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ORIGINAL ARTICLE

Matching adjusted indirect comparisons of efficacy outcomes for
idecabtagene vicleucel (ide-cel, bb2121) versus selinexorþdexamethasone
and belantamab mafodotin in relapsed and refractory multiple myeloma

Paula Rodriguez-Oteroa, Dieter Ayersb, Shannon Copeb, Faith E. Daviesc, Michel Delforged, Ali Mojebib,
Jeroen P. Jansenb, Katja Weisele, Kristen Hegef and Sujith Dhanasirig

aCl�ınica Universidad de Navarra, Pamplona, Spain; bPRECISIONheor, Vancouver, BC, Canada; cNYU Langone Health, New York, NY,
USA; dDepartment of Hematology, University Hospital Leuven, Leuven, Belgium; eDepartment of Oncology, Hematology & Bone
Marrow Transplantation, University Medical Center of Hamburg-Eppendorf, Hamburg, Germany; fBristol Myers Squibb, Princeton, NJ,
USA; gCelgene International S�arl, a Bristol-Myers Squibb Company, Boudry, Switzerland

ABSTRACT
Idecabtagene vicleucel (ide-cel, bb2121), a chimeric antigen receptor (CAR) T cell therapy, has
been investigated in patients with relapsed and refractory multiple myeloma (RRMM) who have
received an immunomodulatory drug, proteasome inhibitor, and anti-CD38 antibody in the sin-
gle-arm phase 2 KarMMa clinical trial. Two therapies with distinct mechanisms of action – seli-
nexor plus dexamethasone (Sd) and belantamab mafodotin (BM) – are currently approved in
the United States for heavily pretreated patients, including those who are triple-class refractory.
To compare ide-cel versus Sd and ide-cel versus BM, matching-adjusted indirect comparisons
were performed. Ide-cel extended progression-free survival (PFS) and overall survival (OS) versus
both Sd and BM (hazard ratio (HR); 95% confidence interval (CI)). PFS: ide-cel versus Sd, 0.46;
0.28–0.75; ide-cel versus BM, 0.45; 0.27–0.77. OS: ide-cel versus Sd, 0.23; 0.13–0.42; ide-cel versus
BM, 0.35; 0.14–0.87. These results suggest ide-cel offers clinically meaningful improvements over
currently approved regimens for patients with heavily pretreated RRMM.

ARTICLE HISTORY
Received 2 December 2020
Revised 12 February 2021
Accepted 27 March 2021

KEYWORDS
Multiple myeloma; CAR T
cell therapy; MAIC; overall
response rate; overall
survival; progression-
free survival

Introduction

The clinical outcomes of multiple myeloma (MM) have
been transformed over the last decade with the intro-
duction of three main classes of therapy, including
immunomodulatory drugs (such as the IMiDVR agents
lenalidomide and pomalidomide), proteasome inhibi-
tors (PIs) and, most recently, anti-CD38 monoclonal
antibodies (mAbs). Drugs from all three classes are
approved and recommended for use in patients with
newly diagnosed MM or relapsed/refractory MM
(RRMM), preferably in 2-, 3-, or 4-agent regimens [1,2].
Despite the longer survival time achieved with these
novel treatments, the majority of patients will ultim-
ately relapse and require new lines of therapy.

The choice of regimen following relapse is influ-
enced by response and tolerance to prior therapies, as
well as by disease and patient characteristics. For
refractory patients (defined as failure to respond to

primary or salvage therapy, or progression within
60 days of last therapy per International Myeloma
Working Group (IMWG) criteria [3]), the recommenda-
tion is to switch to a new regimen, preferably one
with a novel mechanism of action [1,2]. However, tri-
ple-class refractory patients have poor outcomes, with
a median overall survival (OS) of 9 months [4].
Moreover, there is no consensus regarding the stand-
ard-of-care treatment for triple-class exposed patients
[1]. Following treatment with an anti-CD38 mAb, most
patients (90%) will receive further therapy, although
the regimens vary substantially and include daratumu-
mab-containing regimens, elotuzumab with an immu-
nomodulatory drug, carfilzomib-containing regimens,
and various chemotherapies [5]. Overall response rate
(ORR) is just over 30% in these patients, and the
median progression-free survival (PFS) and OS are 3.4
and 9.3 months, respectively [5]. As 3- and 4-agent
regimens are increasingly used in first- and second-
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line settings, new treatment classes are required to
improve outcomes for patients in later lines
of therapy.

