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Abstract
Purpose of Review The chimeric antigen receptor (CAR) T-cell therapy is currently changing the landscape of hematologic
malignancies with multiple FDA-approved cell therapy products in the USA. The current administration process of the CAR T-
cell therapy is complicated, labor-intensive, and expensive.
Recent Findings The chimeric antigen receptor (CAR) T-cell therapy is currently changing the landscape of hematologic
malignancies with multiple FDA-approved cell therapy products in the USA. The current administration process of the CAR
T-cell therapy is complicated, labor-intensive, and expensive.
Summary This review article addresses the present-day challenges and discusses opportunities to optimize the access and
affordability of the CAR T-cell therapy. The field of cellular immunotherapy is going to change the future of solid tumors and
non-oncological diseases. However, this promising therapy poses challenges in the administration and management of quality in
the current field of healthcare. We describe various novel approaches to manage challenges in improving access and improving
widescale implementation of cellular therapies.
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Introduction

The Current Landscape of Cellular and
Immunotherapy

Advances in immunotherapy have transformed the landscape
and cemented its role as the fourth pillar in oncologic therapeu-
tics besides surgery, cytotoxic chemo-, and radiation therapy

[1]. Engineered cellular therapies, including chimeric antigen
receptor T cell (CAR T cell) therapy, have been a game-
changer in hematologic malignancies [2]. There are currently
four CD19-directed autologous second-generation CAR T cell
products approved by the US Food and Drug Administration
(FDA) for the treatment of relapsed or refractory (R/R) lym-
phoid malignancies. Tisagenlecleucel (Tisa-cel, KYMRIAH®,
Novartis Pharmaceuticals Corp.) was first approved in 2017 for
treating R/R acute lymphoblastic leukemia (ALL) [3••]. This
was followed by axicabtagene ciloleucel (Axi-cel,
YESCARTA®, Kite Pharma, a Gilead Company) (2017) [4•],
tisa-cel (2018) [5], and liso-cel (Liso-cel, BREYANZI®,
Bristol Myers Squibb Corp.) (2021) [6] being approved for
treating R/R aggressive large B cell lymphomas. Brexu-cel
(Brexu-cel, TECARTUS®, Kite Pharma, a Gilead Company)
was approved (2020) for the treatment of R/R mantle cell lym-
phoma [7]. Table 1 describes all the FDA-approved CART cell
therapies, their indications and wholesale acquisition cost.

CAR T cell therapies targeting CD19 have demonstrated
efficacy across the spectrum of indolent B cell lymphomas,
including chronic lymphocytic leukemia (CLL) [8], follicular,
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and marginal zone lymphomas [9]. Cellular therapies
targeting B cell maturation antigen (BCMA) have shown im-
pressive and durable responses in treating R/R multiple mye-
loma with the most recent FDA approval of ide-cel (Ide-cel,
ABECMA®, Bristol Myers Squibb Corp) [10, 11]. The field
of cellular therapy is witnessing an explosion of novel and
promising therapies, to the extent that the FDA predicts the
development of > 200 investigational new drugs per year and
expects approval for 10–20 cellular and gene therapy products
by 2025 [12].

Emerging long-term follow-up data shows the trans-
formative potential of cellular therapies’ as a curative
option for patients with R/R B cell malignancies
[13–17]. Despite this data, only a small proportion of
eligible patients are currently able to successfully re-
ceive CAR T cell therapy. Thus, the field poses several
challenges: balancing quality and efficiency, cost, ac-
cess, and expertise needed to manage unique immune
effector cell-related toxicities. Currently, cellular thera-
pies are being delivered to patients mostly by experi-
enced teams at designated centers of excellence (COE)
who routinely perform stem cell transplantation. CAR T
cell therapies have a high price tag at $373,000 to
$475,000/dose, leading to restrictions in insurance cov-
erage and reimbursement. This poses challenges in

improving affordability and access to these cellular ther-
apies for all eligible patients. Analyzing these chal-
lenges and developing practical solutions is imperative
as the field continues to grow with safer and more ef-
fective treatment options that ultimately could be deliv-
ered across a broader spectrum of practice locations
[18–20, 21••, 22, 23]. This review describes the current-
ly approved CAR T cell therapies for hematologic ma-
lignancies and the challenges and opportunities in
balancing quality, cost, and access in the effective de-
livery of current and future cellular therapies.

