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Agenda

* Introduction to CAR T cell therapy and its clinical
applications in hematological malignancies

« Addressing key challenges in developing CAR T cell
therapy:

o Lengthy product development timelines

o Complex manufacturing process and potential
solutions
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Principles of CAR T cells

« CART cells: Personalized immunotherapy using patient's own T cells,
genetically engineered to target specific tumor antigens for cancer
treatment.

« Chimeric Antigen Receptor (CAR) Structure:

Binder: Ensures antigen recognition, specificity, and affinity

Hinge region: Provides flexibility and maintains optimal distance to
the target

Transmembrane Region: Contributes to receptor stability and
function

Co-stimulatory Domain: Augments T cell function, metabolism,
and persistence

T cell activation domain: Facilitates downstream T cell activation
and functional responses
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Principles of CAR T cells

o Recognize Tumor-Associated Antigen (TAA)

+ CART Cell Killing Mechanism: Tumour cell \“wl Targetcell |
o Form Immune Synapse with Target Cell \
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» Recently approved CAR T-cells targeting BCMA
for Multiple Myeloma CART cell

Flugel et al. Nat. Rev. Clin. Oncol. 2022
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FDA Approved CAR T cells

Acute lymphoblastic leukemia (ALL) (B-cell precursor)
e 2017 Tisa-cel — Large B-cell lymphoma (LBCL)

Follicular lymphoma (FL)
Micel - LgeBostymrona (20,
$ 2020 Brexu-cel - Xcaur]ctelelfr?lyggggir:?eukemia (ALL) (B-cell precursor)
¢ 2021 Liso-cel —_— Large B-cell lymphoma (LBCL)
Ide-cel —_— Multiple Myeloma (MM)
¢ 2022 Cilta-cel —_— Multiple Myeloma (MM)
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The Value of CAR T Cell Therapy

Primary obstacle for first-line therapy adoption: High cost of CAR T-
cell therapy

Price Range: $373,000 to $475,000 for a single dose

List price does NOT cover hospitalization, pre- and post-treatment, or
side effect management. Overall cost ranges from $500,000 to $1
million.

Medicare reimbursement rate through MS-DRG 018 is insufficient to
cover costs and related services

o In-patient: Covers 65% of product cost
o Out-patient: Covers full cost + 6% reimbursement to provider

o Patient responsible for 20% cost-sharing
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Tisa-cel:
$475,000

Brexu-cel:

$373,000

Ide-cel:

$419,500

Axi-cel:
$373,000

Liso-cel:
$410,300

Calti-cel:
$465,000

ASCO, CAR T Policy Brief (2019)



Roadblocks to CAR T cell Therapy Adoption

1.
Lengthy
product

2.
Complex
manufacturing

of individualized
therapy

development
timelines

Elevated Costs
&
Limited Access
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Roadblocks to CAR T cell Therapy Adoption
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Translating Cell Therapy Research

-Resource allocation
-Business models
-Market valuations

-IP protection
-Partnerships

In vitro model Preclinical in
systems vivo testing

N

-Adequate regulatory

lan
-Regulatory P
expertise -Fast track regulatory
pathways
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-Public outreach
-Health technology
assessments (HTA)
-Pricing strategies

-Cost of Goods (COGs)
-Manufacturing
optimization

-Specialized centers
-Train providers
-Reimbursement

Market adoption strategies

Clinical testing with
meaningful outcomes

Regulatory success strategies

GMP-grade

manufacturing
protocols

N

-Post-marketing
clinical research
activities

-GMP manufacturing
-Pre-IND discussion

- Investigational New Drug
(IND) Application

-Marketing
authorization



Translating Cell Therapy Research
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Roadblocks to CAR T cell Therapy Adoption

2.
Complex
manufacturing

of individualized
therapy

Elevated Costs
&
Limited Access
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CAR T Cell Manufacturing
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CAR T Cell Manufacturing

CAR T manufacturing process

« Lengthy = 22 days for the entire process

« Largely manual and open processes

o High variabilities among CAR T cell products
o High risk of contamination
o Relies on significant technical expertise

o Difficult to scale

« Space and equipment are occupied during the production

« Currently, the cost remains prohibitive
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Cell Therapy Manufacturing: Overcoming Challenges

i

USC University of

Southern California

CHALLENGE

Expensive cGMP Facilities add to the

RESPONSE

Shorten manufacturing times and

overall cost of therapy

Open processes increase
contamination risks and may result in

personnel involvement

Implement automated/closed

operator errors, leading to significant
manufacturing delays

Autologous cells of poor quality may

systems to enhance workflow efficiency
and shorten manufacturing time

Develop allogeneic cell therapies to

add complexity and variability to the
process, leading to production failures

Viral vectors for genetic delivery

enable large-scale production, catering
to a broader range of patients

Develop & optimize non-viral delivery

pose safety concerns and high costs

Children’s
Hospltal
LOS "ANGELES:

for improved safety & efficiency



1-Cell Therapy Manufacturing: What is

® A #®

Highly Periodic Specialized Quality
controlled and  maintenance of Personnel Management
clean premises & System
environment equipment
=7 I’.
X B
l
|dentifying Operationally Rigorous Traceability of
deviations, independent product testing starting
investigating quality control under set materials, raw
causes, & (QC) system acceptance materials and
taking actions criteria final products
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cGMP costs

