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Abstract

Objectives: Among advanced multiple myeloma (MM) patients, B-cell maturation antigen (BCMA) specific targets like Be-
lantamab Mafodotin (belamaf) and CAR T-cell therapies have been shown to improve clinical outcomes, but at significant costs.
To compare the expected costs per quality-adjusted life years (QALYs) gained among a hypothetical cohort of triple refractory
MM patients treated with one of three BCMA-directed therapies: (1) idecabtagene vicleucel (ide-cel), (2) ciltacabtagene
autoleucel (cilta-cel), and (3) belamaf for up to 20 months.

Methods: In this cost-effectiveness analysis, we built a Monte Carlo Markov Chain microsimulation model using estimates and
parameters from the evidence on MM treatment for 10 000 hypothetical patients between the ages for 40 and 80. We assigned
expected years of life remaining and made varying assumptions about survival beyond 5 years

Results: We predicted total cost of treatment for CAR-T therapy to be six times greater than for belamaf, but the QALYs
gained from treatment are 6 to 8 times greater. Ide-cel was weakly dominated by cilta-cel and our base-case incremental cost
effectiveness ratio (ICER) comparing cilta-cel with belamaf was $109,497 per QALY gained, averaging $123,618 in probabilistic
sensitivity analyses.

Conclusions: These findings hinge on the assumption of longer-term survival but suggest that the use of CAR-T therapy is
approaching standard ICER thresholds.
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Introduction

Multiple Myeloma (MM) is a disorder of clonal plasma cells in
the bone-marrow leading to end-organ damage and is re-
sponsible for 2% of all cancer related deaths in U.S.1 MM is the
second most common blood cancer with 34,920 estimated new
cases in 2021 and a 5-year relative survival rate of 55.6%.1

Despite improvement in treatment strategies, there has
been no plateau in the survival curves in MM, especially for
patients who are “triple class” refractory. Triple-class means
the cancer has been resistant to three classes of standard
treatment for MM – proteasome inhibitors, immunomodula-
tory agents, and anti-CD38 monoclonal antibodies.2 B-cell
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maturation antigen (BCMA)-directed therapies have emerged
as a potential game changer for patients with triple refractory
MM.3 Until recently, there were two FDA approved BCMA-
directed therapies being used – belantamab mafodotin-blmf
(“belamaf,” Blenrep�, GlaxoSmithKline), idecabtagene vi-
cleucel (“ide-cel,”Abecma®, Bristol-Myers Squibb and bluebird
bio). Ciltacabtagene autoleucel (“cilta-cel,” Janssen and Legend
Biotech) is another BCMA directed-therapy that was approved
by the FDA in February 2022.

Belamaf is a BCMA-directed antibody and microtubule
inhibitor conjugate approved by the FDA in August 2020 for
triple-class refractory MM patients.4,5 However, response
rates are still relatively low with more than 63% of patients not
responding.6 Ide-cel is a chimeric antigen receptor T-cell
(CAR T-cell) therapy that has shown great promise in trials
and was approved by the FDA inMarch 2021. In the KarMMa
trial, 128 patients received ide-cel with a 73% overall response
rate and a 33% complete response rate or better with a median
progression-free survival of 19 months (95% CI: 11.3, 22).6 In
indirect matching-adjusted comparisons, patients receiving
ide-cel had significant improvements in progression free
survival and overall survival relative to belamaf.7 Cilta-cel, the
most recently approved CAR T-cell therapy for MM, has also
had significant response rates, with an overall response rate of
97% of patients in the CARTITUDE-1 trial (n = 97).8

Ide-cel and cilta-cel are considerably more expensive
relative to belamaf and other standard treatment regimens for
MM patients (eg Selinexor (Xpovio®)). For example, the
monthly treatment costs, including inpatient, pharmaceutical
and non-drug, of ide-cel and cilta-cel are $442,705 and
$465,000, not including the costs of adverse side effects or
pre-infusion chemotherapy needed prior to CAR T-cell ther-
apies.9 Belamaf, on the other hand, is only about $23,900 per
month of treatment not including the adverse side effects.