Practical Aspects in Clinical Administration and
Challenges of Current Autologous CAR T Cell Products

The current manufacturing and delivery of commercial autol-
ogous CAR T cell products are resource, and labor-intensive.
The process and quality measures were initially designed
based on algorithms of stem cell transplant programs [24••].
Engineered cellular therapies are associated with unique acute
(30 days) and late phase (beyond 30 days) toxicities.
Toxicities in the acute phase include cytokine release syn-
drome (CRS), immune effector cell-associated neurotoxicity
syndrome (ICANS), infections, and cytopenias. These are po-
tentially life-threatening and require close monitoring and

Table 1 FDA-approved CAR T cell therapies

Name Indication Administration and dosing Cost (US dollar)

Kymriah (Tisagenlecleucel) • Patients up to 25 years of age with
B cell precursor ALL that is
refractory or in 2nd or later relapse

•Adults with relapsed/refractory large
B cell lymphoma (including DLBCL,
high grade B cell lymphoma, and
DLBCL arising from follicular
lymphoma) after two or more lines
of prior therapy

• Single dose of 0.2–5.0×106

CAR T cells /kg (≤ 50 kg)
• Single dose of 0.1–2.5×106

CAR T cells/kg (> 50 kg)

$475,000 (pediatric and
young adult ALL)

$373,000 (large cell
lymphoma)

Yescarta (Axicabtageneciloleucel) • Adult patients with relapsed/refractory
large B cell lymphoma after two
or more lines of prior therapy

• Single dose of 2×106 CAR T
cells/Kg (maximum of 2×108

CAR T cells)

$373,000

Breyanzi (Lisocabtagenemaraleucel) • Adult patients with relapsed/refractory
large B cell lymphoma (including
DLBCL, high grade B cell lymphoma,
primary mediastinal large B cell
lymphoma, and follicular lymphoma
grade 3B) after 2 or more lines of
prior therapy

• Single dose of 50–110×106

CAR T cells (consisting of CD8

and CD4 component)

$410,300

Tescartus (Brexucabtageneautoleucel) • Adult patients with relapsed/refractory
mantle cell lymphoma

• Single dose of 2×106 CAR
T cells/kg (maximum of
2×108 CAR T cells)

$373,000

ABECMA (Idecabtagenevicleucel) • Adult patients with relapsed/refractory
multiple myeloma after four or more
lines of therapy (including an
immunomodulatory agent, a proteasome
inhibitor, and an antiCD38
monoclonal antibody)

• Single dose of 300–460×
106 CAR T cells

$419,500
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multidisciplinary management. Most acute phase manage-
ment is currently done as an inpatient but with safer products,
more outpatient management is likely in the future. Late phase
toxicities include persistent or recurrent cytopenias which ne-
cessitates growth factor and/or transfusion support, and
prolonged immune suppression leading to recurrent infec-
tions. Thus, infection prophylaxis, immunoglobulin replace-
ment, and revaccination are the issues in this phase [25]. Due
to the logistical differences compared to the standard autolo-
gous stem cell transplantation process, the processes needed

modification, and therefore many centers created immune ef-
fector cell (IEC) paradigms.

Steps Involved in the Design of an IEC Program

A patient’s journey through an IEC program and CAR T cell
therapy can be summarized in eight steps as described in
Fig. 1 (adapted from Berdeja et al. [26]): Fig. 1 describes the
patients CAR T cell therapy journey and associated barriers.

From patient
identification to
referral to CAR T

Center

CAR T Theray eligibility
evaluation

Clinical & radiographic
evaluation

Insurance approval

Leukapheresis

Bridging therapy-
Treatment to control
disease

CAR T manufacturing at
GMP facility

Transportation of cells
to GMP facility

Manufacturing of CAR T-
cells

Quality evaluation
before release

Conditioning therapy

CAR T-Cell therapy
infusion

Short term monitoring

Hospitalization

Close monitoring of
CRS & ICANS

Long term monitoring -
Collaboration community
oncologist

Patient’s CAR T-

Cell Therapy

Journey

Fig. 1 Patients CAR T cell therapy journey and associated barriers

347Curr Hematol Malig Rep (2021) 16:345–356



1. Intake and triage. The process is initiated by either the
patient or a referring provider. Ideally, this should involve
a dedicated triage navigator or nurse, CAR T coordinator,
and financial coordinator to assess insurance coverage.

