identified as most prognostic and clinically relevant: refractory status, cytogenetic risk [14], International Staging
System (ISS), presence of plasmacytomas/extramedullary disease and time to progression in prior line. However,
due to the high proportion of patients with unknown cytogenetics in the daratumumab clinical trials (ranging
from 25% to 60%), cytogenetic risk could not be included. The remaining four factors constitute the base case
adjustment set. A full list of the prognostic factors and their availability is shown in Supplementary Table 2.

Outcomes
Outcomes of interest included overall response rate (ORR), rate of very good partial response or better (≥VGPR),
rate of complete response or better (≥CR) and progression-free survival (PFS). ORR was defined as the proportion
of patients who achieved partial response (PR) or better (stringent CR [sCR], CR, VGPR, or PR). ≥VGPR was
defined as the proportion of patients who achieved a VGPR, CR, or sCR based on International Myeloma Working
Group (IMWG) consensus criteria. ≥CR was defined as the proportion of patients who achieved a CR or sCR
based on IMWG consensus criteria. PFS was defined as the time from index date to the date of progression or
death, whichever occurred first.

Statistical analysis
IPTW with the base case covariates was used to generate adjusted comparisons between the cilta-cel cohort versus
DVd, Vd, DKd, Kd and Pd [15]. Propensity scores were estimated using a logistic regression model that predicted
assignment in the cilta-cel cohort as a function of key prognostic factors. The estimated propensity scores, p,
were used to derive ATT weights, where patients in the comparator arms were assigned a weight of p/(1-p), while
patients from the cilta-cel cohort were kept as observed (assigned a weight of one) [15]. Consequently, patients in
the comparator arms with more similar baseline characteristics to the cilta-cel cohort received larger weights while
less similar patients were down weighted to balance the two groups. To reflect the original sample size, a rescaled
version of these weights was used (see details in Appendix B).

Relative efficacy was assessed for both the unadjusted (i.e., cilta-cel versus comparative treatment prior to IPTW)
and for the adjusted (i.e., with IPTW) comparisons for all outcomes. For response outcomes (i.e., binary outcomes)
(ORR, ≥VGPR and ≥CR), logistic regression and Poisson regression models [16] (with weights applied for the
adjusted comparison) were used to estimate odds ratios (ORs) and rate ratios (RRs), respectively. For PFS (i.e., time-
to-event outcome), a Cox proportional hazards model (with weights applied for the adjusted comparison) was used
to derive hazard ratios (HRs). Corresponding 95% confidence intervals (CIs) were calculated, where the variance
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was estimated using the robust sandwich variance estimator [17,18]. Appropriateness of the proportional hazards
assumption for PFS was assessed based on visual inspection of the log-cumulative hazard plot, visual inspection of
the Schoenfeld residuals plot and performance of the Grambsch–Therneau test [19] (with a p-value less than 0.05
considered to indicate a violation of the assumption). In case of violations of the proportional hazards assumption,
time-dependent HRs were estimated. Furthermore, the restricted mean survival time (RMST) difference [20],
restricted at the minimum of the largest observed event time in each of the two arms, was additionally reported.

Variables with a proportion of missing values less than 25% were imputed using multiple imputation with
chained equation. Statistical analyses and graphical visualization were conducted using SAS 9.4 (SAS Institute, NC,
USA) and R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria).

Sensitivity analyses
Several sensitivity analyses were conducted to assess the robustness of results. The first sensitivity analysis was an
IPTW using average treatment effect in the control (ATC) weights, where patients in the cilta-cel cohort were
reweighted to reflect each of the comparator cohorts, whereas the comparator cohorts were kept as observed. While
the primary ATT-based analyses estimate comparative efficacy in the cilta-cel population, ATC weighting provides
comparative estimates in the patient cohort for the comparator. When the sample size of the external cohort is
small, ATT weights may become unstable if adding several covariates in the PS model; therefore, ATC weights
are a valid alternative [21]. As sample size for some of the comparator cohorts in the current analyses was limited,
IPTW-ATC allowed for the adjustment of number of prior lines, years since diagnosis, age and hemoglobin levels,
in addition to the covariates included in the base case. Finally, multivariable regression models were used as an
alternative option to IPTW to explore the impact of further adding prior transplant, ECOG status, MM type,
creatinine clearance, gender and race as covariates.

