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CAR-T cell
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CAR-T cell timeline

2002 2021
Lymphodepletion .
- ; CAR T for autoimmune
1987 prior to adoptive 2006 2012 .
cell transfer disease - SLE
Double-chain First trials of CAR T First pediatric patient
cTCR Incorporation therapy in patients with leukemia --Emily Abecma approved by the
of CD28 (15t gen CAR) Whitehead FDA for multiple myeloma
L o o [ o o o o o
Single-chain Incorporation Leukemia patients achieved = kymriah approved by
scFVR of 4-1BB complete remission after the FDA for leukemia
CAR T therapy
1993 2004 (2" gen CAR) 2017
2011
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CAR-T cell generation

. d .
(A) 1%t Generation CARs (B) 2 Generation CARs [ (€) 3™ Generation CARs
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i . Transmembrane
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Transmembrane Transmembrane
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CD28
CD3¢ CD28 or 4-1BB -
CD37

(D) 4th Generation CARs

(E) 5th Generation CARs
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Transmembrane
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CAR-T cell in action
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CAR-T approved product

Company Date of
name approval
Brand name

Generic

name

Novartis Aug 30, 2017
Kymriah
Tisagenlecleucel

Kite Oct 18, 2017
Yescarta

Axicabtagene

ciloleucel

Kite Jul 24,
Tecartus 2020
Brexucabtagene

autoleucel

Juno Feb 5,
Breyanzi 2021
Lisocabtagene

maraleucel

Bluebird Mar 26, 2021
Abecma

Idecabtagene

vicleucel

J&] and Legend Feb 28, 2022
Carvykti

Ciltacabtagene

autoleucel

rget antigen/
body

CD19
Mouse FMC63

cD19
Mouse FMCé3

cD19
Mouse FMCG3

CD19
Mouse FMC63

BCMA
Mouse BB2121

BCMA
dual camel single-
domain antibodies

Hinge/
transmembrane

CD8w/CD8o

CD8at/CD8x

CD28/CD28

IgG4/CD28

CD8ar/CD8

CD8/CD8e

Costimulatory
domains

4-1BB + CD3

CD28 + CD3{

CD28 + CD3{

4-1BB+ CD3{

4-1BB+ CD3L

4-1BB + CD3{

Vector/
promoter

Lentiviral

EFla

Gammaretroviral

LTR

Gammaretroviral
LTR

Lentiviral
EFla

Lentiviral
MND

Lentiviral
EFla

RIR, relapsed or refractory. CAYA, children and young adults, LBCL, large B-cell lymphoma. MCL, mantle cell lymphoma, MM, multiple myeloma.
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Targeted
cancers

R/R CAYA B-
ALL

R/R LBCL

R/R MCL

R/R LBCL

R/R MM

R/R MM

Pivotal trial

ELIANA
(NCT02228096)

ZUMA-1
(NCT02348216)

ZUMA-2
(NCTO02601313)

Transcend NHL00I
(NCT02631044)

KarMMa
(NCT03361748)

CARTITUDE-1
(NCT03548207)

No. of

Patients

108

68

269

128

Outcomes

81% overall
remission rate

58% complete
response

67% complete
response

53% complete
IEBPR!"&L‘

33% complete
response

82.5% complete
response

References

(58)

(61)

(60)

(63)

(64)



Future of CAR

Selection of a cell population
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Future of CAR

Protected
Tumour tissue
cell o Tumour e O
antigen
Release of MK cell-
mediated killing | Phagocytosis
’ granules and cytakines Socy I-10 —a )
Engineered g CAR ® (perforin, granzyme, @ TGFR —& ir
BXpression \ IFMy and TNF) L ﬂ IL-35
[ =] e
- @ 0 0O i Co-stimulation CTLA
IL-15 h\ [ -
L | '(_,-,
b
XBCL11B . XTCR

S5y

MK cell
CAR-NEK cells

* Promising allogenic product with less GvHD
» Sufficient expansion with
cord blood starting product
= Engineerad ectopic IL-15 expression
increases expansion and efficacy
* Require co-stimulation for significant efficacy