2. Consultation with an IEC provider. This is to assess eli-
gibility for a CAR T cell product. If found eligible, the
CAR T coordinator sets in quick motion all necessary
workup and communication with other parties, including
apheresis staff (to determine the type of apheresis access
needed and timing), social work evaluation for compli-
ance, caregiver support, financial resource, and local
housing requirements if required.

3. CAR T cell manufacture. This step involves the leukocyte
apheresis, processing, shipping, and manufacturing of
cells. The “vein-to-vein” time varies but, on average,
takes from 3 to 6 weeks. Once the CAR T product is
manufactured, it is shipped and received by the cell pro-
cessing laboratory in preparation for infusion.

4. Bridging therapy. While awaiting the manufacture of
CAR T cells, many patients with aggressive malig-
nancies will need bridging therapy to control the
disease. This can be delivered by the IEC provider
or referring oncologist.

5. Re-evaluation before lymphodepletion and CAR T cell
therapy. Once the product is ready for infusion, the patient
is re-evaluated to ensure eligibility and no issues have
arisen in the interim, including deterioration in perfor-
mance status, organ function, or infections. If eligible,
the IEC team proceeds with lymphodepleting chemother-
apy, usually delivered over 3 days and done on an outpa-
tient basis. The patient then undergoes infusion of the
CAR T cel l product , usual ly 2–7 days af ter
lymphodepletion.

6. Early monitoring phase after CAR T cells (first 30 days).
The patient is at the highest risk for developing
CRS, ICANS, and pancytopenia during the first 2
to 3 weeks after CAR T cell infusion with currently
available CAR products. Multidisciplinary coordina-
tion is organized the IEC physician, with the inten-
sive care team, neurology, emergency physicians,
and other consultants as needed. An experienced
nursing and pharmacy team is paramount through
this process. For CRS management, emergency
availability of anti-cytokine agents, like tocilizumab
and anakinra, should be ensured. Generally during
this phase, the patient and caregiver stay within a
short driving distance from the IEC center.

7. Long-term surveillance. At day + 30, after initial imaging
and disease response assessment, the patient could be
transitioned back to the referring oncologist for ongoing
follow-up. The patients in the late phase may need ongo-
ing monitoring for disease relapse, infection prophylaxis,
transfusion and/or growth factor support, immunizations,

and intravenous immunoglobulin infusions. Continued
communication between the primary oncologist and IEC
provider is important.

8. Data management, regulatory issues, and outcome
reporting. Continuous outcome reporting is mandated
by the Centers for Medicare and Medicaid (CMS). Most
centers in the USA are now reporting IEC data to the
Center for International Blood and Marrow Transplant
Research (CIBMTR).

Quality and Efficiency of IEC Therapies: Stakeholders
and Outcomes

Several stakeholders are at play in ensuring patients get the
highest quality care with the best outcomes from engineered
cellular therapies [27].

1. Patients. They are the prime focus for all quality and efficien-
cy measures during the cellular therapy process. The best pos-
sible outcomes expected by undergoing this process include
survival, disease control, low rate of complications, improved
quality of life, and a high degree of satisfaction with the care
received. They also aim for affordable care without undue
financial toxicity. Socio-demographic and disease-related fac-
tors can also impact the quality and efficiency of care.

2. Referring physicians. The hematologist-oncologists who
refer their patients to an IEC center desire for the de-
scribed positive outcomes for their patients. They also
value effective communication, ease of access to the
IEC center, and center reputation.

3. IEC center/physician. The treating IEC center and physi-
cian desire to improve their outcomes, foster quality re-
search and be financially viable.

4. Payers. Private and government payers have similar inter-
ests, and they are interested in high-value affordable care.
They look for objective metrics of quality and efficiency
of care delivery, such as accreditation by FACT
(Foundation for Accreditation for Cellular Therapy), cen-
ter volume, survival rates, resources available to the cen-
ter, and ability to deliver care for complex patients.