This unmet need among triple-class exposed and
refractory patients has driven the development of new
therapies with novel mechanisms of action. A number
of these novel agents target the B-cell maturation
antigen (BCMA), a protein that is overexpressed on
the surface of MM cells. Three common treatment
modalities used to target BCMA are bispecific antibody
constructs, antibody–drug conjugates, and chimeric
antigen receptor (CAR)-modified T cell therapy [6]. In
CAR T cell therapy, antigen-specific T cells are gener-
ated by the introduction of genes encoding CARs [7].
These CARs recognize intact cell-surface proteins and
glycolipids, allowing T cells to function in a human
leukocyte antigen-independent manner [7]. One such
CAR T cell therapy is idecabtagene vicleucel (ide-cel,
bb2121), a CAR T cell therapy under investigation for
the treatment of RRMM in the phase 2 KarMMa clinical
trial (NCT03361748) [8]. Ide-cel, therefore, has a dis-
tinct mechanism of action compared with approved
agents for earlier RRMM, providing a novel therapy for
triple-class exposed patients. The clinical activity of
ide-cel in heavily pretreated patients has been demon-
strated in a phase 2 study, where 73% of patients
achieved an ORR, and median PFS was 8.8 months [8].

Two therapies have recently been approved by the
US Food and Drug Administration (FDA) for use in
heavily pretreated patients, including those with tri-
ple-class exposed/refractory RRMM. Selinexor, a select-
ive inhibitor of nuclear export (SINE), was approved in
combination with dexamethasone (Sd) based on the
results of a single-arm phase 2 study [9], and belanta-
mab mafodotin (BM), an anti-BCMA immunoconjugate,
was approved based on a phase 2 study comparing
two dosing regimens [10]. In the absence of head-to-
head studies comparing therapies for triple-class
exposed patients [11], we performed matching-
adjusted indirect treatment comparisons (MAICs) to
compare ide-cel versus Sd and BM, respectively.

Methods

Evidence for ide-cel

Individual patient-level data (IPD) regarding the effi-
cacy of ide-cel were available from the phase 2
KarMMa clinical trial (NCT03361748). This is an
ongoing, multicenter, single-arm clinical trial to evalu-
ate the efficacy and safety of ide-cel in patients with
RRMM who had received �3 prior regimens, were tri-
ple-class exposed (i.e. to an immunomodulatory drug,

PI, and an anti-CD38 mAb) and refractory to their last
regimen [8]. Of the 140 patients enrolled, 128 received
an ide-cel infusion at a target dose of 150� 106

(n¼ 4), 300� 106 (n¼ 70), or 450� 106 (n¼ 54) CARþ
T cells. Based on the dose–response, the 450� 106

dose reflects the target dose, although the dose used
in this study ranged from 150 to 450� 106 cells. As of
the 14 January 2020 data cutoff, the median duration
of follow-up after ide-cel infusion was 13.3 months
(range: 0.2–21.2), with 82 (64.1%) patients having been
followed for �12 months from infusion [8].

