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Abstract

Chimeric antigen receptor T-cell (CAR-T) therapy is a revolutionary cancer treatment modality where a patient’s own T cells
are collected and engineered ex vivo to express a chimeric antigen receptor (CAR). These reprogrammed CAR-T cells, when
reinfused into the same patient, stimulate a T-cell mediated immune response against the antigen-expressing malignant cells
leading to cell death. The initial results from pivotal clinical trials of CAR-T agents have been promising, leading to multiple
approvals in various hematologic malignancies in the relapsed setting, including acute lymphoblastic leukemia (ALL), dif-
fuse large B-cell lymphoma (DLBCL), mantle cell lymphoma, follicular lymphoma, and, more recently, multiple myeloma.
However, since the initial trials and US Food and Drug Administration approvals, there have been significant barriers to the
widespread use of this therapy. The barriers to the use of CAR-T therapy include complex logistics, manufacturing limita-
tions, toxicity concerns, and financial burden. This review discusses potential solutions to overcome these barriers in order
to make this life-changing therapy widely accessible.

CAR-T cell therapy has shown promising results in mul-
tiple clinical trials, though there are significant barriers
to its widespread use.

Such barriers include complex logistics, concerns over
toxicity, and financial burden.

Despite the barriers and challenges, the positive out-
comes seen as a result of CAR-T therapy outweigh the
barriers and justify its continued use and development.
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Table 1 Approved chimeric antigen receptor T-cell (CAR-T) therapies and associated costs

Drug name Commercial name Initial publication N (patients) Date of FDA Approved indica- Cost (per infusion)
approval tions US$
Tisagenlecleucel Kymriah Maude, S., et al., 75 *30 Aug. 2017 *r/r ALL *$475,000
2018 [1] ##] May 2018 **r/r DLBCL *%$373,000
Axicabtagene cilo-  Yescarta Neelapu, S., et al., 101 18 Oct. 2017 r/r DLBCL $373,000
leucel 2017 [2] 5 Mar. 2021 1/r Follicular Lym-
phoma
Lisocabtagene Breyanzi Abramson, J., etal., 256 5 Feb. 2021 r/r DBLCL and fol- $410,300
maraleucel 2020 [33] licular lymphoma
grade 3B
Brexucabtagene Tecartus Wang, M, et al., 68 *#24 Jul. 2020 *Mantle cell lym- $373,000
autoleucel 2020 [36] Shah 71 #*] Oct. 2021 phoma
etal., 2021 [34] *#r/r ALL
Idecabtagene Abecma Munshi, N., et al., 128 26 Mar. 2021 Multiple myeloma  $419,500
vicleucel 2021 [18]

r/r relapsed/refractory, ALL acute lymphoblastic leukemia, DLBCL diffuse large B-cell lymphoma

*Denotes date and indication of initial approval

**Denotes date and indication of subsequant approval

has been approved for use in additional hematological malig-
nancies, including follicular and mantle cell lymphomas as
well as multiple myeloma. Additionally, hundreds of clinical
trials are currently being conducted using CAR-T therapies
in various other solid tumor malignancies, such as glioma,
sarcomas, and pancreatic cancer [3].

Despite the many FDA approvals and promising clinical
data being produced, CAR-T therapy is not an option for
every patient. Several barriers exist that keep CAR-T from
widespread use. These barriers can be grouped into three
broad categories: challenges associated with the CAR-T
product itself, concerns regarding clinical outcomes, and
questions regarding the cost-benefit analysis of this expen-
sive therapy (Table 1). These realities force us to consider
the question: is it possible and worthwhile to overcome the
many barriers that may prevent the widespread use of this
treatment?

2 Product-Related Barriers
2.1 Patient Eligibility

Despite the impressive responses to CAR-T therapy, one of
the first barriers to utilization is patient eligibility. It is well
documented that clinical trials have strict inclusion criteria
and the patient population that is studied is not always rep-
resentative of real-world patients [4].

