International Journal of

=
Environmental Research ﬂw\DP|
and Public Health Z
Commentary

Price and Prejudice? The Value of Chimeric Antigen Receptor
(CAR) T-Cell Therapy

Gyeyoung Choi ¥/, Gyeongseon Shin ® and Seung]Jin Bae *

College of Pharmacy, Ewha Womans University, Seoul 03760, Korea
* Correspondence: sjpae@ewha.ac.kr

Abstract: Although chimeric antigen receptor (CAR) T-cell therapy has shown a high response rate in
lymphoma patients, its cost-effectiveness is controversial due to the high price and uncertainty of the
clinical evidence. In addition to the high acquisition cost of CAR T-cell therapy, procedure and facility
cost increase the financial burden considering the frequency of adverse events such as cytokine
release syndrome. In clinical research, relatively short follow-up periods were used compared to
traditional cancer agents. In addition, head-to-head comparative effectiveness data are unavailable,
which is an important factor when evaluating the cost-effectiveness of a new treatment. Additional
evidence that will compensate for the uncertainty of existing clinical data is needed for full evaluation
of long-term efficacy, safety, and comparative effectiveness.
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ﬁ*;‘;cgtfgsr 1. Introduction
Citation: Choi, G.; Shin, G.; Bae, S. Since tisagenlecleucel (Kymriah®) was approved by the Food and Drug Administra-
Price and Prejudice? The Value of tion (FDA) in 2017 as the first-in-class chimeric antigen receptor (CAR) T-cell therapy for
Chimeric Antigen Receptor (CAR) the treatment of relapsed/refractory acute lymphoblastic leukemia (ALL), four additional
T-Cell Therapy. Int. J. Environ. Res. CAR T-cell therapy products have been approved [1]. Due to its groundbreaking treatment
Public Health 2022, 19, 12366. mechanism and high response rate in clinical trials [2], CAR T-cell therapy is regarded as
https:/ /doi.org/10.3390/ the most promising treatment for intractable hematologic malignancies [3]. We searched
ijerph191912366 CAR T-cell therapy clinical trials through PubMed and Google Scholar, with the population

being mainly adult patients with lymphoma, interventions being CAR T-cell therapy ap-
proved by the FDA, comparisons being the standard of care for the specific lymphoma, and
outcomes being objective response rate, complete response rate, and adverse events. The
Received: 12 August 2022 search terms included tisagenlecleucel, axicabtagene ciloleucel, brexucabtagene autoleu-
Accepted: 22 September 2022 cel, lisocabtagene maraleucel, idecabtagene vicleucel, and ciltacabtagene autoleucel. The
Published: 28 September 2022 search was performed between 1 August 2022 to 15 September 2022. As a result, twelve
Publisher’s Note: MDPIstays neutral ~ Studies for the six CAR T-cell therapies were selected. Table 1 summarizes the CAR T-cell
with regard to jurisdictional claimsin ~ therapies and the information for their representative clinical trials. In clinical trials of
published maps and institutional affil-  tisagenlecleucel [4], complete remission occurred in 6 of 14 patients (43%) with diffuse
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iations. large B-cell lymphoma (DLBCL) and 10 of 14 patients (71%) with follicular lymphoma.
All patients in complete remission by 6 months remained in remission 7.7 to 37.9 months
(median, 29.3 months) after induction [4]. In another clinical study, 89 of 108 assessable

patients (82%) with refractory large B-cell lymphoma treated with axicabtagene ciloleucel
achieved an objective response, and complete responses were noted in 63 patients (58%) [5].
This is a marked improvement compared with salvage chemotherapy regimens including
rituximab in large B-cell lymphoma patients, where 20% survived at 5 years of follow-up,
and only 7% achieved a complete response [6]. CAR T-cell therapy provides a promising
option for patients with hematologic malignant neoplasm where standard treatment does
not respond or exist, and may cure patients with ALL without transplant [7-10].
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Table 1. CAR T-cell therapies and their clinical trial information.