Results
Adjustments for imbalances between cohorts
The comparative analysis consisted of 155 patients in the cilta-cel cohort of CARTITUDE-4 that had no prior
exposure to anti-CD38 therapies, 44 patients treated with DVd, 46 patients treated with Vd, 98 patients treated
with DKd, 46 patients treated with Kd, and 92 patients treated with Pd that fulfilled the CARTITUDE-4 eligibility
criteria across the CANDOR, CASTOR and APOLLO studies (Figure 1).

Multiple imputation was required for the following missing variables in CANDOR: time to progression on
prior line (missing 4.1% for DKd and 4.4% for Kd), years since MM diagnosis (missing 5.1% for DKd and
2.2% for Kd) and hemoglobin (missing 1% for DKd) (Supplementary Table 3). Imputation was not necessary for
CARTITUDE-4, CASTOR and APOLLO, as there were no other missing values.

The cilta-cel cohort had a higher proportion of patients with ISS stage I, longer time to progression in prior line
and a higher presence of plasmacytomas / extramedullary disease (Table 1). After IPTW, key baseline covariates
were well balanced across the cohorts (Supplementary Tables 4–8).

Comparative efficacy results
The observed ORR was 89.7% in the cilta-cel cohort and ranged from 42.4% to 79.6% among patients treated
with comparator regimens (Figure 2). After adjustment, patients in the cilta-cel cohort were 1.2 (vs DKd) to
2.0 (vs Pd) times more likely than patients treated with comparator regimens to achieve ORR (Figure 3). The
observed ≥VGPR rates were 85.2% in the cilta-cel cohort and ranged from 14.1% to 64.3% in patients treated
with comparator regimens (Figure 2). After adjustment, patients in the cilta-cel cohort were 1.5 (vs DKd) to 5.1
(vs Vd) times more likely to achieve ≥VGPR than patients treated with comparator regimens, and all comparisons
were statistically significant (Figure 3). The observed ≥CR rates were 78.1% in the cilta-cel cohort and ranged
from 2.2% to 26.5% in patients treated with comparator regimens (Figure 2). After adjustment, patients in the
cilta-cel cohort were 2.9 (vs DKd) to 38.8 (vs Pd) times more likely to achieve ≥CR than patients treated with
comparator regimens, all results were statistically significant (all p < 0.01) (Figure 3). Cilta-cel also significantly
reduced the risk of disease progression or death by 49% (DKd: HR: 0.51 [95% CI: 0.30, 0.88; p = 0.015]) to
89% (Vd: HR: 0.11 [95% CI: 0.07, 0.17; p < 0.0001]). The median PFS for the cilta-cel and DKd arms was not
reached whereas the median PFS post-adjustment was 9.79 months for DVd, 6.21 months for Vd, 11.09 months
for Kd and 8.34 months for Pd (Figure 4). The assessment of proportional hazards indicated the proportional
hazards held for comparisons versus all regimens, except Vd. Nevertheless, the overall HR represents the average
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Table 1. Overview of baseline characteristics before adjustment with IPTW.
Variable Categories Cilta-cel

CARTITUDE-4
DVd
CASTOR

Vd
CASTOR

DKd
CANDOR

Kd
CANDOR

Pd
APOLLO

n = 155
n (%)

n = 44
n (%)

n = 46
n (%)

n = 98
n (%)

n = 46
n (%)

n = 92
n (%)

Refractory status � Double refractory†

≥ Double refractory
82 (52.9%)
73 (47.1%)

18 (40.9%)
26 (59.1%)

22 (47.8%)
24 (52.5%)

54 (55.1%)
44 (44.9%)

26 (56.5%)
20 (43.5%)

45 (48.9%)
47 (51.1%)

ISS stage I
II
III

103 (66.5%)
44 (28.4%)
8 (5.2%)