The Institute for Clinical and Economic Review conducted
a preliminary cost-effectiveness analysis comparing ide-cel
and cilta-cel with a CAR-T comparator market basket as well
as comparing belamaf with its own comparator market bas-
ket.3 The preliminary findings suggest an incremental cost
effectiveness ratio (ICER) for belamaf that is within the range
of acceptable cost per quality-adjusted life year (QALY)
gained, but this analysis does not compare the three treatments
with each other directly.10,11

In this study, we extend this analysis by extrapolating data
from the single-arm trials for the 3 options (belamaf, ide-cel,
and cilta-cel) to simulate how patients might respond when all
three options are available. This is distinct from using market
basket comparisons. We built a Monte Carlo Markov Chain
(MCMC) microsimulation model to compare the expected
costs per QALYs gained among a hypothetical cohort of triple
class refractory MM patients who are treated with one of three
treatments: (1) ide-cel, (2) cilta-cel, and (3) belamaf. We
focused on the two CAR-T cell therapies vs belamaf as a
recent study found that belamaf was lower cost with higher
QALY gains relative to Selinexor.12 In addition, our model

allows for partitioning hypothetical patients based on response
and we conducted several sensitivity checks.

Methods

Model Structure

We modeled treatment outcomes over a 20-month period as-
suming monthly treatment cycles. Patients were randomly as-
signed an age between 40 and 80where themedian agewas set to
61 to match the age distribution of patients in the trials. For each
treatment, patients were initially probabilistically assigned to one
of three response categories: (1) best response (BR) includes
complete response, very good partial response, or partial re-
sponse; (2) minimal response (MR) which includes patients not
meeting the criteria for BR and whose disease is not progressive;
or (3) no response (NR), based on data from the three trials
(DREAMM-2 for belamaf,4 KarMMA for ide-cel,6 and CAR-
TITUDE for cilta-cel8). The categorizations are derived from the
International Myeloma Working Group consensus recommen-
dations13 used in the trials and are shown in the second column of
Table 1 (% in Category). Among patients in the BR or MR
categories, their duration of response was drawn from the dis-
tribution of response durations reported in the clinical trials
(parameters in Table 1, see Supplement for more details). Once
patients stop responding in the model they move to the pro-
gressive disease state, where they undergo palliative chemo-
therapy, the cost for which is based on a market comparison built
as a weighted average of the most common treatments.14 The
treatment costs for CAR-T cell therapies are incurred once,
whereas the belamaf cost is per 3-week cycle. The treatment costs
for both ide-cel and cilta-cel include the pre-infusion lympho-
depleting chemotherapy costs15 for all patients receiving treat-
ment, but the adverse event (AE) treatment costs are
probabilistically assigned based on whether the simulated pa-
tients are predicted to have Grade 3 or 4 AEs. Virtually all
patients in the KarMMa6 and most in the CARTITUDE trials8

had grade 3 or 4 AEs. We accounted for the higher costs of
treating Grade 3 or 4 cytokine release syndrome (CRS) and
neurotoxicities, which occurred among 8 and 13% of KarMMa
and CARTITUDE study participants, respectively. Median costs
of managing CRS and neurotoxicities among these patients have
been reported to be between $60,588 and $121,535, depending
on the severity.16 We used a weighted average of these costs for
patients simulated to experience Grade 3 or 4 CRS at $80,904.
Average costs of managing all other Grade 3 or 4 adverse events
among CAR-T therapy patients were derived from prevalence
rates reported in the trials and expected treatment costs.14 Among
patients receiving belamaf, a similar fraction had adverse events;
thus, following the trial data, 9%were simulated to stop receiving
treatment, about 52% were simulated to delay up to one cycle of
treatment, and the 37% would continue treatment after the first
cycle.4 We assume AEs affect the first cycle of treatment, except
for belamaf patients who could pause one cycle and then still
experience them in the next cycle.
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Microsimulation Modeling

In each monthly cycle, we simulated outcomes for 10,000 pa-
tients using a MCMCmicrosimulation where patients could stay
on treatment (if disease not progressing), transition to progressive
disease, or die. Transitional probabilities to continued receipt of
treatment, change to another alternative treatment, remission, or
death are based on trajectories for each response category as
published in respective clinical trials. Note that these treatments
have not been compared head-to-head in a clinical trial setting.