Over the last few years, multiple studies in lymphoma
and leukemia have examined real-world evidence (RWE) to
determine if CAR-T therapy is effective in a broader range
of patients. In these studies, the average ages were older
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compared to the clinical trials, and patients had other dis-
eases (e.g., HIV and hepatitis), which would have excluded
them from the original studies [5, 6]. Despite higher co-
morbidities, these patients had similar outcomes to those
included in the initial clinical trials [5—7]. These RWE stud-
ies provide an important insight into the feasibility of using
CAR-T therapy for a wider array of patients and could help
CAR-T therapy centers select patients who might have been
excluded in clinical trials.

2.2 Treatment Centers and Current Delivery Model

Another potential barrier to CAR-T therapy is the current
paradigm for how this therapy is delivered. Traditionally,
CAR-T therapy has been given in an inpatient setting, usu-
ally at a large academic medical center [8, 9]. This creates
two barriers: one being the issue of a patient’s geographi-
cal proximity to treatment, the other being the costs asso-
ciated with inpatient therapy. If CAR-T therapy is only to
be delivered at large, academic medical centers, there is a
barrier to referral if patients do not live near one of these
institutions [10]. A potential solution to this issue, and
one that is receiving growing attention, is the possibility
of delivering CAR-T therapy in community-based oncol-
ogy clinics and hospitals. This would require additional
training and resources for these centers to be approved to
administer CAR-T therapy but would significantly increase
patient access.

Somewhat hand in hand with moving CAR-T therapy
to the community setting is the idea of providing CAR-T
therapy as an outpatient procedure. This could be done
in community oncology practices and could reduce costs
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associated with inpatient stays. Patients still need to reside
within 30-60 min of the treatment center for weeks after
treatment so that they can be monitored for adverse effects
immediately following CAR-T administration. Trial data
have shown that a significant fraction of patients treated
in the outpatient setting require subsequent hospitaliza-
tion, often related to life-threatening side effects, includ-
ing cytokine release syndrome (CRS) and immune effector
cell-associated neurotoxicity syndrome (ICANS) [8, 9].
Although the feasibility of outpatient delivery has been
demonstrated in several trials [1, 11, 12], this may be
driven by patient characteristics that need to be considered
in deciding the setting for care delivery. Thus, an assess-
ment of the patient’s risk of these side effects, time to onset
of CRS and ICANS, and the extent to which the patient
has access to trained providers and caregivers are needed
to determine whether the outpatient setting is appropri-
ate. To mitigate risks, outpatient centers will need to have
detailed safety protocols in place and ample resources to
treat patients with CRS and ICANS; that includes not only
physical resources (e.g., hospital access and medication),
but also proper training of clinical staff [13, 14].

Currently, there is not a robust model or system for deliv-
ering CAR-T therapy as an outpatient procedure, but as the
field continues to evolve, this may become a reality. Through
changes to the therapy itself (e.g., fewer side effects from
newer therapies), and better identification of patients suited
for outpatient therapy (e.g., discussion of patient cases dur-
ing tumor-boards), the outpatient model could be imple-
mented in the future.

2.3 Slow Prior Authorization Process

Another barrier to treatment, though not unique to CAR-T
therapy, is prior authorization from insurance providers. The
process of receiving prior authorization can be very time-
consuming, which is a particularly salient issue for patients
referred for CAR-T therapy. These patients are often required
to have r/r disease and must have previously failed other
forms of treatment. In other words, these patients tend to be
very sick and need care quickly. Previous studies have shown
that, frequently, patients do not receive prior authorization
in a timely enough manner and the clinical team will either
refer patients to another type of therapy or patients may suc-
cumb to the disease while waiting on prior authorization.
Various solutions can be considered to speed along prior
authorization, such as having a streamlined process that is
uniformly adaptable amongst various CAR-T products, cre-
ating a pre-approval process that is standardized amongst
various insurance companies, and employing the assistance
of third-party companies [15].