19 (43.2%)
15 (34.1%)
10 (22.7%)

19 (41.3%)
19 (41.3%)
8 (17.4%)

51 (52.0%)
28 (28.6%)
19 (19.4%)

23 (50.0%)
15 (32.6%)
8 (17.4%)

41 (44.6%)
33 (35.9%)
18 (19.6%)

Time to progression on
prior line (months)

�6
≥6

22 (14.2%)
133 (85.8%)

7 (15.9%)
37 (84.1%)

11 (23.9%)
35 (76.1%)

20 (20.4%)
78 (79.6%)

14 (30.4%)
32 (69.6%)

19 (20.7%)
73 (79.3%)

Presence of
plasmacytomas/
extramedullary disease

Yes
No

29 (18.7%)
126 (81.3%)

1 (2.3%)
43 (97.7%)

2 (4.3%)
44 (95.7%)

6 (6.1%)
92 (93.9%)

3 (6.5%)
43 (93.5%)

3 (3.3%)
89 (96.7%)

Prior LOTs (n) 1–2
3

120 (77.4%)
35 (22.6%)

24 (54.5%)
20 (45.5%)

30 (65.2%)
16 (34.8%)

54 (55.1%)
44 (44.9%)

26 (56.5%)
20 (43.5%)

65 (70.7%)
27 (29.3%)

Years since MM diagnosis �4
≥4

101 (65.2%)
54 (34.8%)

17 (38.6%)
27 (61.4%)

27 (58.7%)
19 (41.3%)

55 (56.1%)
43 (43.9%)

28 (60.9%)
18 (39.1%)

49 (53.3%)
43 (46.7%)

Hemoglobin (g/dl) �10
10–12
�12

40 (25.8%)
55 (35.5%)
60 (38.7%)

18 (40.9%)
11 (25.0%)
15 (34.1%)

11 (23.9%)
20 (43.5%)
15 (32.6%)

25 (25.5%)
40 (40.8%)
33 (33.7%)

9 (19.6%)
20 (43.5%)
17 (37.0%)

25 (27.2%)
39 (42.4%)
28 (30.4%)

Prior autologous stem cell
transplant

Yes
No

129 (83.2%)
26 (16.8%)

36 (81.8%)
8 (18.2%)

30 (65.2%)
16 (34.8%)

60 (61.2%)
38 (38.8%)

21 (45.7%)
25 (54.3%)

42 (45.7%)
50 (54.3%)

ECOG status 0
1

85 (54.8%)
70 (45.2%)

21 (47.7%)
23 (52.3%)

25 (54.3%)
21 (45.7%)

46 (46.9%)
52 (53.1%)

23 (50.0%)
23 (50.0%)

58 (63.0%)
34 (37.0%)

Type of MM IgA
IgG
Other

26 (16.8%)
86 (55.5%)
43 (27.7%)

6 (13.6%)
26 (59.1%)
12 (27.3%)

12 (26.1%)
25 (54.3%)
9 (19.6%)

25 (25.5%)
53 (54.1%)
20 (20.4%)

10 (21.7%)
27 (58.7%)
9 (19.6%)

20 (21.7%)
52 (56.5%)
20 (21.7%)

Creatinine clearance
(ml/min)

�60
≥60

20 (12.9%)
135 (87.1%)

13 (29.5%)
31 (70.5%)

16 (34.8%)
30 (65.2%)

16 (16.3%)
82 (83.7%)

12 (26.1%)
34 (73.9%)

31 (33.7%)
61 (66.3%)

Sex Male
Female

86 (55.5%)
69 (44.5%)

21 (47.7%)
23 (52.3%)

29 (63.0%)
17 (37.0%)

54 (55.1%)
44 (44.9%)

29 (63.0%)
17 (37.0%)

47 (51.1%)
45 (48.9%)

Age (years) �65
≥65

96 (61.9%)
59 (38.1%)

22 (50.0%)
22 (50.0%)

25 (54.3%)
21 (45.7%)

50 (51.0%)
48 (49.0%)