Among those responsive to treatment, they are modeled to
continue treatment each month where duration of treatment in
each state is drawn from the published estimates of pro-
gression free survival rates (shown in Table 1). Those in the
progressive disease state were assumed to receive salvage
chemotherapy or palliative care until they die.

After 20 monthly cycles, we modeled a longer-term survival
projection among the patients still living using age-adjusted life
expectancies discounted to generate QALYs remaining:
pa * ustate * δ where lifeexp is the population-based remaining

years of life expected conditional on being age a; a is the age of
the simulated patient at the end of the 20 month cycles; and u
represents the utility state of the patient given where they are at
the end of the 20-month cycles (eg response, palliative care). δ
is a factor to adjust for the fact that most advancedMM patients
do not have a full life expectancy and we allow this range from
0 to 1 with an average value of .5.

We discounted life expectancies using utilities from the
literature as shown in Table 1 and a 3% annual discount rate.
We used a U.S. healthcare payer perspective and all costs have
been converted to 2020 dollars.

Our main outcomes were quality-adjusted life years
(QALYs) gained and the incremental cost-effectiveness ratio
calculated as the change in costs from one treatment to another
divided by the change in QALYs.

No human subjects were enrolled specifically in this study, and
thus the study was exempt from regulations guiding protection of
human subjects. This is a microsimulation model using only
published estimates from previous trials to generate a hypothetical
cohort of patients. We followed the CHEERS guidelines.21

Table 1. Model parameters and assumptions.

Response
category

% In
category

Duration of
responsiveness to

treatment (In months)

State
utility

Cycle
cost

Grade 3-4 AE
prevalence and costs

PFS
(PSA
Range)

OS
(PSA range

Ide-cel6

BR 52.34% 21.5 12.5, NE .8017,18 $442,7059 + $12,981
for pre-treatment
chemotherapy15

(one time)

• 99%; 8% CRS/NE
MR 21.10% 10.4 5.1, 12.2 .7517,18 • Mean AE treatment cost for non-

CRS/NE = $3928
NR 26.56% n/a moves

to PD
• Median treatment cost of CRS/NE =
$80,90416,19

Cilta-cel8

BR 93% 22.8 22.8, NE .8017,18 $465,000+ + $12,981
for pre-treatment
chemotherapy15

(one time)

• 94%; 13% CRS/NE
MR 4.12% 10.4 5.1, 12.2 .7517,18 • Mean AE treatment cost for non-

CRS = $1899
NR 3.09% n/a moves to

PD
• Median treatment cost of CRS/NE =
$80,90416,19

Belantamab-mafodotin4

BR 18.55% 13.1 4.9, 16 .8017,18 $24,435 per
3-week cycle

• 98%
MR 17.53% 11.7 4.2, 16 .7517,18 • 58% (9%) delayed (stopped)

treatment due to AE
NR 63.92% n/a moves to

PD
• $1,84114/month

Patients in all arms, not responding can transition to
PD 1.85,20 1.2, 1.9 .4517 $17,94014

Notes: This table includes all input parameters and assumptions used in the microsimulation model. BR = complete response, very good partial response, or
partial response. MR = minimal response. NR = no response. PD = progressive disease state. AE = adverse events. All parameters are from the respective trials,
unless otherwise noted: DREAMM-2 for Belantamab mafodotin,4 KarMMA for Ide-cel,6 CARTITUDE for Cilta-cel.8 The duration for patients with MR in the
CARTITUDE study were not estimated so we used the values from the KarMMa trial. The cost for patients in the progressive disease (PD) category are based on
a weighted average of monthly pharmacy, medical and severe adverse effect costs14 of these 7 monthly treatment combinations frequently used: panobinostat +
bortezomib + dexamethasone (16%); bortezomib + dexamethasone (16%); lenalidomide + dexamethasone (16%); lenalidomide + bortezomib + dexamethasone
(16%); carfilzomib + lenalidomide + dexamethasone (16%); carfilzomib monotherapy (10%); and pomalidomide + dexamethasone (10%). All cost values have
been converted to constant 2020 U.S. dollars. See supplement for more details on costs.
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Sensitivity Analyses