2.4 Complex Manufacturing

An additional pressing issue is that of lengthy “vein-to-vein”
time, referring to the gap of time between leukapheresis and
CAR-T administration. This process can take several weeks,
and by the time the CAR-T cells are ready, patients may
become ineligible due to disease progression or worsening
organ function [16]. The process of engineering CAR-T cells
for individual patients is laborious. Manufacturing is typi-
cally only done at a select number of sites, so cells must be
collected and shipped to these manufacturing sites for T-cell
engineering. After CAR-T manufacturing, the cells have to
undergo rigorous quality and safety checks, making the vein-
to-vein time longer. One way to diminish this barrier is the
creation of allogeneic, as opposed to autologous, CAR-T
cells. Allogeneic therapy is not without its own challenges
(e.g., graft vs. host disease), but it could eventually lead to
banks of preserved CAR-T cells at individual hospitals that
could be given to patients on a much shorter timeline [17].

Another approach to reducing vein-to-vein time, reduc-
ing production cost, and increasing scalability of a decen-
tralized CAR-T production model has been explored. This
can be achieved by producing CAR-T products in academic
hospitals, using GMP grade facilities, or automated CAR-T
manufacturing using devices like the Miltenyi Prodigy
system or the Lonza Cocoon incubator. In countries like
Switzerland with a more permissive regulatory environ-
ment, hospitals are manufacturing CAR T cell therapies at
US$150,000-US$200,000, approximately half the price of
most approved CAR-T cell therapies in the USA. However,
in the USA, CAR-T cell therapies irrespective of the site of
production (e.g., academic vs. industry) must undergo the
same regulatory and pre-market approval as drugs, limiting
its widespread application.

3 Clinical Outcomes

The initial data with CAR-T therapy in clinical trials showed
striking efficacy in patients with r/r DLBCL or ALL who did
not respond to other forms of treatment [1, 2, 18, 19]. The
outcome of CAR-T therapy was supposed to be remission for
the vast majority of patients. However, these initial data have
been somewhat clouded by potentially serious side effects
associated with CAR-T therapy, as well as the tendency for
the disease to relapse after their initial response to treatment.
While some patients will have a complete response and dis-
ease will enter remission after CAR-T therapy, others will
experience significant adverse events or disease relapse. Do
these possibilities, that there may be life-threatening side
effects or even just the return of the disease, discredit the
successful outcomes seen with CAR-T therapy?
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3.1 Therapy-Related Toxicities

To answer this question, we first must discuss and under-
stand the most common side effect associated with CAR-T
therapy, which is CRS. CRS occurs in almost all patients
who receive a CAR-T infusion and can be relatively mild
to life-threateningly severe [20-22]. Patients will typically
develop a fever and can also develop hypotension, tachy-
cardia, and organ failure; the most severe forms of CRS
can result in death [21]. However, physicians are becoming
more and more familiar with identifying CRS and treating
it before it reaches a level where it can be fatal. Addition-
ally, physicians are beginning to identify which patients are
most likely to have severe CRS or other side effects [23].
There are several strategies to combat CRS when it does
occur, such as the interleukin 6 (IL-6) receptor inhibi-
tor tocilizumab and corticosteroids [24]. Other common
CAR-T therapy side effects include ICANS and tumor lysis
syndrome (TLS). IL-6 inhibitors, corticosteroids, and anti-
convulsant therapy can aid in treating ICANS [24]. TLS is
managed with standard supportive care [25]. In addition to
these strategies that are currently used to manage CAR-T
toxicities, there is also the possibility of modifying the chi-
meric antigen receptors (CARs) to eliminate these toxicities.
This includes tactics such as modifying CARs to contain a
safety switch to turn off CAR-T cell activity or using human-
derived antibody fragments for CARs (as opposed to mouse)
to decrease immune activation [26, 27].

3.2 Patient Survival and Relapse

Along with the issue of severe toxicities associated with
CAR-T therapy, disease relapse must also be taken into con-
sideration when assessing the costs and benefits. The initial
CAR-T trials showed amazing results, particularly when con-
sidering how sick the patients were and the fact that they had
failed and relapsed with multiple other treatment modalities

(Table 2). However, as CAR-T therapies continue to be used,
it is becoming clear that long-term remission is not achieved
for every patient. The 5-year progression-free survival rate
was recently reported as 31% for patients with DLBCL and
43% for patients with follicular lymphoma who received
tisa-cel [28]. Further, the 4-year overall survival rate for
patients with DLBCL who received axi-cel was reported as
44% [29]. While these numbers are certainly impressive, it
leaves a large portion of patients who experience the return
of their disease. A study that examined multiple ALL clini-
cal trials using CAR-T therapy determined that anywhere
from 30 to 60% of patients will experience disease relapse
after therapy, often within months of the treatment [30].
Similarly, a study conducted on patients receiving CAR-T
therapy for DLBCL demonstrated that approximately 50%
of patients experienced disease relapse, and relapse occurred
on average 30.5 days post-infusion [31].