5. Professional and patient organizations. Professional so-
cieties like the American Society for Transplantation
and Cellular Therapy (ASTCT) can be considered a
stakeholder in ensuring high-value patient care through
their initiatives focusing on improving quality and
evidence-based guidelines providers for optimal care
of patients receiving IEC therapy. Patient advocacy or-
ganizations can also be included as they are involved in
providing resources, support, and education to the
patients.
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Existing Mechanisms for Optimizing the Quality of
Patient Care During IEC Therapy: Lessons from Stem
Cell Transplantation

The following are the specific established quality standards
and measures that can be adapted from hematopoietic stem
cell transplantation (HSCT) [26–28]:

1. Structural indicators. Centers providing cellular therapy
need a robust clinical infrastructure to handle the complex
scheduling logistics, maintain the “chain-of-custody” and
“chain-of-identity” of the cellular product, and facilitate
communication to manage potentially severe toxicities.
Cellular therapies are also different from other oncology
drugs, as they are “living drugs” and must be temperature
controlled at all times and can be manipulated only under
aseptic conditions. Structural indicators also focus on per-
sonnel and the need to have experienced clinical and non-
clinical staff at the center. CMS has established a risk
evaluation and mitigation strategy (REMS) program to
define a center’s criteria to qualify as an FDA-approved
IEC center. Each center must establish standard-operating
procedures that meet all REMS requirements, and all staff
members involved in patient care during IEC therapy
need to be trained and certified on a regular basis.

2. Process indicators. Measures in these categories capture
variables related to the actual delivery of cellular therapy.

3. Outcome indicators. The most accepted metric is overall
survival. Other measures include disease control, compli-
cation rates, and quality of life.

Emphasis on quality measures has been shown to improve
allogenic HSCT outcomes. A 3-tiered hierarchical model pro-
posed by Porter et al. can focus on outcomes based on quality
metrics, with the top tier focusing on overall survival, the
second tier on the process and time to recovery, and the third
tier on the sustainability and long-term consequences of ther-
apy [29]. FACT standards for HSCT cover three areas: (1)
clinical programs, (2) collection of cellular products, and (3)
cellular processing. HSCT standards are updated and jointly
published with the Joint Accreditation Committee ISCT-
Europe and EBMT (JACIE). Achieving FACT accreditation
requires a comprehensive inspection and maintenance every 3
years, which demonstrates that a program is committed to
maintaining quality measures in cell therapy practices and
high-value patient care.

In 2017, FACT formulated the Standards and
Accreditation Program for IEC therapy with a task force
representing FACT, ISCT, American Society of Gene and
Cellular Therapy (ASGCT), Society for Immunotherapy of
Cancer (SITC), and cellular therapists from 10 academic cen-
ters. IEC was defined as “cells used to modulate, elicit, or
mitigate an immune response for therapeutic intent,”

including the dendritic, natural killer, T, or B cells. The pub-
lished FACT IEC standards guide in 4 areas in addition to
standard transplant guidelines [28]:

(a) Location of cell manufacturing. The IEC program under
FACT is only responsible for the steps that they are di-
rectly involved in. Manufacturing of the product may
happen at a third-party site and agreement on chain-of-
custody throughmultiple handoffs until infusion needs to
be reached.

(b) Identification and management of CRS. This pertains to
REMS training of all providers involved in care of pa-
tients receiving IEC therapy. The training involves de-
tection of complications and demonstrating competency
in management. Pharmacy formularies need to be
adapted for using required supportive medications for
CRS management.

(c) Coordination and education. The institution should
demonstrate appropriate communication pathways be-
tween the many providers involved and rapid escalation
of care when needed.

(d) Data management and oversight. Designated staff
should collect data on product safety, efficacy, and out-
comes and be reviewed by the IEC program director
yearly. The CIBMTR cellular therapy forms allow the
collection of data for the whole field.

As many clinical site’s teams overseeing IECs versus
HSCT may be different. Hence, FACT accreditation for
IECs is separate from that of HSCT, although there is signif-
icant overlap in standards for guidance and infrastructure.
Outside the USA, additional regulatory oversight is required
where these products fall into the ATMP (Advanced Therapy
Medicinal Product) and must be handled according to the
European Medicines Agency (EMA).

Centers of Excellence (COE) and Their Role in Program
Regulation and Quality Improvement [30]

Payer-Based COE Networks

Many large payers have developed a panel of COE from
HSCT data based on center volume as a mark of clinical
experience, a requirement for society accreditation, and qual-
ity standards like risk-adjusted survival rates. Additional
criteria include geographic location to increase patient access
and limit travel. There is also a bonus for contracted care that
promotes value-based care.

Manufacturer Based “COE-Like” Cellular Therapy Networks

The registrational trials of CAR T products were performed in
less than 30 clinical centers, selected based on clinical
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research expertise for ALL and non-Hodgkin lymphoma
(NHL), and most were from traditional allogeneic HSCT
COE networks. With FDA approval of multiple products,
manufacturers would want to increase the number of available
sites while ensuring complication rates are low as outcomes
data are being compared across sites and products.