We conducted several one-way sensitivity analyses to ex-
amine how our results change as we changed modeling as-
sumptions. As noted, we randomly drew the long-term
survival rate for each simulated patient from 0 to 100% (δ
above) with an overall population mean of 50%. In addition,
we conducted probabilistic sensitivity analyses (PSA) using
second-order Monte Carlo simulations (1000 iterations) to
model parameter uncertainty. We allowed duration of treat-
ment values to fall within the ranges shown in Table 1 as-
suming a beta distribution. We allowed the costs to be drawn
from a gamma distribution. All transition and adverse event
probabilities were allowed to vary from 0 to 1 in the PSA. All
analyses were completed in Amua.22

Results

In our base case analysis, we found that CAR-T therapies were
significantly more expensive than belamaf, but they also
generated significantly more lifetime QALY gains. On aver-
age, the cost of belamaf was $65,428, approximately one-
seventh the cost of cilta-cel. The additional QALYs gained,
however were much lower at .52, on average, for patients
simulated to receive belamaf. In Figure 1, we present the
average treatment costs for each strategy (y-axis) and the
average discounted QALYs gained (x-axis) with 95%

confidence intervals shown as dashed lines. Ide-cel is weakly
dominated as the marginal cost per QALY gained is lower for
cilta-cel (as shown by the orange line). In other words, for the
same gain in QALYs, the average treatment cost is lower for
cilta-cel. The ICER is calculated as the increased cost for cilta-
cel relative to belamaf, divided by the increased QALYs
gained: ($477,980 - $65,428)/(4.29 – .52) = $109,497. So, at a
Willingness-To-Pay (WTP) threshold greater than $109,497,
cilta-cel would be the dominant strategy.

In one-way sensitivity analyses where treatment costs and
other assumptions are held constant, the ICER declines as the
survival rate increases (δ) (see Figure 2).

This longer-term survival rate assumption was the most
significant in increasing the uncertainty of our estimates. In
Figure 3, we show a tornado diagram for the modeling pa-
rameters that yielded the greatest changes in our estimates. We
show only model parameters that yielded a change of at least
$5,000 per QY in our ICER estimate. The blue bars represent
estimated ICERs that were lower than our base case estimate
($109,497) and the red bars represent estimated ICERs above
the base case. Although varying the assumptions for longer-
term survival created the most significant variation in our
ICER, several other factors mattered. The costs of CAR-T
therapy, which we allowed to range from $100,000 to
$500,000 also generated uncertainty in our ICER estimate,
but all ICERs were less than $100,000 per QALY gained.

Figure 1. Average treatment costs and QALYs gained across treatment strategies.
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The probability of having AEs among belamaf patients and
whether their treatment was delayed or stopped due to those
AEs yielded ICERs above $100,000 per QALY. An increase in
the probability of CRS among patients treated with CART-cell
therapies also increased the ICER.

Finally, we conducted PSAs to show how parameter un-
certainty affects these estimates and because we know the
longer-term survival assumption is critical to our estimates, we
highlight these results as our preferred estimates in 1000
Monte Carlo second order iterations, we estimated average
total treatment costs as $93,694, $398,529, and $477,900 for
belamaf, ide-cel, and cilta-cel, respectively (see Table 2). The
average QALYs gained ranged from 1.2 to 4.31 across the
three arms. Consistent with our base case analysis, ide-cel was

weakly dominated by cilta-cel (the average cost per QALY
was higher for ide-cel). Thus, we calculated the ICER between
cilta-cel and belamaf, which was an average of $123,618. We
also show the distribution of the iterations where each
treatment strategy (belamaf vs cilta-cel) dominates in Figure 4.
These cost acceptability curves suggest that we should be
indifferent between the two strategies at a WTP threshold of
$123,618.

Discussion

Although recent trials suggest promising evidence that CAR-T
therapy may be an effective treatment for advanced MM
patients, there have been no head-to-head comparisons of

Figure 2. One-way sensitivity of five-year survival rate assumption. Note: This applies to simulated patients who survived until the end of the
20-months of treatment.

Figure 3. One-way sensitivity analyses – tornado diagram.
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these different therapies against each other or other less-costly
alternatives.