Median
CAR T-Cell Population Study Stu‘d y Follow-Up Efficacy Safety Ref.
Therapy Phase (n) Design .
Period
Pediatric and young
adult patients with
Bl preurr e ox s o3t
. 2 (n="75) . ’ 13.1 months 71 to 89), CRS 77% [11]
lymphoma that is single arm .
; CRR 60%
refractory or in
second or
later relapse
Adult patients with
tisagenlecleucel rel(arp/sgc}a(;; Zegz;:ﬁ)ry Openlabel ORR 53.0% (95% CI
1 2 (n=93) ; ’ 40.3 months 43.5-62.4), CRS 27% [12]
ymphoma after two single arm o
: CRR 39%
or more lines of
systemic therapy
Adult patients with CRS 48.5%
relapsed or refractory CRR 69.1% (95% CI, (grade > 3, 0%),
(r/1) follicular _ Open-label, 58.8-78.3), neurological events
lymphoma (FL) after 2"~ ginglearm  1699mOnths  opR862% (95% CI,  37.1% (grade >3, L[
two or more lines of 77.5-92.4) 3%) ICANS 4.1%
systemic therapy (grade > 3, 1%)
Adult patients with
relapi’aef grB{iferl?Ctory Open-label ORR 82% (95% CI,
& 2 (n=92) P 154 months 72-89), CRS grade > 3,13%  [14]
lymphoma after two single arm 5
. CR 54%
or more lines of
systemic therapy
Adult patients with
relapsed or refractory ORR 89% (95% CI,
follicular lymphoma _ Open-label, 75-97) o
axicabtagene after two or more 2 (n=40) single arm 15.9 months CRR 78% (95% CI, CRS grade > 3, 8% [15]
ciloleucel lines of 62-90)
systemic therapy
Adult patients with
lyf;;;g(fn'f;‘;gt . ORR: 83% vs. 50%
refractory to first-line SO[(gié;délIs 1'3a§1_0é 2231 CRS grade > 3, 6%;
chemoimmunother- 3(m=359) Randomized 24.9 months °< 0 000 1] " neurologic events [16]
apy or that relapses ps> o grade > 3,21%
A CRR 65% vs.
within 12 months of
o ) 32% SOC
first-line chemoim-
munotherapy
Adult patients with ORR 93% (95% CI, CRS grade > 3, 15%;
relapsed /refractory _ Open-label, 84 to 98) .
2 (n = 60) . 12.3 months o o neurologic events [17]
mantle single arm CRR 67% (95% CI, o
grade > 3, 31%
cell lymphoma 53 to 78)
brexucabtagene
autoleucel Adult patients with
relapsed or refractory Open-label CRS grade > 3, 24%;
(r/1) B-cell precursor 2 (n =55) P ’ 16.4 months CRR 56% neurological events [18]

acute lymphoblastic
leukemia

single arm

grade > 3, 25%
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Table 1.

Cont.

CAR T-Cell
Therapy

Population

Study
Phase (n)

Study
Design

Median
Follow-Up
Period

Efficacy

Safety

Ref.

lisocabtagene
maraleucel

Adult patients with
relapsed or refractory
large B-cell
lymphoma after two
or more lines of
systemic therapy

1 (n=269)

Open-label,
single arm

18.8 months

ORR 73%, (95% CI
66.8-78.0),
CRR 53%, (95% CI
46.8-59.4)

CRS 42%
(grade > 3, 2%),
neurological events
30% (grade > 3, 10%)

[19]

Adult patients with
diffuse large B-cell
lymphoma (DLBCL)
not otherwise
specified (including
DLBCL arising from
indolent lymphoma),
high-grade B-cell
lymphoma, primary
mediastinal large
B-cell lymphoma,
and follicular
lymphoma grade 3B

3 (n=184)

Randomized

6.2 months

CRR 66% vs.
39% SOC

CRS 49%
(grade > 3, 1%),
neurological events
12% (grade > 3, 4%)

[20]

idecabtagene
vicleucel

Adult patients with
relapsed or refractory
multiple myeloma
after four or more
prior lines of therapy

2 (n=128)

Open-label,
single arm

13.3 months

ORR 73%
CRR 33%

CRS 84%
(grade > 3, 5%)

[21]

ciltacabtagene
autoleucel

Adult patients with
relapsed or refractory
multiple myeloma
after four or more
prior lines of therapy

1b/2
(n=97)

Open-label,
single arm

12.4 months

ORR 97% (95% CI
91.2-99.4),
CRR 67%

CRS 95%
(grade > 3, 4%)

[22]

CI, confidence interval; CRR, complete response rate; CRS, cytokine release syndrome; ORR, objective response
rate; SOC, standard of care.

Despite the remarkable outcomes in clinical trials, there are barriers to access CAR

T-cell therapies. Obviously, high price is the first barrier. The acquisition cost of CAR
T-cell is between $373,000 to $475,000 per infusion, excluding extra procedures and facility
costs [23]. Moreover, the therapies are usually performed in an inpatient environment since
it requires the infusion of modified T cells and consequent monitoring of the disease status,
costing an additional $79,466 to $85,267 [10].

The second barrier is the serious adverse effects. The development of cytokine release
syndrome was the most frequent consequence of CAR T-cell immunotherapy (CRS) [24].
In the phase 1 and 2 clinical study of tisagenlecleucel, CRS occurred in 58 of 75 patients
(77%) and 35 of 75 patients (47%) were admitted to the intensive care unit for management
of CRS [11]. CRS is a systemic inflammatory response observed after adoptive T-cell
therapy [25]. It is triggered by activated T-cells releasing cytokines and chemokines, as
do other immune cells such as monocytes, macrophages, and dendritic cells [26]. Severe
increases in cytokine levels can affect any organ in the body, including cardiovascular,
respiratory, integumentary, gastrointestinal, hepatic, renal, hematological, and nervous
systems, and can be lethal to cancer patients [27]. The cost of treating CRS ranges from
$30,000 to $56,000 per patient [28]. The total treatment cost for CAR T-cell therapy has been
estimated to reach up to $500,000 for patients with severe CRS [28].