)

Macrophage

CAR-Ms

» CAR-induced phagocytosis
of antigen-positive tumour cell

= CAR signalling results in a
pro-inflammatory M1-like phenotype

= Ahle to cross-present and activate
T cells
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T, cell

CART_ cells
* Protect tissues in an antigen-dependent manner
* Secrete immunosuppressive
cytokines (TGFRE, IL-10, 1L-35)
= Limit local T effector cell activation through
expression of molecules such as CTLA4
to cutcompete for co-stimulation



CAR-T cell therapy process

Autologous CAR T-Cell Therapy Process

CART cell

1 )INTHE CLINIC .
The white blood cells, | Bloodis
including Tcells,are | t2ken
from the
separated out, and sttt d
the rest of the blood | | (
is returned to the ] 4 2.
patient.
| A The receptors The CART cells identify the cancer
4 are attracted to cells with the target antigens and kill
Tcells targets on the them. CART cells may remain in the
are sent surface of the body for some time to help prevent
tothe [ [ ) cancer cells. the cancer cells from returning.
lab. | - ' j

Blood

@ U
- |
2 )IN THE LAB/MANUFACTURING FACILITY
T cells are engineered to find and kill cancer cells.

Virus
% T cell

INTHE CLINIC

CART cells are put back into the patient’s
bloodstream, typically after chemotherapy is
given to make space, and continue to multiply.

&
Aninactive virus is The genes cause the T cells Modified T cells (now called
used to insert genes to make special receptors, CART cells) are multiplied
into the T cells. called CARs, on their until there are millions of

© Fran Milner 2017 surfaces. these attacker cells.
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Typical manufacturing process C&GTP

Plasmid manufacturing
Plasmid recovery Purification Formulation

Viral manufacturing

Packed cell

expansion Transfection Clarification Concentration Purification Sterilization Formulation

Cell processing

Isolate and Enrich Harvest Formulation
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Starting material



Starting material

Cell

Gene editing vector
Cell culture media
* etc.
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Starting material qualification

 Safety testing:
» sterility, mycoplasma, adventitious agents
» other relevant human pathogens not included in donor testing

» Established acceptance criteria
» e.g., minimum cell number, % CD3+, viability;

» Additional characterization studies such as phenotypic analysis
» e.g., % of CD4+ and CD8+ cells, % NK cells, % monocytes, % B cells

Characterization and Qualification of Cell Substrates and Other Biological Materials
Used in the Production of Viral Vaccines for Infectious Disease Indications

=
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Adventitious agents

Adventitious agents are considered to be
* viruses

* bacteria, mycoplasma/spiroplasma, mycobacteria, rickettsia
» fungi

» protozoa

» parasites

» transmissible spongiform encephalopathy (TSE) agents

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells
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Apheresis

Patient

Anticoagulant

Blood
component
substitution

Blood pump

Blood pump

Blood
[ — component
Pressure sensor f' r\ | waste
Blood
component
separator ~
Pressure sensor Blood pump

Adapted from: Asahi Kasei Medical; www.asahi-kasei.co.jp/medical/en/apheresis/product/plasma/about/cure.html
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Blood composition

Platelet
/ +1.040

Lymphocy
- 1.050-1.0
Platelets
sma
% total
ume Monocyte
onocy Lymphocytes

= 1.065-1.0 ymenoey
ked Monocytes
cells
6 total
ime Granulocy Granulocytes

- 1.087-1.0

Red blood cells

Buffy coat
<1% total volume

Specific Gravity

Adapted from “Principles of Blood Separation and Apheresis Instrumentation”?
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Cell collection techniques

Continuous Mononuclear Cell Collection (CMNC) Mononuclear Cell Collection (MNC)
1. | B Chamber 1. |
E contents E Whole
Red blood cells Whole periodically Red blood blood enters
flow passively blood enters collected cells are disposable
removed .

to the reservoir disposable

Plasma is pumped into the
reservoir or collected

/4& a.