Relapse in CAR-T-treated patients can either be due to
CD19-positive (CD19+) or CD19-negative (CD19-) diesase,
referring to the status of the CD19 antigen on the B-cell
surface. When patients relapse but are CD19+, this is likely
due to a failure of the CAR-T cells to persist in the patient.
Initial studies had shown that the costimulatory domain of
CARs can contribute to their persistence in the patient, par-
ticularly that the 4-1BB costimulatory domain (used in tisa-
cel and liso-cel) allows CAR-T cells to persist longer [32].
However the hypothetical benefit of persistence of CAR
based on the costimulatory domain was challenged by the
excellent long-term survival in patients receiving the axi-
cel compound with CD28 as the costimulatory domain. It
is also possible for patients to have a CD19- relapse, where
the cancerous cells acquire a frameshift mutation or a dele-
tion in the CD19 gene so that the cells can evade detection
by CAR-T cells [30]. For the patients experiencing CD19+
relapse, multiple factors are likely at interplay including the
health of T cells, murine scFv, type of viral vector on top
of CAR-T persistence. Research continues to be conducted

Table 2 Chimeric antigen receptor T-cell (CAR-T) survival outcomes from pivotal clinical trials

Commercial name Drug name Median OS, months Median PFS, months Median CR PR References
follow-up,
months
Kymriah Tisagenlecleucel 11.1 2.9 40.3 39% 14% [1]
Yescarta Axicabtagene cilo- 25.8 8.3 51.1 54% 21% [2]
leucel
Breyanzi Lisocabtagene 27.3 6.8 17.7 54% 19% [35]
maraleucel
Tecartus Brexucabtagene MCL—15 MCL—9 MCL—12.3 MCL—67% MCL—25% [36-38]
autoleucel ALL—18.2 ALL—11.6 ALL—22.1 ALL—52% ALL—n/a
Abecma Idecabtagene vicleu- 22 8.6 24.8 33% 20% [18]
cel

OS overall survival, PFS progression-free survival, CR complete response, PR partial response, MCL mantle cell lymphoma, ALL acute lympho-

blastic leukemia
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to understand which patients are most likely to experience
disease relapse, as well as how to engineer CAR-T therapies
to avoid relapse and achieve long-term remission in the larg-
est number of patients.

3.3 Post-CAR-T Healthcare Utilization

A final point of consideration regarding patient outcomes
is the additional healthcare utilization (HCU) after treat-
ment and therefore the cost of this care. Considering the
potential side effects and the fact that not all patients will
stay in remission after CAR-T therapy, many patients will
need care in addition to the CAR-T treatment itself. A ret-
rospective study examining post-CAR-T HCU in patients
with lymphoma found that 28.1% of patients were admitted
to the hospital at least once within 3 months of receiving
CAR-T therapy, and 15.5% of patients had at least one inten-
sive-care admission within 3 months of receiving therapy
[39]. Another study examined HCU pre- and post-CAR-
T administration in DLBCL patients and found that there
were fewer ambulatory and emergency department visits
in the months following CAR-T as compared to the months
before; although patients are returning to the hospital, HCU-
related costs were significantly lower after treatment [40].
Multiple studies have demonstrated that the most signifi-
cant costs post-CAR-T are incurred when patients develop
severe CRS or neurological events (grade > 3 CRS) [41,
42]. Despite this, an analysis of Medicare claims suggests
that the cost of treatment in the 6 months following CAR-T
infusion is significantly lower (39%) than in the 6 months
preceding treatment [43]. It is somewhat unsurprising that
patients require additional HCU after CAR-T therapy, as
they likely would with any treatment (e.g., autologous stem
cell transplant). While it is difficult to directly compare the
post-treatment HCU costs of CAR-T with another therapy,
the good news relative to CAR-T is that the cost of treating
patients does tend to be much lower after CAR-T therapy.
Additionally, if newer generations of CAR-T agents have a
more favorable toxicity profile, reducing the cost burden of
managing acute adverse events, it may be even more eco-
nomically advantageous to utilize CAR-T therapy.

