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Unleashing potential: tackling
CAR-T cell production
challenges to support the
treatment of blood cancer

Narjes Armanet and Felix A Montero Julian

CAR-T cell therapy is a ground-breaking and highly effective personalized treatment involv-
ing T cells from a patient’s immune system, which are genetically engineered to target and
destroy cancer cells. CAR-T cell therapy was considered as a last-line treatment option for
patients who meet specific criteria. However, clinical trials demonstrated that these thera-
pies can be used and recommended as a second line treatment for whose cancer has proven
resistant to traditional therapies like chemotherapy or radiation or when a patient’s illness
recurs. As of 2023, CAR-T cell therapy is approved for use in individuals with some types
of non-Hodgkin lymphomas, B-cell acute lymphoblastic leukemia, and multiple myeloma.
While CAR-T cell therapy has shown remarkable clinical success in treating specific blood
cancers, current manufacturing processes have significant room for improvement.
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INTRODUCTION

CAR-T cell therapy is a ground-breaking
and highly effective personalized treatment
involving T cells from a patient’s immune
system, which are genetically engineered to
target and destroy cancer cells [1].

CAR-T cell therapy was considered as a
last-line treatment option for patients who
meet specific criteria. However, clinical trials
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demonstrated that these therapies can be used
and recommended as a second line treatment
for whose cancer has proven resistant to tra-
ditional therapies like chemotherapy or radi-
ation or when a patient’s illness recurs [2-4].
As of 2023, CAR-T cell therapy is
approved for use in individuals with some
types of non-Hodgkin lymphomas, B-cell
acute lymphoblastic leukemia and multiple
myeloma. Eligibility for CAR-T cell therapy
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is determined based on the nature of the dis-
ease and the patient’s health status.

A CHALLENGING AND UNIQUE
PRODUCTION PROCESS

While CAR-T cell therapy has shown remark-
able clinical success in treating specific blood
cancers, current manufacturing —processes
have significant room for improvement. The
CAR-T cell therapy process follows a multi-
stage system that typically spans several weeks.
The individual stages of production for these
therapies, that are all products in the market
autologous therapies, can also be challenging
and complex, requiring strict quality checks and

short timelines [2,5-7]. The main steps involve:
Leukapheresis

After drawing blood from the patient, white
blood cells are separated from the red blood
cells and other components. The white blood
cells contain the T cells that will be crucial for
later CAR-T cells development. Once white
blood cells are collected, the remaining blood
is reinfused back to the patient.

T cell activation, transduction,
and expansion

From the patient collected white blood cells,
T cells are purified and undergo meticu-
lous genetic modification, which progresses
through activation, transduction, and expan-
sion phases. Viral vectors (lentivirus and/or
retrovirus) are key in introducing the desired
genetic material into T cells, converting them
into potent CAR-T warriors.

Formulation and transport

Activated and expanded CAR-T cells are then
formulated in adapted media for injection,
transforming into a therapeutic elixir poised
to combat blood cancers. The final product
is only released after being checking against
stringent quality control standards.
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Regarding transportation, in the case of
centralized manufacturing, there may be
logistical concerns with cryopreservation or
shipping of the final product. In contrast,
decentralized manufacturing models allow to
minimize the risk of shipping and stability of
the product due to cryopreservation.

CAR-T cells infusion

The enhanced CAR-T cells return to the clin-
ical team and are administered to the patient
via intravenous drip. This transformative
infusion marks the culmination of a complex,
weeks-long process. Now, the therapy is ready
to unleash its potential within the patient’s
body.

One of the most crucial factors affecting
patient outcomes in CAR-T cell therapy is
the ‘vein-to-vein’ time, which refers to the
duration between the collection of T cells
(leukapheresis) and the infusion of the
CAR-T product.

For all US FDA-approved products,
it takes three to five weeks for manufac-
turing and quality assessment to be con-
ducted before the product is ready for use.
CAR-T cell products available in the market
are manufactured in a specific centralized
manufacturing facility, aiming for a turn-
around time of 16-33 days. However, this
timeframe is susceptible to delays, and failure
rates range from 1 to 18% [8].