removed

‘
.
LY
Y
.
[
.
.
Y
\

M NCS
accumulate i A
In chamber : \‘:
N

White arrows indicate direction of blood flow in separator

I} White blood cells
are continuously
pumped into the
collection bag

White arrows indicate direction of blood flow in separator

Source: Terumo Blood and Cell Technologies
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Donor screening and testing

Donors are defined as individuals as sources for HCT/Ps intended
for implantation, transplantation, infusion, or transfer into a
human recipient

donor testing and donor screening are meant to address the
following three areas:

o Limiting the risk of transmission of communicable disease
from donors to recipients;

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells

19



Donor screening and testing

» Establishing manufacturing practices that minimize the risk of
contamination;

» Requiring an appropriate demonstration of safety and
effectiveness for cells and tissues that present greater risks due
to their processing or use.

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells
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Donor screening

According to 21 CFR, Parts 1270 and 1271, all donors of cells and
tissue must be screened for:

Risk factors for, and clinical evidence of, Relevant
Communicable Diseases and Disease Agents (RCDAD),
including:

» Human immunodeficiency virus (HIV), types 1 and 2
» Hepatitis B virus (HBV)

» Hepatitis C virus (HCV)
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Donor screening

» Human transmissible spongiform encephalopathy (TSE),
including Creutzfeldt-Jakob disease (CJD)
» Treponema pallidum (syphilis)
 Communicable disease risks associated with
xenotransplantation

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells 20



Donor testing

According to 21 CFR 1271.80(b), general requirements for donor

testing are as follows:

» Testing must be done for relevant communicable diseases

» donor specimens must be collected for testing at the time of
recovery of cells or tissue from the donor or up to 7 days
before or after recovery.

» Appropriate FDA-licensed, approved, or cleared donor
screening tests, in accordance with the manufacturer’s
Instructions, must be conducted

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells 21



Ancillary Materials

come into contact with the cellular therapeutic product, however
are not intended to be in the final product

 Monoclonal antibodies: used in cell selection/depletion

» Cytokines, growth factors, and other supplements: used to
regulate/activate/differentiate cells in culture

* Antibiotics, serum culture media, and enzymes: used to
passage cells

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells 22



Vector Production



Lentivirus

g

entiviral Life Cycle Assay
| r,f’s,. | «,L » ¢ efficiently introduce genetic material into a
N O e ~"»"7~  broad range of dividing and non-dividing cells,
5, $ i@ low immunogenicity
' \_ _owme. ° Potential Risks
o — 2% N » Insertional Mutagenesis
N » Immunogenicity
(%M \\_/'Lg » Limited Control of Expression
U T \ P, Off-Target Effects
- ﬂ s J Ol=r / » Risk of Vector Mobilization
\
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Lentivirus vector

7

Transgene of
interest

7

VSV-G (or other
Env)

4

GagPol Rev

“Helper” packaging plasmids

Expression plasmid

Lentiviral vector

Adapted from: Brown J. Supporting AAV and lentiviral vector development and commercialization. Pharma’s Almanac. May 24, 2019.
https://www.pharmasalmanac.com/articles/supporting-aav-and-lentiviral-vector-development-and-commercialization'®
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Vecter transfection

1. Genetic material
is inserted into a

viral vector.
genetic
material
Ex vivo: In vivo:
2. Cells are

2. Vector loaded with
genetic material is
introduced directly
into the body

removed from

the patie@

3. Vector loaded with genetic
material introduced into cells

4. Cells containing
genetic material are
grown in a lab

5. The modified
cells are then
returned to the
body

)
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General upstream processing for LV production

Plasmids Exchange to serum-

O O O O free npedia**

Expansion of
vector-producing Harvest
cells

Culture of HEK Introduction of
293T cells* LV construct*

Adherent vs suspension Transient transfection Potential media Initial supernatant
Serum vs serum-free (via addition of CaPO,, exchange to dilute collection ~ day 2
culture PEI, or other transfection reagent’ Successive media
. commercially available
Scale-appropriate transf t'l Y 9 exchanges/ '
vessel ranstection reagen supernatant collections Downstream
Optimal cell density through -day 3-7° .
Titer check/QC processing