Evidence for Sd and BM

Study-level publications regarding the efficacy of Sd
and BM were identified through a systematic literature
review (SLR) of real-world studies and clinical trials eval-
uating treatments for triple-class exposed RRMM
patients [11]. To be inclusive, any studies that evaluated
patients exposed to an anti-CD38 mAb were included,
even if this exposure was not a requirement of the eligi-
bility criteria. Four single-arm, multicenter trials evaluat-
ing Sd and BM were identified: STORM part 1 (phase 2)
[12] and STORM part 2 (phase 2) [9] evaluated Sd, and
DREAMM-1 (phase 1) [13] and DREAMM-2 (phase 2) [10]
assessed BM. Of these studies, only the phase 2 studies,
STORM part 2 and DREAMM-2, were included in the
indirect comparisons versus Sd and BM, respectively, as
patients in these studies represented the patient popu-
lation in the KarMMa clinical trial, especially in terms of
exposure and refractoriness to anti-CD38 mAbs. For
each study, data on patient characteristics and out-
comes were extracted. For PFS and OS, the IPD were
reconstructed by digitizing the Kaplan–Meier (KM)
curves using the Guyot algorithm [14].

STORM part 1 evaluated patients exposed to �2
immunomodulatory drugs and two PIs, where only
39% of patients had received an anti-CD38 mAb [12].
In contrast, STORM part 2 included patients with
exposure to bortezomib, carfilzomib, lenalidomide,
pomalidomide, daratumumab, glucocorticoids, and an
alkylating agent; and required that patients have been
refractory to �1 agent in each of the following classes:
an immunomodulatory drug, a PI, and an anti-CD38
mAb. Patients (n¼ 123) received selinexor (80mg) plus
dexamethasone (20mg) twice weekly until disease
progression, death, or discontinuation. At the last date
of follow-up, five patients (4%) continued to receive
treatment, whereas 34 (28%) had discontinued treat-
ment and remained in follow-up for long-term sur-
vival [9].
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DREAMM-1 evaluated patients who had previously
received an alkylator, a PI, an immunomodulatory
drug, and a prior stem cell transplantation (if eligible),
and were refractory to the last line of treatment [13].
However, only a third of patients (31.5%) had received
an anti-CD38 mAb. In comparison, DREAMM-2
included patients with disease progression on or after
receiving three or more previous lines of antimyeloma
treatment and were refractory to an immunomodula-
tory drug or a PI, and were refractory or intolerant (or
both) to an anti-CD38 mAb [10]. Patients were
randomized to receive intravenous BM 2.5mg/kg
(n¼ 97) or 3.4mg/kg (n¼ 99) every 21 days until

disease progression or unacceptable toxicity. The
2.5mg/kg group reflects the dose that has been
approved based on a median follow-up of
6.3 months [10].

An overview of study design and baseline patient
characteristics for KarMMa, STORM part 2, and
DREAMM-2 is presented in Table 1 and in
Supplementary Table 1.

Matching-adjusted indirect comparisons

In the absence of a randomized trial comparing ide-
cel with other therapies, pairwise unanchored indirect

Table 1. Patient characteristics at baseline in KarMMa, STORM part 2, and DREAMM-2 trials.

Characteristic
KarMMa (ide-cel treated)

N¼ 128
STORM part 2 (Sd mITT)

N¼ 122

DREAMM-2 (BM)
2.5mg/kg
N¼ 97

Age
Age, median (range), years 60.5 (33–78) 65.2 (40–86) 64 (IQR: 60–70)
�65 years old, n (%) 45 (35.2) 62 (50.8) 52 (53.6)

Sex, male, n (%) 76 (59.4) 71 (58.2) 51 (52.6)
Years since diagnosis, median (range) 6.0 (1.0–17.9) 6.6 (1.1–23.4) 5.49 (IQR: 4.01–7.02)
ISS stage, n (%)a

I 14 (10.9)a 20 (16.4)a 21 (21.6)
II 90 (70.3)a 78 (63.9)a 33 (34.0)
III 21 (16.4)a 23 (18.9)a 42 (43.3)
Unknown 3 (2.3) 1 (0.8) 1 (1.0)

ECOG PS, n (%)
�1 71 (55.5) 82 (67.2) –
0 57 (44.5) 36 (29.5) –
1 68 (53.1) 71 (58.2) –
2 3 (2.3) 11 (9.0) –
Missing 0 (0) 4 (3.3) –