The last barrier is the lack of clinical data available for cost-effectiveness analysis. To
conduct cost-effectiveness analysis, we need to know if the improved survival /response
rate observed in clinical trials is attributable to the difference in patient characteristics
or treatment regimens [23,29-32]. However, CAR T therapy has been approved based
on single-arm, open-label, phase 1 or 2 studies [4,11,30], which leads to a weakness of
understanding of the comparative effectiveness of CAR T-cell therapy vs. comparator(s).
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Several studies have assessed the value of CAR T-cell therapy and reported a favorable cost-
effectiveness ratio when the willingness to pay threshold is $150,000/ QALY [23,29,31,33],
but there are many uncertainties. Furthermore, CAR T-cell therapies lack long-term effec-
tiveness data, which are a critical determinant of cost-effectiveness. As summarized in
Table 1, the longest median follow-up period of a CAR T-cell therapy was 40.3 months of
tisagenlecleucel. In most other studies the median follow-up period was roughly around
12 months. In a study conducted by Lin et al. (2018) [29], the authors relied on the assump-
tion of a 40% 5 year relapse-free survival rate that resulted in a 21.1 year increase in life
expectancy and $61,000 per life-year or quality-adjusted life year (QALY) gained. However,
there is the possibility of a 20% or even lower 5 year relapse-free survival rate, and this
would reduce QALYs and increase costs.

In 2021, 299 new agents were added to the pipeline for CAR T-cell therapy, which is a
35% increase from 2020 [34]. Various treatment options that might provide improved effi-
cacy and safety are being developed. However, from the payers’ perspective, an increasing
number of expensive therapies with uncertain clinical value could raise affordability issues,
given that the healthcare budget is limited in public health insurance.

2. Proposal & Conclusions

Due to the high price of CAR T-cell therapy, cost-effectiveness analysis plays a sig-
nificant role in evaluating the value of the drug and providing treatment options. We
make several suggestions to address the uncertainty raised earlier in the cost-effectiveness
analysis of the therapy.

2.1. Long-Term Follow-Up Studies with a Larger Number of Participants Are Needed

The need for long-term follow-up, comparative effectiveness, and safety data has been
repeatedly brought up as a way to reduce uncertainty in the economic evaluation of CAR
T-cell therapy [23,30,32]. As mentioned above, the value assessments were mainly based
on phase 1 or 2, single-arm studies that were performed in a small number of subjects for a
relatively short period. Because long-term follow-up data are not available, whether CAR
T-cell therapy is safe and effective compared to existing options remains unclear from a
long-term perspective.

In addition, although the indications for CAR T-cell therapies are expanding through
clinical studies, a limited number of patients were included in each trial of lymphoma. The
cost-effectiveness study of Sakar et al. [30] used the results of a phase 2 trial of pediatric re-
lapsed /refractory B-cell acute lymphoblastic leukemia, which showed an overall remission
rate of 81% among 75 patients [11]. However, there was a fraction of patients who could
not receive the intended CAR T therapy due to manufacturing issues or death and the
outcomes of these patients were not reported. Incorporating these patients into the model
would further increase the uncertainty of cost-effectiveness [30]. Obtaining additional data
is not free, yet it may be the most fundamental solution.

2.2. Head-to-Head Studies Should Be Conducted

Adding the results of head-to-head trials could also lower the uncertainty of cost-
effectiveness analysis. The CAR T-cell therapy outcomes used in existing analyses were com-
pared with historical controls and comparative evidence is lacking. There are phase 3 studies
that compared CAR T-cell therapy with standard of care therapy, although only preliminary
results are available (BELINDA study [35] and ZUMA-7 study [36]). Incorporating direct
comparison data into the models would increase the reliability of cost-effectiveness analysis.

2.3. Efforts beyond Valuation

In the meantime, an outcome-based risk sharing agreement, which reimburses pa-
tients based on outcome (i.e., response rate) and collects patient-level data, may be an
option to decrease uncertainty from a payer’s perspective. In addition, pharmaceutical
companies should also make an effort to lower the price by increasing the transparency of
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the pharmaceutical supply chain or changing the manufacturing process of CAR T-cells to
in-house manufacturing under current good manufacturing practice (cGMP) conditions.

The price of CAR T-cell therapy is obviously high. The prejudice related to its value
can only be addressed by collecting relevant data and reducing the uncertainty of cost-
effectiveness analysis.
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