Potential blending

Optimization of cellular health via control of
+————— temperature, pH, salt concentration, buffer osmolarity ————

N Minimization of shear

* Stable/inducible producer cells represent an alternative to transient transfection

** Optional; may simplify DSP if serum was used through cell expansion steps

+ Required to minimize cytotoxicity from CaPO,; not required when PEI is used as the transfection agent

¥ Vector production typically declines from 72 hours post-transfection onward; harvesting window may be extended with a stable producer cell line

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells
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inducible and stable cell lines for LV production

- . Lo T2 Envelope Reported titer Adheren-t or Reference
generation  system Suspension
ﬁzgg-nzo- 3rd Tet-off VSV-G 5x107 TU/mL Adherent Throm 2009%
Tet-on, 3.4x107 TU/mL/ . Broussau
- rd -
293SF-PacLV 3 Cumate VSV-G day Suspension 20083
293TsaGLOBE £ Tet-on VSV-G 1.4x107 TU/mL Suspension Chen 2020%
MLV
LentiPro26 3rd NA Amphotrophic | 10 TU/mL/day Adherent Tomas 2018
Envelope
WinPac o NA RD114-PR 1x108 TU/mL Adherent Sanber 20153
ASEUIUNITHRONANNUNTUT11TABTEE CAR-T cells
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General downstream processing for LV for ex vivo

pr es e s Polishin
Clarification Purification 9/

Formulation
Removal of whole cells Removal of Removal of proteins,
(suspension culture), proteins, nucleic nucleic acids, low MW
cell fragments acid fragments, impurities

(adherent culture), and  low MW impurities

large particulates Addition of stabilizers,

cryopreservatives, or
cell media for culture

Nuclease added in recipient cells
for nucleic acid
- . - -
S reduction _-
~
~ - -

~

~ . - Varying degrees of -
concentration achieved
depending on processes
used

* Can be excluded if manufacturing process certified as fully aseptic.

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells

Sterile
Filtration*

Removal of viral
aggregates and
adventitious agents

T-cell
transduction

Ex vivo
administration
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Options for upstream and downstream processing of LVs

Upstream Downstream Processing
Processing
1 el Harvest and Purificati Formulation/final
production clarification SEHESHON filtration/storage
Transient transfeption ViamilsEne it Anion exchange Sterile filtration
vs stable cell line chromatography (or certified aseptic

manufacturing)

) sA;i::;enn;v; " Single/dual-layer Tradi.tional vshnovel
uspensi ultu with progressively stationary phases b=
finer pores cryo tives/
Serum vs - yopreservatives,
serum-free Affinity chromatography cell media
TFF microfiltration
Vessel/bioreactor type TFF Vials/bags/syringes

Depth filtration Size exclusion

chromatography
Normal flow or TFF
depth filtration Ultracentrifugation
Low-speed or low-shear
centrifugation

< Nucleic acid reduction; cell debris, m—-
particulate and protein removal

g CoNcentration achieved =g
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CQAs for LV in the development of CAR T-cell

pla smld DNA DNA/proteins
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Release testing for key LV attributes

ATZUAUNITHNIACNA 6

Transgene presence

PCR, ddPCR, NGS,
Sanger Sequencing

21 CFR 6101473

Identity SDS-PAGE, MS,
Envelope immunoblotting, 21 CFR 610.1473
ELISA
Adventitious virus ICH Q5A (R1)*
(human, bovine, and in vivo and in vitro 9 CFR 113.53™
porcine if animal-derived | assays 9 CFR 113.467%
materials used) 9 CFR 113.477°
Testing of Retroviral Vector-Based Human Gene
Replication-competent qPCR, PERT, Therapy Products for Replication Competent Retrovirus
LV cytopathology During Product Manufacture and Patient Follow-up.
" FDA Guidance for Industry, January 202077
Sl PCR, RT-PCR, cell
Mycoplasma culture-based USP <63>78
assays
Sterility (CUITEAZ25E USP <7157
assays
LAL method: gel-
Endotoxin clot, chromogenic, | USP <85>8
and turbidimetric
pH meter G
2 (potentiometry) L
General Osmolality Osmometer USP <785>82
Appearance (color and Visual USP <6315