Quality and Efficiency in IEC Therapies: Challenges
and Opportunities

Despite existing mechanisms to ensure high-value and timely
patient care, several challenges exist hindering the true poten-
tial and expansion of IEC therapies. From the knowledge
gained from clinical HSCT practice [27, 30], there are poten-
tial opportunities as outlined in the following to address these
challenges to optimize quality and efficiency as discussed as
follows:

1. Timely referral to IEC center and education to mitigate
knowledge gaps. There is significant under-referral of
eligible patients from practicing oncologists to IEC
centers (discussed in next section), primarily due to
lack of knowledge of this relatively new therapy, its
potential, and eligibility, especially in older or frail
patients. In the transplant realm, < 30% of eligible
myeloma patients are referred for autologous HSCT,
and < 20% of acute myeloid leukemia patients are
referred for allogeneic HSCT. Thus, professional so-
cieties and academic centers need to be actively in-
volved in educational activities to dispel gaps in
knowledge. Early referrals in relapsing disease states
for IEC therapy evaluation will expand the eligible
patient pool and outcomes.

2. Health disparities. Disparities in access and outcomes af-
ter IEC therapies are becoming apparent as more patients
are being assessed and treated. Centers need to be
equipped to engage internal and external resources in
tackling issues like expanding insurance coverage, trans-
portation, lodging, and ensuring culturally appropriate
care [31].

3. Variation in resources and personnel. Currently, centers
vary in infrastructure, capacity, and personnel for
performing IEC therapies. Centers will have to continual-
ly innovate as the field evolves and adopt best practices
from their peers.

4. Care coordination and transitions of care. Effective com-
munication with referring providers throughout IEC ther-
apy is essential for ensuring high-quality care.
Technological advances, including improved electronic
health records, should help smooth care transitions after
the acute treatment phase is over.

5. Measurement of quality and efficiency. Novel data collec-
tion methods should focus not only on overall survival

disease-free survival, IEC-related toxicities, but also on
metrics like patient-reported outcomes [32] and quality
of life. Long-term outcomes and delayed side effects post
cellular therapy are being discerned and are areas of active
research [33, 34].

6. Harmonization of quality measurement and reporting.
Standardizing and simplifying reporting across IEC cen-
ters could avoid duplication and redundancy across mul-
tiple platforms.

Optimizing Access and Affordability of CAR T Cell
Therapy

Despite very robust data in clinical trials, challenges affect
commercial CAR T cell therapy’s widespread implementation
[35]. Cellular Immunotherapy Data Resource (CIDR), a na-
tional initiative from CIBMTR, collects data about cellular
therapies’ long-term safety and efficacy. Using SEER-
Medicare Database, it is anticipated that ~ 3000 patients/year
with diffuse large cell lymphoma are potentially eligible for
CAR T cell therapy (with currently approved indication).
CIDR reported only 2581 patients who received CAR T Cell
therapy for diffuse large b cell lymphoma (DLBCL) between
2016 and 2020 as reported by 148 centers in north America.
This represents a considerable disparity in access to CAR T
cell therapy. In general, the issues can be divided into two
major categories — patient-related factors or product-related
factors. Figure 2 describes approaches to overcome hurdles in
improving access to CAR T cell therapy.

Product-Related Factors

Reducing “Brain to Vein” Time

Two significant hurdles exist in getting the patients to receive
CAR T cell therapy. First is insurance hurdles to get CAR T
cell therapy approved, and second is manufacturing it quickly
to avoid delay in getting CAR T cell therapy to the patient.

Brain to vein is a term mentioned by Elnair and colleagues
describing the time it takes for a physician plans to treat a
patient with CAR T cell therapy to patient receiving CAR T
cell infusion. Long brain to vein time is an extremely critical
issue as CAR T centers have to go through a tedious insurance
approval before initiation of apheresis leading to significant
delays. Elnair et al., in a small retrospective institutional study,
demonstrated that public insurance groups had a significantly
shorter time of approval than private insurance (17 vs. 30 days)
[33]. Reducing the time it takes for insurance approval is an
easy, modifiable factor with interventions like standardization
of approval process to impact patient outcomes. Similarly in-
stitutions have an approval process where all pre-CAR T
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workup is performed and presented to an internal committee
that can delay patients receiving CAR T cell therapy.