Prolonged manufacturing times have
been correlated with a potential decline
in CAR-T cell potency, as indicated in
studies such as the one conducted by
Saba Ghassemi et 2/. in 2018 [9]. This decline
in potency raises concerns about compromis-
ing the therapeutic impact of the adminis-
tered CAR-T cells.

Alternatively, the ‘vein-to-vein’ time is
also influenced by other steps such as ship-
ping to the site of patients, regulatory testing,
insurance processes, and broader operational
facets, of all whom collectively hold substan-
tial implications for patients with progressive
diseases.




The waiting period often imposes patients
to undergo additional bridging therapies,
which can increase the risk of side effects and
complications. Delivering the treatment to
the patient as quickly as possible is, therefore,
critical because the patients clinical status
could deteriorate very rapidly, and any delay
could harm the patient’s chances of survival.
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The current duration for ‘vein to vein’ time
is problematic, particularly for patients in
the advanced stages of the disease, as it can
impact their eligibility for CAR-T therapy
(Figure 1) [10,11].

Because of all the CAR-T products are
autologous, another critical parameter is the
chain of identity. To maintain the chain of

—» FIGURE 1

CAR-T cell therapy cycle and associated challenges.
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identity, labelling and tracking of material,
from leukapheresis collection all the way
through CAR-T cells administration, must
be extremely well documented to avoid the
administration to patient of a wrong batch of

CAR-T product.

THE IMPORTANCE OF SAFETY
TESTING IN CAR-T

In the production of CAR-T cell therapies,
multiple tests are conducted throughout the
process, from the early stages to the final
release of the treatment. It is crucial to pri-
oritize safety to minimize the risks associated
with these therapies, particularly contamina-
tion. These essential tests include mycoplasma
testing, sterility testing, and bioburden test-
ing, environmental monitoring, and endo-
toxin detection [12-15].

Mycoplasma testing [12]

»  Mycoplasma testing is a critical evaluation
to detect the presence of mycoplasma, a
type of bacteria that can contaminate cell
cultures and potentially affect the quality
and safety of therapeutic products. Ensur-
ing the absence of mycoplasma is essential
to maintain product integrity and patient
safety;

»  Mycoplasma contamination poses a signifi-
cant challenge in biologics development and
production, potentially compromising cellular
products and the safety of biopharmaceuti-
cals. Regulatory agencies worldwide mandate
mycoplasma testing during development and
manufacturing. Biopharmaceutical compa-
nies conducting mycoplasma testing must
adhere to Chapter USP <63> Mycoplasma
Tests by the United States Pharmacopeia
(USP), and European Pharmacopoeia (EP)
Chapter 2.6.7 [16,17];

» The traditional method has a turnaround
time of 28 days (Figure 2). Making this test
critical. A nucleic-acid test-based methods
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are allowed and give results in one hour to
few hours.

Sterility testing [11]:

»  Sterility testing involves assessing the
absence of viable microorganisms in the
product and verifying that it is free from
any potentially harmful bacteria, yeasts, or
molds;

»  Sterility is paramount in the manufactur-
ing of CAR-T cell therapies. Any microbial
contamination can lead to severe adverse
patient reactions, making sterility testing
critical for product safety;

»  Biopharmaceutical companies conducting
sterility testing must adhere to Chapter USP
<71> Sterility Tests by the United States
Pharmacopeia (USP), and European Phar-
macopoeia (EP) Chapter 2.6.1, which specify
a turnaround time of no less than 14 days
[18,19].However, alternative rapid microbi-
ological methods are allowed to be used to
reduce the sterility testing time.

These tests play a vital role in the quality
control of CAR-T cell therapy manufactur-
ing, ensuring that the final product is free
from harmful contaminants, thereby main-
taining the safety and effectiveness of the
treatment.

A DYNAMIC EVOLUTION IN
INDUSTRIAL PROCESSES

CAR-T cell therapies are fresh infusion
products with a limited shelf life, present-
ing unique challenges for traditional micro-
biological testing methods (14-day sterility
testing, 28-day mycoplasma testing), which
were initially designed for less time-sensitive
applications. To meet the urgent demand
for expedited therapy delivery to patients,
CAR-T cell therapy manufacturers have
implemented an evolving industrial process
that involves [20]:
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—» FIGURE 2

Traditional methods with turnaround time of 28 days.
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» Increasing digitalization and automation:
this shift toward greater digitalization and
automation is crucial to optimize produc-
tion capacity, reduce costs, and generate
valuable data;

»  Reducing turnaround time: manufacturers
are looking to employ rapid methods and
modularity to speed up the production pro-
cess and time for release testing, ensuring
that patients receive therapies more quickly;

»  Enhancing instrumentation: the simplifica-
tion and improvement of instrumentation
aims to reduce complexity in producing
CAR-T cell therapies.