Renal function, n (%)
Creatinine clearance <60mL/min 19 (14.8) 39 (32.0) 26 (26.8)
Creatinine clearance <40mL/min – 14 (11.5) 2 (2.1)b

Creatinine clearance 40 to <60mL/min – 25 (20.5) 24 (24.7)c

Creatinine clearance �60mL/min – 82 (67.2) 67 (69.1)
Missing – 1 (0.8) –

Exposure to prior anti-myeloma regimens
Prior regimens, median (range) 6 (3–16) 7 (3–18) 7 (3–21)
�7 regimens, n (%) 49 (38.3) 61 (50.0) 81 (83.5)d

Refractoriness to prior regimens, n (%)
A PI, an immunomodulatory drug, and an anti-CD38 mAb 108 (84.4) 122 (100) –
Carfilzomib, pomalidomide, and daratumumab 56 (43.8) 117 (95.9) –
Carfilzomib, pomalidomide, lenalidomide, and daratumumab 45 (35.2) 101 (82.8) –
Bortezomib, carfilzomib, pomalidomide, and daratumumab 35 (27.3) 94 (77.0) –
Bortezomib, carfilzomib, pomalidomide, lenalidomide, and daratumumab 33 (25.8) 83 (68.0) –
Prior ASCT, n (%) 120 (93.8) 102 (83.6)e –

Chromosomal abnormality, n (%)
High risk overall: del(17p)/p53, t(4;14), t(14;16), or gain(1q) 64/95 (67.4)f 65 (53.3) 41 (42.3)
del(17p)/p53 – 32 (26.2) 16 (16.5)
t(4;14) – 17 (14) 11 (11.3)
t(14;16) – 5 (4) 7 (7.2)
gain(1q) – 40 (33) 25 (25.8)

Proportion of bone marrow plasma cells, mean (SD) – 27 (30.4) –
Time since discontinuation of last treatment median (range), weeks – 4.1 (0.1–26.0) –

ASCT: autologous stem cell transplantation; BM: belantamab mafodotin; ECOG PS: Eastern Cooperative Oncology Group performance status; ide-cel: ide-
cabtagene vicleucel; ISS: International Staging System; mITT: modified intention-to-treat; Sd: selinexor plus dexamethasone; SD: standard deviation.
aRevised ISS stage in KarMMa was derived using baseline ISS stage, cytogenetic abnormality, and serum lactate dehydrogenase.
b<30mL/min.
c<30–60mL/min.
d>4 prior treatments.
e102/122 patients had undergone prior stem cell transplantation but not specified if autologous or allogeneic.
fIn KarMMa, definition of high-risk cytogenetic includes del17p (with no reference to ‘p53’), t(4;14), t(14;16), and 1q21 abnormality (and no reference to
‘gain(1q)’); furthermore, only 95 patients were evaluable for cytogenetic abnormalities.
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comparisons were performed to estimate the relative
treatment effects of ide-cel versus Sd, and ide-cel ver-
sus BM, based on the three independent phase 2 non-
randomized single-arm studies [8–10]. Between-study
differences in patient characteristics that may have
influenced the outcomes (and consequently the treat-
ment effects) were adjusted using MAIC [15–18] to
reduce the bias in the treatment effect estimates
inherent in a naïve indirect comparison. This type of
indirect treatment comparison (ITC) uses IPD from the
index trial, such as KarMMa, to up (or down) weight
patients most similar (or dissimilar) to those in an
external study based on the published patient
characteristics.

A logistic propensity score model was used to esti-
mate weights for the individual patients from KarMMa
(ide-cel) so that the weighted mean baseline charac-
teristics matched those observed in the STORM part 2
(Sd) and DREAMM-2 (BM) publications, respectively.
These weights were applied to ide-cel to predict the
observed outcomes in each respective population
using either a weighted logistic (for ORR) or a
weighted Cox (for PFS and OS) regression. Robust esti-
mates of the variance associated with the comparative
treatment effects were calculated using sandwich esti-
mators. Treatment effects were expressed in terms of
odds ratios (ORs) or hazard ratios (HRs) of ide-cel ver-
sus the comparator along with their 95% confidence
intervals (CIs). For each outcome of interest, a model
without individual weights provided a naïve estimate
of the treatment effect of ide-cel versus each com-
parator. A weighted MAIC model then provided an
estimate of the treatment effect for ide-cel versus Sd
or BM, which would have been observed in a popula-
tion similar to the STORM part 2 or DREAMM-2 popu-
lations, respectively. All analyses were performed

using R version 3.5.1 (Vienna, Austria) (http://www.r-
project.org/).