4 Cost-Benefit Analysis

When performing financial cost-benefit analyses in health-
care, the cost of therapy and the additional quality-adjusted
life years (QALYs) gained are both taken into account. Ide-
ally, these costs and benefits should be compared to coun-
terfactual treatment that the patient would receive in the
absence of CAR-T therapy. In the USA, a cost per QALY
of US$100,000-US$150,000 has been considered the

threshold for whether a therapy is cost-effective [35]. Since
the approval of CAR-T therapies, several studies have
examined their value based on these metrics. Of the three
studies that examined tisa-cel for the treatment of pediatric
B-ALL, each determined that the cost per QALY was less
than US$100,000; however, the cost per QALY depends on
the assumptions for longer-term survival (i.e., > 5 years)
[44-46]. In a study that focused on adult patients receiving
tisa-cel for the treatment of DLBCL, the cost per QALY
ranged from US$168,00 to US$337,000, again depending
on the longer-term assumptions [47]. The cost per QALY
for axi-cel in DLBCL was higher and varied across stud-
ies and assumptions, ranging from US$58,146 [48] to
US$230,900 [49] per QALY gained. It is also important to
note that these studies include not only the cost of therapy
itself, but short-term and long-term monitoring of patients
and treatment of side effects.

With these initial data in mind, it seems that CAR-T ther-
apy usage could certainly be justified, though there are many
caveats to these findings. On one hand, CAR-T therapy has
not been in use long enough to fully know the frequency of
late relapse, long-term adverse effects leading to additional
costs of care later in a patient’s life, and how many patients
will experience long-term remission of their disease. On
the other hand, these numbers do not consider the contribu-
tions that a CAR-T recipient may make to society and the
economy if they were to have a long remission as a result of
therapy. Another point of consideration is that CAR-T has
often been used for patients with relapsed/refractory disease.
Patients are typically later in their cancer treatment journey
when they receive CAR-T therapy, which could contribute
to lower survival rates. If CAR-T therapy were used earlier,
survival benefits might potentially increase, simultaneously
adjusting the QALY to show even stronger justification for
the use of CAR-T. Early data from studies utilizing CAR-T in
first relapse show promising efficacy results when compared
to standard of care, largely autologous stem cell transplant
[50, 51]. Similarly, improved communication between the
referring physician and CAR-T centers is critical for suc-
cessful therapy, as it could lessen the time between referral
and treatment delivery. Timing is of the utmost importance
when it comes to success in CAR-T therapy, as patients often
become too sick or succumb to the disease by the time they
can actually receive treatment. Improved and streamlined
communication could greatly improve the speed at which
patients receive therapy, ultimately leading to better treat-
ment outcomes. By continuing to improve CAR-T therapy
manufacturing, access, and timing of therapy, ideally the
success rate of therapy will increase, and the costs associ-
ated with CAR-T toxicities may also decrease. Both sce-
narios would help tilt the scales in favor of CAR-T, providing
enough benefit to justify its cost.
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A final point to consider is the rapidly evolving CAR
therapy landscape. First, there is a growing interest in mul-
tiple CAR-T cell infusions. While the data are nascent on
this topic, providing multiple infusions would certainly drive
up the cost of CAR-T therapy, though it could improve sur-
vival to a degree that still makes this therapy cost-effective.
Additionally, there are countless trials that are currently
exploring the use of allogeneic CAR-T therapy, CAR-natu-
ral killer (CAR-NK) cell therapy, and CAR-T therapy with
various new targets. Though the data are immature on these
new therapies at the moment, it stands to reason that the
potential for off-the-shelf therapy, or possibly more effective
autologous therapy, could both provide improved survival
outcomes for patients, which would ultimately impact the
cost-benefit analysis as well.