Taking a closer look at where CAR-T man-
ufacturing processes could be further adapted,
industry pioneers as Kite Pharma recently
acknowledged the necessity for rapid quality
control methods and emphasized the impor-
tance of early QC involvement in the design
and development phase. Experts at the com-
pany have proposed early monitoring and
development of methods with low invalid rates,
alongside early investments in rapid methods
and innovative lab-in-a-pouch technologies,
for use in processes such as mycoplasma testing.

Experts from the Dana-Farber Cancer
Institute also highlighted the necessity of
mycoplasma testing in product release and the
need to address current challenges encoun-
tered in ensuring product safety. In response,
the institute is exploring testing methods that
can be completed in less than 5 min, without
advanced laboratory training, where results
are available in under one hour and with a
reduced risk of contamination.

The changing landscape of CAR-T cell
therapy production comes in response to
the increasing demand for swift and effective
patient care. Driven by the urgency to provide
timely access to these transformative treatments,
researchers and industry leaders are refining
manufacturing processes (e.g., ‘Cell Shuttle’ of
Cellares, platform of OriBiotech) to optimize
efficiency and ensure more patients can benefit
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from CAR-T cell Therapies promptly. With
this commitment manufacturers are secking to
transform healthcare delivery, emphasizing sci-
entific rigor and accessibility.

ADDRESSING THE SKILL GAP IN
CELLAND GENE THERAPY

A further challenge faced by manufacturers
of these complex therapeutics is the current
shortage of skilled workers in key areas that
are critical to producing, testing, and deliver-
ing these innovative treatments. The shortage
extends to manufacturing, analytical develop-
ment, testing, and quality control roles [21].

One of the most significant barriers to
addressing this workforce shortage is the
cost of training. While hands-on laboratory
training is essential for success in the field,
it can also be prohibitively expensive. Both
candidates aspiring to enter the industry and
educators seeking to provide relevant train-
ing face challenges associated with the costs
involved. Implementing automated equip-
ment and instruments is one potential solu-
tion to bridge this workforce gap. The wider
usage of these types of technological advance-
ments could significantly aid the industry in
addressing the shortage of skilled personnel
and the associated training costs [20].

WHAT DOES THE FUTURE
POTENTIALLY HOLD FOR
CAR-T CELL THERAPY?

The future of CAR-T cell therapy is marked
by ongoing efforts to streamline and expe-
dite safe, effective, quality treatment delivery
to patients (Figure 3). Examples of successful
implementations of shorter timelines could
be given by University of Pennsylvania’s 3-day
manufacturing process, Novartiss T-charge,
and next-day manufacturing platforms of
Gracell Biotechnologies [22].

Manufacturers are actively exploring strat-
egies to minimize the ‘vein-to-vein time’, but
maintaining the efficacy of these product,
and employ new solutions to combat other
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—» FIGURE 3

Trends: moving to next gen manufacturing.
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challenges, such as low production volume,
short product shelf life, handling of complex
raw materials, tracking and data integrity,
scalability and patient demands [14].
Additionally, the expedited nature of shorter
manufacturing requires heightened vigilance for:

» Rapid sterility testing. Pharmacopeia are
developing new chapters (USP <1071>
[Rapid Microbial Tests for Release of Ster-
ile Short-Life Products: A Risk-Based
Approach], USP <72> [Respiration-Based
Microbiological Methods for the Detection
of Contamination in Short-Life Products],
and EP 2.6.27 [Microbiological examination
of cell-based preparations]) to help release
short-shelf life products such as CAR-T cell
therapies using modern rapid microbiolog-
ical methods;

»  Potential lentiviral vector persistence, such
as replication competent lentivirus testing;

»  And finally, control of vector copy number

that can potentially alter expression of cellu-
lar genes and contribute to tumorigenicity.
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