Within the KarMMa trial, three target doses were
evaluated. The base case considered all ide-cel-treated
patients (n¼ 128) and sensitivity analyses considered
(1) the overall, enrolled population (n¼ 140) and (2)
patients who received the target dose of 450� 106

CARþ T cells (n¼ 54). For STORM part 2, the modified
intention-to-treat (mITT) population was used for the
analysis, which included all eligible patients who
received �1 dose of Sd (as reported on in the primary
publication [9]). DREAMM-2 outcomes were based on
the mITT populations, comprising all randomized
patients regardless of treatment administration, and
focused on the 2.5mg/kg approved dose. For each
population/target dose, weights from KarMMa were
estimated to match the patient characteristics
reported in STORM part 2 and DREAMM-2.

Selection of patient characteristics for
propensity model

Prognostic factors for inclusion in the MAIC were
driven by a literature review of previous ITC studies in
RRMM [19,20] and recommendations from clinical
experts. The most relevant prognostic factors that dif-
fered between the studies were included as covariates
in the propensity model: (1) median number of prior
treatments; (2) median years from initial diagnosis; (3)
the proportion of patients refractory to bortezomib,
carfilzomib, lenalidomide, or pomalidomide (consid-
ered for each agent individually in DREAMM-2 and
combined for STORM part 2); (4) the proportion of
patients in stage II or lower (according to the
International Staging System (ISS) for DREAMM-2 and
revised ISS as reported in STORM part 2); (5) the

Table 2. Summary of the results for naïve and MAIC comparisons of ide-cel treated population versus Sd and versus BM,
2.5mg/kg.

Comparison of ide-cel vs. Sd Comparison of ide-cel vs. BM 2.5mg/kg

Ide-cel
unadjusted,
N¼ 128

Ide-cel
adjusted vs.
STORM part

2,
N¼ 56 (ESS) Sd, N¼ 122

Naïve
comparison,

OR/HR
(95% CI)

MAIC
comparison,

OR/HR
(95% CI)

Ide-cel
adjusted vs.
DREAMM-2,
N¼ 45 (ESS) BM, N¼ 97

Naïve
comparison,

OR/HR
(95% CI)

MAIC comparison,
OR/HR
(95% CI)

ORR, % 73.4 73 26 OR, 7.78
(4.43–13.65)

OR, 7.74
(3.83–15.62)

70 31 OR, 6.17
(3.45–11.05)

OR, 5.12
(2.35–11.13)

Median PFS, months 8.8 8.1 3.7 HR, 0.46
(0.31–0.69)

HR, 0.46
(0.28–0.75)

10.4 2.9 HR, 0.48
(0.33–0.69)

HR, 0.45
(0.27–0.77)

12-Month PFS, % 36.9 40.6 NE – – 43.0 NE – –
Median OS, months 19.4 19.0 8.6 HR, 0.27

(0.18–0.41)
HR, 0.23

(0.13–0.42)
19.0 9.9 HR, 0.28

(0.15–0.51)
HR, 0.35

(0.14–0.87)
12-Month OS, % 77.9 80.2 35.1 – – 75.8 NE – –

BM: belantamab mafodotin; CI: confidence interval; ESS: effective sample size; HR: hazard ratio; ide-cel: idecabtagene vicleucel; MAIC: matching-adjusted
indirect treatment comparison; NE: not evaluable; OR: odds ratio; ORR: overall response rate; OS: overall survival; PFS: progression-free survival; Sd: seli-
nexor plus dexamethasone.
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proportion of patients with high-risk cytogenetics; and
(6) the proportion of patients with extramedullary dis-
ease (DREAMM-2 only). Any missing covariates from
KarMMa were imputed based on the mean covariate
value for the included patients from the relevant
population/dose in this study.