It is also relevant in this conversation to discuss the
cost of similarly targeted drugs, such as blinatumomab
and tafasitamab. Both of these drugs capitalize on some of
the same principles of CAR-T therapy, but differ in a few
key ways. Blinatumomab is a bi-specific T-cell engager
(BiTE) therapy that does not require personalized treat-
ment for each patient as it recognizes conserved sites on
T cells (CD3) and B cells (CD19) and is approved for use
in ALL [52]. Tafasitamab is a monoclonal antibody to the
CD19 antigen on B cells, approved for use in patients with
relapsed DLBCL [53]. When these two agents were initially
approved, their price tags seemed incredibly high, in the
range of US$100,000 per year [52, 54]. While it is difficult to
directly compare these agents, given the different approved
indications and variability in patient populations, none
of these can exactly be considered conventionally afford-
able therapies. Blinatumomab and tafasitamab may seem
cheaper, but theoretically require more doses than a single
CAR-T infusion, making it unclear if they really are any
more affordable. With all of this in mind, it is abundantly
clear that treating these malignancies does not come cheap,
though most studies would suggest that the cost does justify
the benefits.

5 Reimbursement Challenges

Reimbursement challenges have been at the center of discus-
sion since the FDA approval of CAR-T therapy. The Centers
for Medicare and Medicaid Services (CMS) reimbursement
plan has two main components: (1) Medicare Severity-Diag-
nosis Related Group (MS-DRG) and (2) New Technology
Add-On Payments (NTAP)—class of reimbursement to help
pay for new technology that is not included in the MS-DRG
payment [55]. A non-specific MS-DRG (MS-DRG 016) was
first introduced in October 2017 and included a payment
between US$6000 and US$16,000. Since then, MS-DRG
has continued to be evaluated with the MS-DRG 016 used
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between 1 October 2018, and 30 September 2020, to pay
US$43,094. On 1 October 2020, MS-DRG 018 was intro-
duced, which provided a base payment rate of US$239,929.
It is anticipated that in 2022, the MS-DRG 018 will increase
by approximately US$7025, for a total of US$246,958.

Over the last 5 years, we have seen a constant change with
slow but steady improvements in the overall reimbursement
for CAR-T therapy. However, as suggested by key national
organizations like the American Society of Clinical Oncol-
ogy, these reimbursements still fall short, especially with
the minimum estimated cost of CAR-T therapy and related
services at US$419,238 [56, 57].

Alternative payment models are being continually
explored, with two main strategies. One strategy recom-
mends a bundled payment (or global payment) that includes
packaging all costs of care in a one-time payment. The
second is a completely opposite strategy, referred to as
an outcome-based agreement (OBA) or value-based pay-
ment. Novartis was the first to introduce OBA for pediatric
induction for Kymriah. In this model, the hospital does not
receive an invoice for the CAR-T product if the patient fails
to achieve a complete response by the 35th day after infu-
sion. None of the payment models are without issues, and,
therefore, both payers and providers will have to continue to
be flexible in their utilization of specific models, especially
given the evolving nature of cellular therapies [14].

6 Conclusion

In the short time since CAR-T therapies have been FDA
approved, we have begun to understand the many barriers
and considerations that come along with the wide-scale
utility of this game-changing therapy; however, the chal-
lenges to using this potentially life-saving therapy are not
insurmountable. Clinicians are becoming better at manag-
ing CAR-T-related toxicities, with newer CAR-T products
appearing to have more favorable safety profiles. Addition-
ally, though CAR-T is expensive, studies show that CAR-T
therapy reduces post-treatment HCU and costs and provides
an improvement in survival and quality of life, in compari-
son to the cost of care. Lastly, as with most cancer treat-
ments, there is a possibility of relapse; however, there is a
growing understanding of how relapse occurs, and which
patients are most susceptible to relapse, which could likely
lead to smarter drug design in the long term. Further, we
may eventually see the greatest benefit from CAR-T by using
it earlier in the course of disease. There is no denying the
real concerns associated with CAR-T therapy, but as demon-
strated here, there are many reasons to feel optimistic about
its future.
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