As described in Fig. 1, the most critical step in patient
outcomes is “vein-to-vein” time which is defined as the time
between apheresis, i.e., collecting T cells to infusion
engineered product back to the patient. All FDA-approved
products require 3–5 weeks of manufacturing and quality as-
sessment before the product is available for the patient. This
long wait time commonly requires patients to have bridging
therapy, which can lead to increased toxicity, and even post
CAR T cell therapy complications [36]. Manufacturing com-
panies are already exploring opportunities to overcome this
challenge by optimizing their quality control process or devel-
oping novel T cell engineering methodologies [37].

Decentralization of CAR T Cell Production

Decentralizing CAR T cell production can provide a signifi-
cant breakthrough in access to cellular therapies.
Decentralizing can reduce CAR T cell production costs, short-
en the vein-to-vein time, and provide resources to scale-up
quickly. There are two potential options to achieving decen-
tralization — i.e., developing a network of manufacturing
plants (e.g., academic hospitals) or CAR T at the bedside by
utilizing the GMP-in-a-box strategy. Decentralization of CAR
T manufacturing is an investment-intensive approach for

hospitals, on top of stringent regulatory requirements. It is
now well established that academic medical centers are
equipped to manufacture CAR T cells using GMP grade fa-
cilities or automated CAR T manufacturing products like the
Miltenyi Prodigy system or Lonza Cocoon incubator.

With a more permissive regulatory landscape, Switzerland
has started decentralized manufacturing and providing CAR T
cell therapies at $150,000 to $200,000, approximately half the
price of FDA-approved CART cell therapies in the USA [38].
According to the Public Health Service Act in the USA, hu-
man cells, tissues, and cellular/tissue-based products like
CAR T cell therapies are regulated under section “351 prod-
uct”. Section 351 subjects institutions to the same regulatory
and pre-market approval as drugs, whereas Section 361 is
applied to all other cellular therapies like autologous and al-
logeneic stem cell transplants, not requiring stringent regula-
tory guidelines [39]. To achieve the commercialization of
CAR T cell therapy utilizing the decentralization process,
we will need significant regulatory changes and active collab-
oration between academia and pharmaceutical companies.

Next Generation of Cell Therapy

While autologous CAR T cell therapy has heralded the way to
a new class of immunotherapies, they have multiple issues,
including cost, variability in the product, long manufacturing

Wide scale applicability 

Improving financial &social

support

Balancing efficacy with

HRQoL

Reducing Brain-to. Vein time

Developing next generation

of cell-therapy product

Centralized to

Decentralized model of

CAR Cell Manufacturing

Identifying Cost –
effectiveness of therapy

Location of therapy

New reimbursement

models

Cost

Hurdles to
improving access

to CAR T-Cell
Therapy

Patient
related
Factor

Product
related
Factors

Fig. 2 Toolkit to overcomes hurdles in improving access to CAR T cell therapy
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times, and complex logistics. As mentioned earlier, decentral-
ization and using “CAR T-cells in a box” is a good strategy;
we need to improve gene-transfer tools to expedite and scale
production. Non-viral approaches like transposon/
transposase-based systems provide the advantage of simplic-
ity and cheaper production along with an even lower risk of
insertional mutagenesis compared to viral vector-based tech-
nology [40].

While autologous CAR T cell therapy is growing globally,
allogeneic CAR therapy is emerging as an intriguing option.
“Off the Shelf” or allogeneic cellular therapies overcomes the
challenges by reducing the time to treatment, ability to have
high-quality starting material, and potential to reduce cost
[41]. There are two main problems with allogeneic CAR ther-
apy, the first being the risk of graft versus host disease.
Investigators have adapted strategies like T cell subset selection
(e.g., γδ T cells) or gene-editing (e.g., use of CRISPR/Cas9 or
zinc finger nucleases to knock down TCRαβ and/or MHC I in
donor cells and produce universal CAR T cells). The second
issue is immunological rejection leading to limited of in vivo
expansion and persistence of allogeneic CAR cells. To over-
come these issues, scientists have tried to incorporate more
intense lymphodepletion chemotherapy or genetic modification
to remove donor major histocompatibility complex [42].

Non-T cell-based cellular therapies like CAR-NK cells pro-
vide an avenue to overcome the challenges by its dual killing-
capacity, i.e., CAR-dependent and -independent mechanisms,
off the shelf approach with fewer side effects and ability to treat
non-hematological malignancies. As the field of cellular thera-
pies expands, the next generation of CAR therapy is continuing
to focus on reducing toxicity, improving efficacy while
expanding to solid cancer and non-oncological indications.