Results

Matching

After matching, baseline characteristics were well bal-
anced between the ide-cel populations/target doses
from KarMMa, the STORM part 2 population, and the
DREAMM-2 2.5mg/kg patient group (Supplementary
Table 2).

The effective sample size (ESS) adjusts the sample
size based on the weighting of the observations to
reflect the extent of overlap in patient baseline charac-
teristics between the study populations included in
the MAIC [21]. For the MAIC versus Sd, the ESS was
reduced by 56% (ESS, n¼ 56) for the ide-cel-treated
population (base case) and 55% (ESS, n¼ 64) and 82%
(ESS, n¼ 10) for the overall and target-dose popula-
tions, respectively. For the MAIC comparison versus
BM 2.5mg/kg, the ESS was reduced by 65%
(ESS, n¼ 45) in the ide-cel treated population, 58%
(ESS, n¼ 59) in the overall population, and 78% (ESS,
n¼ 12) in the target-dose population, respectively.

Overall response rate

Ide-cel was more efficacious than both Sd and BM
2.5mg/kg whether the analysis was based on the naïve

or adjusted comparison using MAIC (Table 2). The
unadjusted ORR for the ide-cel treated population was
73.4% compared with 26.6% for Sd and 31.6% for BM
2.5mg/kg (Table 2). Thus, based on the naïve compari-
son, ide-cel was associated with a 7.8-fold improvement
in ORR compared with Sd and a 6.2-fold improvement
in ORR compared with BM 2.5mg/kg. Ide-cel estimates
changed little in weighted MAIC with a slight reduction
in the OR versus Sd and BM 2.5mg/kg, where both
remained statistically significant (Sd: OR 7.74; 95% CI
3.83–15.62; BM 2.5mg/kg: OR 5.12; 95% CI 2.35–11.13)
(Table 2, Figure 1). Compared with the ide-cel-treated
population, the overall population showed slightly less
improvement for ide-cel versus Sd and BM 2.5mg/kg,
whereas results for the ide-cel 450� 106 CARþ T
cell target-dose population demonstrated greater
improvement for ide-cel versus Sd and BM 2.5mg/kg,
respectively (Figure 2). In the target-dose group, ide-cel
was associated with a 14-fold improvement in ORR
versus Sd (OR 13.97; 95% CI 3.09–63.23) (Figure 2(A))
and 12.6-fold improvement versus BM 2.5mg/kg (OR
12.62; 95% CI 3.69–43.10) based on the MAIC
(Figure 2(B)).

Progression-free survival and overall survival

The KM plots for PFS and OS showed minor differen-
ces between the observed data and estimates
adjusted based on the MAIC for the ide-cel-treated
population (Figure 3). In the observed ide-cel treated
population, median PFS was 8.8 months and was esti-
mated to be 8.1 months when matched to the Sd
population (median 3.7 months), and 10.4 months

Figure 1. ORR for the ide-cel treated population (adjusted) versus Sd and BM 2.5mg/kg. BM: belantamab mafodotin; CI: confi-
dence interval; ide-cel: idecabtagene vicleucel; MAIC: matching-adjusted indirect treatment comparison; OR: odds ratio; ORR: over-
all response rate; Sd: selinexor plus dexamethasone.
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when matched to the BM 2.5mg/kg population
(median 2.9 months) (Figure 3(A)). Although OS data
are not mature enough to permit a definitive analysis,
median survival was 19.4 months for ide-cel, whereas
it was estimated to be 19.0 months when matched to
both the Sd (median 8.6 months) or BM 2.5mg/kg
populations (median 9.9 months) (Figure 3(B)).