Berlin Facility

1-Cell Therapy Manufacturing
C
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2-Cell Therapy Manufacturing: Closing the Process

o~

Flasks Cell stacks

o Open systems

o Labor intensive
(manual)

o Stringent cleanroom
requirements

Open/Manual

G-Rex

o Open & semi-closed

o High number of
operator interventions

o Additional instruments
required

(=0 N}
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Bioreactors

Semi-closed

Less operator
interventions

Additional instruments
required
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3-Cell Therapy Manufacturing: Autologous to allogeneic

AUTOLOGOUS CELLS ALLOGENEIC CELLS
Origin - Own Patient - Healthy Donor
Variability - High - Low
Availability - Limited - On demand
Quality of SM - Low - High
Batch Size - Reduced - Large scale
Risks - Malignant cell transduction - Alloreactivity & GvHD
Benefits - Low immunogenicity - Standardization & scaling
22 USCUniversity of Child ren’f»
Y Southern California Hospita

LOS "ANGELES:



3-Cell Therapy Manufacturing: Autologous to allogeneic

(B) Allogeneic CART cells

<l s  Scale U
o ﬁ —p == pq
l /il U’J’JJ Increase volume
[ — of bioreactor
Healthy Stirred tank
donor bioreactor

Abou-el-Enein et. al. Blood Cancer Discov., 01 September 2021
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4-Cell Therapy Manufacturing: Viral to non-viral

VIRAL VECTORS NON-VIRAL VECTORS
Advantages Advantages
- High transduction efficiency o0 - Low immunogenicity
- Specific delivery to target cells - Low cost

- Scalable
- High packaging capacity
- Enable multiplex editing

- Widely used

Disadvantages Disadvantages

- Pre-existing immunity

- High cost and complex production
- Limited scalability

- Low packaging capacity

- Low transfection efficiency
- Low cell viability
- Need for cell sorting post-engineering

- Limited experience

22 USC University of Child ren’s»
Southern Calg:)rnia Hospital S
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Cell Therapy Manufacturing: Is it really the barrier?

Total Number of objections per product
9 9 1111 12 12 13 15 16 16 17 17 17 22 23 27 29

Validation of analytical methods

Manufacturing design & control

Comparability

Manufacturing Characterization & specifications
& Choice of analytical methods
Quality Process validation
Stability testing

Control of materials

GMP compliance

‘3 I ) GCP & protocol compliance
g Expdeé;?;?]ntal Clinical study methodology
2 & Choice of endpoints
2 conduct Animal models & experiments
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oé i Clinical efficacy results
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g Efficacy Long-term clinical efficacy
g & Clinical 1ry Pharmacology
e Mode Non-clinical PD
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v Adverse events
Long-term safety
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& Risk management plans
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Cell Therapy Manufacturing: Is it really the barrier?

Clinical development programs are flawed

« Adherence to the trial protocol

« Compliance to GCP

« Design and methodology of clinical studies

« Product efficacy (addressed by post marketing efficacy studies
to collect more data about product efficacy)

Manufacturing issues comprise most of objections &
concerns

« Controlling and designing the manufacturing process

* Product comparability (investigational vs. final marketed
product)

* Product characterization

« Validation of the used release assays



Summary

 CAR T-cell therapy has shown remarkable success in treating hematological
B-cell malignancies and is moving towards earlier lines of treatment.

« High costs and reimbursement challenges limit the broad adoption of CAR T
cell therapy.

« Addressing challenges such as lengthy product development timelines, and
complex manufacturing can help reduce costs & improve accessibility.

« Automated and closed systems, allogeneic cell therapies, and non-viral gene
delivery methods are being developed to overcome manufacturing challenges.

 Continued research and innovation are essential to optimize CAR T cell
therapy and make it more accessible to a broader range of patients.
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Thank you!

Dr. Mohamed Abou-el-Enein
mabouele@usc.edu

Follow us on LinkedIn & Twitter: USC/CHLA Cell Therapy Program
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