Location of Care

It is well established that outpatient administration of stem cell
transplants can lead to cost-reduction and provide better
HRQoL and PRO [43]. In the TRANSCENDNHL 001 study,
liso-cel demonstrated an improvement in HRQoL post 1 year
of treatment [44]. Outpatient administration of CAR T cell
therapy may further lead to improved reimbursement and less
strain on the inpatient bed utilization, especially during a pan-
demic. Lyman et al. developed a model to study CAR T cell
therapy’s economic evaluation based on site of care, including
inpatient vs. outpatient and academic vs. nonacademic set-
tings in patients with R/R large cell lymphoma [45].
Administration of CAR T cell therapy in nonacademic spe-
cialty oncology networks compared to academic centers was
associated with a $29,834 (55.9%) decrease in hospitalization
along with a $3154 (20.1%) reduction in procedure cost. With
a clear advantage in reducing the cost of care, we face the
challenge of making these effective therapies available to pa-
tients globally.

First and foremost, the toxicity profile has to be conducive
for the outpatient delivery of cellular therapy. Bachier et al.
demonstrated the safety of outpatient administration of liso-
cel data on 44 patients with R/R Large B cell lymphoma
treated in three clinical trials: TRANSCEND NHL 001
(NCT02631044 ) , P ILOT (NCT03483103 ) , and
OUTREACH (NCT03744676). Of these 44 patients, 45% of
patients remained outpatient, and only 5% needed intensive
care unit utilization [46]. Secondly, institutions need to have
proper infrastructure and personnel to help perform outpatient
therapy. Telemedicine has been transformative. Various orga-
nizations have shared their experience of implementing out-
patient CAR T administration [47]. These standardized oper-
ating procedures and education material can provide critical
help to establish outpatient cellular therapy.

Outpatient administration of cellular therapies has a poten-
tial to reduce hospital burden by shifting the inpatient volume
in outpatient setting especially during unprecedented times
like the ongoing pandemic; however, this may put patients
at excess financial strain. It has been demonstrated that
outpatient-based stem cell transplantation may lead to cost-
shifting with more outpatient facility charges and increased
out-of-pocket cost for patients [48]. With an exploding field
of cellular therapies andmore efficacious/safer therapies being
actively developed, we need to focus on therapies that provide
value to our patient by balancing efficacy and cost.

Patient-Related Factors

Wide-Scale Applicability

As previously discussed, a significant number of patients who
are potentially eligible for CAR T cell therapy are not receiv-
ing a lifesaving option. An important modifiable factor in-
cludes the safety and utility of CAR T cell therapy in a broad
age group [49–52]. Given the risk of CRS and ICANS, CAR
T cell therapy has generally been restricted to relatively youn-
ger and fit patients. Real-world outcomes of CAR T cell ther-
apy have been crucial in understanding outcomes in patients >
65 years, showing safety and similar efficacy in patients with
R/R large cell lymphoma. With the anticipated approval of
CAR T cells in multiple myeloma, a disease with an average
age of diagnosis at 70, developing CAR T products that are
safe and effective is essential [53].

Financial and Social Support

Patients and caregivers undergoing CAR T cell therapy have
unique challenges, including logistics of care, transportation
issues, and the social and emotional burden of treatment on
top of the physical effects of the treatment itself. Centers have
implemented a multidisciplinary evaluation from geriatri-
cians, physical and occupational therapy, social workers, and
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dieticians before stem cell transplants to not only select appro-
priate patients but act on modifiable risk factors [54]. Other
centers have implemented remote monitoring, utilizing the
digital platform for patient education to identify barriers to
access and study patient-reported outcomes [55]. For im-
proved access, it is critical for a holistic approach for patients
undergoing CAR T cell therapy.

Patient-Reported Outcomes (PRO)

Balancing disease control with quality of life is a cornerstone
in improving access to CAR T cell therapy [32]. In patients
with relapsed large cell lymphoma, both Axi-cel and Liso-cel
have shown improvement in health-related quality of life
(HRQoL). JULIET study reported a meaningful improvement
in QOL at 12- and 18-months using Functional Assessment of
Cancer Therapy-Lymphoma (FACT-Lym) and Short Form-
36 (SF-36) health survey [56]. Similarly, patients treated with
liso-cel have improved HRQoL at 6 and 12 months using the
European Organization for Research and Treatment of Cancer
quality of life questionnaire C30 questionnaire (EORTC
QLQ-C30) [44]. Recently, HRQoL in patients treated with
idecabtagene vicleucel (ide-cel) was reported at the
American Society of Hematology. From the registration
Karmma trial, EORTC QLQ-C30 and EuroQol 5 dimensions
5 level instruments demonstrated clinically meaningful im-
provement from baseline at months 2 through 15 [57, 58••].
Core domains of PRO like physical functioning, disease-
related symptoms, and adverse events are critical elements to
effective therapy. Future development and regulatory approv-
al of CAR T cell development should focus on treatments that
continue to improve HRQoL on top of clinical outcomes.