In terms of PFS, ide-cel was more efficacious than
both Sd (HR 0.46; 95% CI 0.28–0.75) and BM 2.5mg/kg
(HR 0.45; 95% CI 0.27–0.77) based on the adjusted
estimates. This finding was consistent across the popu-
lations and target dose group based on both the
naïve and adjusted estimates (Figure 4). With regard
to other KarMMa patient groups, ide-cel was more
beneficial regardless of the analytical approach (naïve
or adjusted) or patient population analyzed (treated
patients or target dose subgroup).

With respect to OS, ide-cel was also associated with
statistically significant improvements versus Sd (HR
0.27; 95% CI 0.13–0.42) and BM 2.5mg/kg (HR 0.35;
95% CI 0.14–0.87) based on the adjusted comparisons.
OS was also improved for ide-cel versus Sd or BM
based on the naïve estimate, as well as for the naïve
and adjusted estimates for the overall and target-dose
groups (Figure 4(A,B)). For the comparison versus BM
2.5mg/kg, ide-cel was associated with slightly longer
extension in the target-dose group compared with the
overall population with both being statistically

significant, whereas the survival benefits were slightly
less in the overall population, where only the naïve
estimate was statistically significant.

Discussion

The findings from this MAIC suggest that ide-cel offers
statistically significant and clinically meaningful
improvements in ORR, PFS, and OS compared with
both Sd and BM 2.5mg/kg. In the adjusted compari-
sons, ide-cel was associated with a 7.8-fold increase in
ORR versus Sd and 5-fold increase in ORR versus BM
2.5mg/kg, which represents significant improvements
that are likely to be clinically meaningful for patients.
For all outcomes, adjusted comparisons for both the
overall population and the target-dose group
remained significantly in favor of ide-cel, except for
OS for ide-cel versus BM 2.5mg/kg in the overall ide-
cel population where the CIs were wide and included
the null effect. Results for the naïve comparisons were
largely similar to those for the adjusted comparisons,
but were more uncertain.

Unanchored ITCs aim to adjust for baseline effect
modifiers and prognostic variables that may influence
efficacy outcomes in order to provide a robust com-
parison of treatments across different studies [15,16].
The variables included in the propensity score analyses
in these MAICs were based on a review of published

Figure 2. OR of ORR for (A) ide-cel versus Sd and (B) ide-cel versus BM 2.5mg/kg for the base case and sensitivity analyses. BM:
belantamab mafodotin; CI: confidence interval; ide-cel: idecabtagene vicleucel; MAIC: matching-adjusted indirect treatment com-
parison; OR: odds ratio; ORR: overall response rate; Sd: selinexor plus dexamethasone.
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literature and clinical expert opinion. Thus, they were
as relevant as possible for the clinical outcomes given
the patient population. A total of nine covariates were
used, which is more than have been used in many
previous MAICs, as identified by Phillippo et al. [21]. A
sensitivity analysis including additional covariates,
such as autologous stem cell transplantation, sex,
Eastern Cooperative Oncology Group performance sta-
tus, age, and renal insufficiency, did not affect the
results substantially.

The choice and number of covariates involves a
tradeoff between including more covariates to achieve
better matching and a greater reduction in sample
size, with the latter meaning that the results are based

on a small patient population that is less representa-
tive of the study as a whole. In these MAICs, the sam-
ple size reduction was 56% for the comparison versus
Sd (i.e. from n¼ 128 to an ESS of n¼ 56) and 65%
(from n¼ 128 to an ESS of n¼ 45) for the comparison
versus BM 2.5mg/kg in the ide-cel treated population.
These are similar to the ESS and percentage reduction
reported for other recent MAICs in oncology [21].
However, the ESS for the ide-cel target-dose popula-
tion in the two comparisons was 10 (Sd) and 12 (BM
2.5mg/kg) patients, corresponding to reductions of
82% and 78%, respectively. These larger percent
reductions in ESS reflect the fact that the target dose
ide-cel population was less refractory to prior