28 (60.9%)
18 (39.1%)

37 (40.2%)
55 (59.8%)

Race White
Not reported/Other

115 (74.2%)
40 (25.8%)

38 (86.4%)
6 (13.6%)

41 (89.1%)
5 (10.9%)

75 (76.5%)
23 (23.5%)

38 (82.6%)
8 (17.4%)

83 (90.2%)
9 (9.8%)

†‘� Double refractory’ category consisted of lenalidomide-refractory only patients.
DKd: Daratumumab with carfilzomib and dexamethasone; DVd: Daratumumab in combination with bortezomib and dexamethasone; ECOG: Eastern Cooperative Oncology Group;
IPTW: Inverse probability of treatment weighting; ISS: International Staging System; Kd: Carfilzomib and dexamethasone; LOT: Line of therapy; MM: Multiple myeloma; Pd: Pomalidomide
plus dexamethasone; Vd: Bortezomib and dexamethasone.

HR across the entire treatment period, and remains a meaningful measure of average benefit [22]. Time-dependent
hazard ratios showed an increasing benefit over time, with HR beyond 3 months ranging from 0.05 to 0.43
(Supplementary Table 9). Finally, the RMST difference after approximately 18 months ranged from 2.9 months
(DKd) to 8.1 months (Vd), indicating that cilta-cel also significantly increased the average PFS time over all
comparator treatments (Supplementary Figure 1).

Sensitivity analyses
Results from the IPTW-ATC analyses, including base case covariates and an additional four variables, were consistent
with the main analysis (IPTW-ATT) with smaller standardized mean differences (Supplementary Tables 4–8), with
cilta-cel demonstrating statistically significant improvement over comparator treatments for all outcomes. The
multivariable regression models including all 14 available baseline covariates also showed consistency with the main
analysis, with cilta-cel demonstrating improvement over comparator treatments for all outcomes (Supplementary
Figures 2–5).

Discussion
Despite the availability of a multitude of treatment regimens for RRMM, patients refractory to lenalidomide still
frequently progress, require continuous anti-myeloma therapies and the overall prognosis remains poor. Therefore,
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Figure 2. Observed response rates for cilta-cel versus comparative treatment.
≥CR: Complete response or better; DKd: Carfilzomib in combination with daratumumab and dexamethasone; DVd:
Daratumumab in combination with bortezomib and dexamethasone; Kd: Carfilzomib and dexamethasone; ORR:
Overall response rate; Pd: Pomalidomide in combination with dexamethasone; PR: Partial response; Vd: Bortezomib
with dexamethasone; ≥VGPR: Very good partial response.

additional treatment options are needed to promote deep and durable responses, delay progression and maintain or
even improve quality of life. Based on our analyses, cilta-cel provides the most effective treatment option compared
with other available treatment regimens.

The superiority of cilta-cel over the DPd and PVd treatment regimens was demonstrated in the phase III RCT
CARTITUDE-4 among RRMM patients who have received one to three prior LOT(s) that included an IMiD
and a PI, and who are refractory to lenalidomide. However, as standard of care options for lenalidomide-refractory
RRMM patients can vary across countries and regions of the world and many different drug combinations can be
used in RRMM, a comparison of cilta-cel against other conventional treatment options is necessary to determine
its potential as a new standard of care. Using IPD from CARTITUDE-4 and three daratumumab clinical trials,
the present analyses report adjusted comparisons between cilta-cel and other commonly utilized regimens used
in RRMM patients who have received one to three prior LOT(s) that included an IMiD and a PI, and who are
refractory to lenalidomide. The availability of patient level data from RCTs for these regimens allowed to include
only patients refractory to lenalidomide, who generally have significantly worse outcomes than non-lenalidomide-
refractory patients. Additionally, the available data allowed to further adjust for differences on other important
risk factors between patient populations across studies, using a range of statistical approaches including IPTW and
multivariable regression to estimate relative efficacy in the most robust way, in the absence of direct head-to-head
data. Results show the benefits of cilta-cel treatment in response outcomes (ORR, ≥VGPR and ≥CR) and PFS
versus all comparators. While treatment with DKd consistently yielded the best outcomes across all comparator
regimens, comparative estimates for cilta-cel versus DKd were also statistically significant in favor of cilta-cel across
all end points.