Cost-Effectiveness and Affordability of CAR T Cell
Therapy

Cost of care and reimbursement challenges has been a persis-
tent issue since the first FDA approval of CAR T cell products
in 2017. Since then, we have seen a steady improvement in
reimbursement strategies by the CMS. There are two primary
payment components — i.e., Medicare Severity-Diagnosis
Related Group (MS-DRG) and New Technology Add on
Payment (NTAP). The following are the changes since 2018:

1) CAR T cell-specificMS-DRG. Initially, in October 2017, a
non-specific MS-DRG was introduced with payment be-
tween $6000 and $16,000. Between October 1, 2018, and
September 30, 2020, MS-DRG 016 was utilized to pay
$43,094. Most recently, on October 1, 2020, MS-DRG
018 was introduced with an unadjusted base payment rate
of $239,929.

2) NTAP. This option provides an additional payment to
hospitals above the standard MS-DRG. Between

October 1, 2018, and September 30, 2019, NTAP was
approved at a 50% cap of $186,000, which was increased
to $242,500 in 2019–2020. In the most recent updates on
October 1, 2020, CMS has discontinued NTAP status on
all approved CAR T cell products (Kymriah, Yescarta,
Tecartus, and Beryanzi) [59].

As noted by the American Society of Clinical Oncology,
the average cost of a CAR-T cell product at $373,000, with the
estimated cost of CAR-T cell therapy and related services at
$419,238; these new reimbursement programs still fall short
of the total cost of care [60].

With the high cost of therapy and related costs, it is imper-
ative to understand CAR T cell therapy’s cost-effectiveness.
Quality-adjusted life years (QALYs) are commonly utilized to
assess therapy value in the USA. Multiple studies have report-
ed Tisa-cel and Axi-Cel’s cost-effectiveness compared to the
standard of care for these therapies’ FDA-approved indica-
tions [61, 62]. One consistent finding from these reported
studies is that a significant improvement in overall survival
over the standard of care is required for CAR T cell therapies
to demonstrate an acceptable value level. As we study cost of
therapy, it is imperative we study life-time cost of care espe-
cially improving patient outcomes and increasing amount of
novel but expensive therapies being FDA approved.

Medicare reimbursements rates and manufacturer prices
for CAR T cell therapy raise significant concerns on CAR
T-centers’ financial viability. There is an urgent need for man-
ufacturer price reduction and novel reimbursement strategies
to offset losses [63]. Two payment mechanisms are being
evaluated — milestone-based contracts (MBC) and
outcome-based agreements (OBA). After Novartis received
FDA approval for Kymriah for R/R B-ALL, they introduced
an optional OBA program. The provider will not be billed
unless patients achieve full remission 35th day after CAR T
cell infusion. European countries developed individual reim-
bursement schemes for CART cell therapy, e.g., Germany has
outcome-based rebates that are linked to individual patient
outcomes and Italy has outcome-based staged payment, where
payments are giving in three installments linked to individual
patient outcomes. Compared to Germany and Italy, the UK
has coverage of CAR T cell with future price reassessment
based on longer-term follow-up and post-launch data [64].
With a growing market of cellular therapies, both payers and
providers will need to transition from single patient/case
agreements to some form of global episode-based care.

Summary

CAR T cell therapy has been revolutionary for treating can-
cers, with more than 900 cellular therapy trials expected to be
available between 2020 and 2025. However, the current
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landscape of CAR T cell therapies in hematologic malignan-
cies, though promising, lacks the ability to optimize access.
The current CAR T therapies are resource intensive and pro-
hibitively expensive. Balancing improved access while main-
taining high-quality safe and good outcomes will allow this
field to further meet patient demand. In this article, we have
outlined the current challenges and provided solutions to
bridge the gap to gap between today’s landscape and the po-
tential for the future with CAR T cell therapies.
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