Figure 3. (A) PFS and (B) OS KM plots for ide-cel treated population (observed and adjusted) versus Sd and BM 2.5mg/kg. BM:
belantamab mafodotin; ide-cel: idecabtagene vicleucel; KM: Kaplan–Meier; NE: not estimated; OS: overall survival; PFS: progres-
sion-free survival; Sd: selinexor plus dexamethasone.
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therapies than the treated or overall ide-cel popula-
tions, and thus overlapped less with the patient popu-
lations included in STORM part 2 and DREAMM-2. For
example, while the proportion of patients refractory to
bortezomib, carfilzomib, lenalidomide, and pomalido-
mide was 68% in STORM part 2 and 26% in the
treated and overall ide-cel populations, it was only
15% in the ide-cel target-dose population. Similarly,
while the proportion of bortezomib-refractory patients
was 76% in DREAMM-2 and 61% in the treated and
overall ide-cel populations, it was only 44% in the ide-
cel target-dose population. These differences in com-
bination with the small sample size limit interpretation
of the results for the target-dose population.

These analyses have several limitations, many of
which are common to all MAICs. In the absence of IPD
for all studies, it is challenging to quantify the extent
of residual bias in the treatment effect estimates and
it is likely that some confounding variables remain
unbalanced. These include the fact that some prog-
nostic factors and/or effect modifiers may not have
been adjusted for in the analysis because they were
not reported. For example, of the prognostic factors
identified in the published ITCs, the following charac-
teristics could not be included as they were not
reported in either DREAMM-2 or STORM part 2: b2
microglobulin level (identified in six previous ITCs),
prior exposure to individual treatments (three previous
ITCs), race (three previous ITCs), and immunoglobulin
class heavy chain (two previous ITCs). Only published

data were available for STORM part 2 and DREAMM-2.
Thus, although an established algorithm was used to
reconstruct IPD from these studies based on the KM
curves for time-to-event outcomes, there were some
minor discrepancies in the numbers at risk over time
as a result of the timing of reconstructed censored
observations.

Another drawback of the current study is the lim-
ited follow-up available in the three clinical trials, in
particular with respect to DREAMM-2, which had only
6.3 months in median follow-up based on their initial
publication. Longer term follow-up was recently pub-
lished (January 2020) for DREAMM-2 [22], which
reported a median OS of 14.9 months (95% CI 9.9–not
evaluable) for BM 2.5mg/kg. Although this was pub-
lished after the completion of the SLR and analyses,
updated estimates suggest that the interpretation of
the findings was consistent with the original analysis,
both in terms of the direction of the effects and the
statistical significance of the naïve and weighted esti-
mates. Therefore, despite longer follow-up from
DREAMM-2, ide-cel continued to show superiority to
BM 2.5mg/kg both in the overall population and the
target-dose population. Given the immaturity of the
results from all three clinical trials, it will be important
to update the current analyses as more follow-up
becomes available from the trials in order to better
understand the long-term survival estimates.

In conclusion, the results from the MAICs reported
here suggest that ide-cel may represent an important

Figure 4. Hazard ratios of PFS and OS for (A) ide-cel versus Sd and (B) ide-cel versus BM 2.5mg/kg for base case and sensitivity
analyses. BM: belantamab mafodotin; CI: confidence interval; HR: hazard ratio; ide-cel: idecabtagene vicleucel; MAIC: matching-
adjusted indirect comparison; OS: overall survival; PFS: progression-free survival; Sd: selinexor plus dexamethasone.
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new treatment option for patients with RRMM who
have been exposed to an immunomodulatory drug, a
PI, and an anti-CD38 mAb. Efficacy estimates for ide-
cel show a statistically significant and clinically mean-
ingful benefit over those reported for Sd and BM
2.5mg/kg, currently, the only therapies approved for
heavily pretreated patients, which includes those with
triple-class exposed disease. A recently reported qual-
ity-of-life analysis further supports the efficacy out-
comes and demonstrated that ide-cel provides
meaningful improvements in measures of both global
function and symptoms related to disease [23]. Longer
follow-up is required to evaluate an OS benefit.
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