As in any comparative analysis of non-randomized cohorts, it is important to acknowledge that the potential
for residual confounding cannot be excluded. To address this, clinically important covariates were selected for
balancing between groups through an evidence-based process involving a literature review, expert clinical opinion,
and previously conducted adjusted comparisons in RRMM patients [12,13]. The IPTW approach using ATT weights
was a priori selected as the primary analysis, as it allows for the estimation of the relative treatment effect versus all
comparators in the same (cilta-cel) population. However, the small sample size for some of the comparator cohorts
limited the adjustment to the four clinically most relevant prognostic variables adjusted for. The IPTW-ATC
models were able to account for this by including a wider list of prognostic factors while also achieving a good
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ORR
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0.1774

0.0449

0.0052

0.0551

0.0014

1 1.6 2.7
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Vd (CASTOR)

Kd (CANDOR)
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≥CR

9.36 (3.35, 26.14)

2.90 (1.98, 4.26)

15.60 (3.88, 62.73)

6.48 (2.72, 15.43)
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<.0001

<.0001
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0.0024

0.0008
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0.27 (0.16, 0.45)

0.19 (0.13, 0.30)

<.0001

0.015

<.0001

<.0001

<.0001

0.1 0.2 0.4 0.6 1

Figure 3. Average treatment effect in the treated-adjusted comparative efficacy of cilta-cel versus comparator
treatments on overall response rate, very good partial response or better, complete response or better, and
progression-free survival. Adjusted for refractory status, International Staging System stage, presence of
plasmacytomas/extramedullary disease and time to progression on prior lines of therapy. HR less than 1 and RR
greater than 1 indicates favorable treatment effect for cilta-cel.
CI: Confidence interval; ≥CR: Complete response or better; DKd: Carfilzomib in combination with daratumumab and
dexamethasone; DVd: Daratumumab in combination with bortezomib and dexamethasone; HR: Hazard ratio; Kd:
Carfilzomib and dexamethasone, ORR: Overall response rate; Pd: Pomalidomide in combination with dexamethasone;
PFS: Progression-free survival; RR: Rate ratio; Vd: Bortezomib with dexamethasone; ≥VGPR: Very good partial
response or better.

balance. Furthermore, multivariable regression models were able to account for additional prognostic factors. The
consistency of the comparative estimates across all three approaches illustrates the robustness of the results.

While follow-up time in the CARTITUDE-4 trial is shorter compared with other trials (15.9 months for
CARTITUDE-4 versus 74.3 months for CASTOR, 16.9 months for CANDOR and 39.9 months for APOLLO),
HR estimates are not biased by differences in follow-up lengths as PFS was analyzed using survival analysis and
patients still at risk at time of data cut were censored. This form of administrative censoring is non-informative and
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Figure 4. Observed and average treatment effect in the treated-adjusted Kaplan–Meier curves for progression-free
survival for cilta-cel versus comparator treatments. Adjusted for refractory status, International Staging System stage,
presence of plasmacytomas/extramedullary disease, and time to progression on prior lines of therapy.
ATT: Average treatment effect in the treated; CI: Confidence interval; DKd: Carfilzomib in combination with
daratumumab and dexamethasone; DVd: Daratumumab in combination with bortezomib and dexamethasone; Kd:
Carfilzomib and dexamethasone; Pd: Pomalidomide in combination with dexamethasone; PFS: Progression-free
survival; Vd: Bortezomib with dexamethasone.
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Figure 4. Observed and (cont.). average treatment effect in the treated-adjusted Kaplan–Meier curves for
progression-free survival for cilta-cel versus comparator treatments. Adjusted for refractory status, International
Staging System stage, presence of plasmacytomas/extramedullary disease, and time to progression on prior lines of
therapy.
ATT: Average treatment effect in the treated; CI: Confidence interval; DKd: Carfilzomib in combination with
daratumumab and dexamethasone; DVd: Daratumumab in combination with bortezomib and dexamethasone; Kd:
Carfilzomib and dexamethasone; Pd: Pomalidomide in combination with dexamethasone; PFS: Progression-free
survival; Vd: Bortezomib with dexamethasone.

does not impact the HR estimates. Comparative estimates may rather be conservative for the response outcomes,
given that patients may continue to deepen the level of response over time.