In this study, we developed a Markov model to estimate the
cost-effectiveness of two CAR-T therapies – ide-cel and cilta-
cel, compared to belamaf. Thus far, cilta-cel has been shown to
have a higher response rate than ide-cel resulting in it “weakly
dominating” ide-cel. In other words, at the same price, cilta-cel
seems to deliver a greater chance of response relative to ide-cel.

Thus, our main ICER is in comparing cilta-cel to belamaf,
which is significantly cheaper per treatment. However, our
estimates suggest an ICER of $123,618 (as per our proba-
bilistic sensitivity results). Although this is higher than the
standard $100,000 threshold,10,23 it is lower than the ICER
computed by the Institute for Clinical and Economic Research
comparing cilta-cel to a market basket. Their study compares
each therapy against a “market basket” (and not to each other)
and reported ICERs of $98,000, $253,000, and $319,000
respectively for belamaf, cilta-cel, and ide-cel, respectively.

Our total costs differ from the ICER analysis because we
include adverse event costs differently (see Supplemental
Information) and we assigned “progressed treatment costs”
only among patients simulated to have progressive disease.
Our calculations of AEs adjust separately for those patients
simulated to have cytokine release syndrome or neurotoxic-
ities as the average cost of treating that is significantly greater
than most other AEs. We also do not include indirect costs (ie
time of work, transportation costs, etc.).

Currently, data are not available for long-term survival for this
patient population receiving CAR-T therapies. Current estimates
suggest that the median survival period among triple refractory
MM patients, on average is around 13.9 months (95% CI: 10.5-
16.6), but this does not take into account survival rates from these
newer treatments.24 As the recent CAR T-cell trials from which
we derived inputs for our model suggest median survival times
nearly twice as long (not accounting for censoring), longer-term
survival rates are improving significantly.

Table 2. Probabilistic sensitivity analysis cost per qaly gained results.

Total Costs Total QALYs Gained Cost/QALY Delta QALY Delta Costs ICER

Belamaf
Mean $93,694 1.20 $77,884
PSA range ($4,900, $176,000) (0.3) ($30067, $176000)
Ide-cel
Mean $398,529 2.87 $138,812 1.67 $304,835 Weakly dominated
PSA range ($392,000, $450,000) (1,6) ($65500, $449000)
Cilta-cel
Mean $477,900 4.31 $110,856 3.11 $384,206 $123,618
PSA range ($467,000, $543,000) (1.8) ($63000, $538000) ($63148, $775853)

Figure 4. Cost acceptability curves from probabilistic sensitivity analysis.
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As CART therapy options increase, we might expect the
treatment costs to decline which would increase the ICERs and the
likelihood that patients/payers would be willing to cover these
costs and the likelihood that providers suggest these options earlier.

We note the following limitations to our analysis. Our
model is limited by the parameters that were available for use
based on the clinical trials to date, all of which are single-
armed. Other studies have suggested that these therapies may
not perform as well in the “real world,”which would affect our
conclusions. Although we did conduct sensitivity analyses,
our results are representative of what we would expect given
patient populations that are like those observed in the trials.
Notably, as our analysis is based on patients with advanced
disease (triple-class refractory patients), the longer-term sur-
vival may be higher, on average, among patients treated
earlier. This has implications for the cost effectiveness ana-
lyses, as more life years gained over which to spread the
treatment costs yields more favorable ratios for costly treat-
ments. In addition, there are other challenges with CAR-T
therapy that we were not able to include in this analysis,
including delays from prolonged manufacturing times,
manufacturing failures, and other clinical or logistical chal-
lenges for which we do not have costs. Finally, we are unable
to examine the extent to which there may be disparities in
access to and use of these therapies which may generate
additional unintended consequences.

Conclusions

With a constantly evolving treatment landscape in MM, and
ongoing clinical trials focused on using CAR T-cell therapies
in earlier lines of treatment, our results provide a critical
understanding of the cost-effectiveness of novel MM thera-
pies. Importantly, although treatment costs are relatively high
for these novel therapies, our work suggests that CAR-T cell
therapies can be cost effective at most conventional thresholds
for patients with relapsed/refractory MM.
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