It is also worth noting that while excluding CD38-exposed patients from the cilta-cel cohort might allow better
comparability across populations, the results could be perceived as less generalizable. On the other hand, the
interaction between treatment effect and anti-CD38 exposure within the CARTITUDE-4 trial was not found to
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be statistically significant, meaning that the relative effect of cilta-cel would be comparable among the anti-CD38-
exposed and the anti-CD38-naive patients [7]. As most of the triple-class exposed patients in the CARTITUDE-4
population were in the third- and fourth-LOT, this is comparable to estimates with the patient population from
CARTITUDE-1 [23]. Comparative estimates between triple class exposed patients from CARTITUDE-1 versus the
LocoMMotion study of real-world clinical practice showed similar treatment benefit, including for OS [23].

Further investigation and comparisons with longer follow-up are needed to assess safety, efficacy, quality of life
benefits and comparisons on OS of cilta-cel over additional accepted treatment regimens.

Conclusion
The adjusted comparative efficacy analysis of cilta-cel using patient level data available from daratumumab trials
demonstrates significant benefit for cilta-cel on ORR, ≥VGPR, ≥CR and PFS versus DKd, DVd, Pd, Vd and Kd
in RRMM patients who have received one to three prior LOT(s) that included an IMiD and a PI, and who are
refractory to lenalidomide. These results further complement the comparative evidence versus DPd and PVd from
CARTITUDE-4 on the added benefit that cilta-cel can provide in this difficult to treat patient population.

Summary points

• Despite the introduction of new treatments, multiple myeloma remains incurable and the majority of patients
progress to relapsed or refractory multiple myeloma (RRMM).

• CARVYKTI (ciltacabtagene autoleucel; cilta-cel) is a chimeric antigen receptor T-cell (CAR-T) therapy that has
demonstrated superiority over two other commonly accepted non-CAR-T treatment regimens in the CARTITUDE-4
randomized trial, across multiple clinical end points in patients with RRMM, who have received one to three prior
line(s) of therapy (LOT(s)) and are refractory to lenalidomide.

• However, standard of care options for these patients can vary in different regions of the world where the
comparators used in the CARTITUDE-4 trial may not be among the currently accepted treatments.

• In the absence of head-to-head trials between cilta-cel and other standard of care therapies in this population,
indirect comparisons can be utilized to estimate the relative effects between these treatment options.

• Individual patient data for cilta-cel from CARTITUDE-4 and other treatment regimens were available from the
CASTOR (daratumumab with bortezomib and dexamethasone [DVd] and bortezomib with dexamethasone [Vd]),
CANDOR (daratumumab with carfilzomib and dexamethasone [DKd] and carfilzomib with dexamethasone [Kd]),
and APOLLO (pomalidomide in combination with dexamethasone [Pd]) randomized trials.

• Patients who met the CARTITUDE-4 eligibility criteria were identified from these comparator treatment regimens
and imbalances between cohorts on clinically important prognostic factors at baseline were adjusted using
inverse probability of treatment weighting (IPTW).

• Key prognostic factors were well balanced across the cohorts after IPTW adjustment.
• Patients randomized to the cilta-cel cohort showed statistically significant improvements over most comparator

regimens with respect to overall response rate, and over all comparator regimens in rate of very good partial
response or better, rate of complete response or better and progression-free survival.

• Cilta-cel demonstrated benefit over other treatment regimens commonly used in clinical practice, highlighting its
potential as a new standard of care option for patients with RRMM refractory to lenalidomide, who have
received one to three prior LOT(s).

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:

https://bpl-prod.literatumonline.com/doi/10.57264/cer-2024-0080
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