)

clarity)

NN du11ayiie CAR-T cells
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Release testing for key LV attributes (cont)

Purity

Residual plasmid

gPCR

Guidelines on the quality, safety, and efficacy

of biotherapeutic protein products prepared by
recombinant DNA technology: Replacement of Annex
3 of WHO Technical Report Series, No. 814. (2013)%

Residual host cell DNA,

gPCR, Picogreen,

Guidelines on the quality, safety, and efficacy
of biotherapeutic protein products prepared by

total DNA DNA Threshold recombinant DNA technology: Replacement of Annex
assay 3 of WHO Technical Report Series, No. 814. (2013)8

USP <509>85

Host cell protein ELISA, MS USP <1132>%

Residual serum/ Serum: 21 CFR 610.15(b)#’

nuclease/ ELISA, MS, Nuclease: ICH M7(R1)88

transfection reagent/ chromatography Transfection reagents: ICH M7(R1)®

solvent Solvent: USP <467>%
Chemistry, Manufacturing, and

:";oil;i(;:erse-lﬁrf:rferin Control (CMC) Information for

P ’ 9 ELISA, MS Human Gene Therapy Investigational

particles, non-infectious
particles

New Drug Applications (INDs). FDA Guidance for
Industry, January 2020"

Visible particulates

Visual inspection**

USP <788>%°
USP <790>%
USP <1790>°2

ATZUAUNITHNIACNA 6

)

§16Lb

=

gu1116Y6e CAR-T cells
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Release testing for key LV attributes (cont)

Physical/genomes titer

ELISA (p24), qPCR,
RT-PCR, HPLC

Chemistry, Manufacturing, and

Control (CMC) Information for

Human Gene Therapy Investigational

New Drug Applications (INDs). FDA Guidance for
Industry, January 2020"

Infectious/functional titer

Transduction of

cells followed by
quantification of

the pro-viral DNA
copy number

by gPCR or by
immunofluorescence
with flow cytometry

Chemistry, Manufacturing, and

Control (CMC) Information for

Human Gene Therapy Investigational

New Drug Applications (INDs). FDA Guidance for
Industry, January 2020"

Calculation

Chemistry, Manufacturing, and

Control (CMC) Information for

Human Gene Therapy Investigational

New Drug Applications (INDs). FDA Guidance for
Industry, January 2020"

Strength/

potency
Physical titer: infectious
titer ratio
Functional/biological
potency (transduced
primary cells)

Y] =]

Cell proliferation,
cytotoxicity,
cytokines

ATZUIUNITHNANNION UNIUIIUAYILE CAR-T cells

Potency Tests for Cellular and Gene Therapy
Products. FDA Guidance for Industry, January 2011%
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LV production process timepoints for safety testing

Process step

Expansion

Vector Finished
(vector

harvest vector

upstream)

Testing

« Retroviruses « Adventitious « Bioburden « Adventitious « Bioburden « RCL «RCL

- Adventitious viruses « Endotoxin viruses » Endotoxin « Sterility - Adventitious
viruses —in vitro » Mycoplasma « Endotoxin viruses
—in vitro » Mycoplasma - Bioburden —in vitro
—in vivo/ = Sterility —in vivo/

inapparent » Endotoxin inapparent

« Mycoplasma

- Sterility

- Endotoxin
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stability studies for bulk vector

. Method Study
Study type Temperature Quality e — duration
Preclinical : GMP e T
(IND-FIH)® Long-term Nominal (Dev OK) 3 Qualified 12 months
Phase 1'% Long-term Nominal GMP 1to 3 Qualified 12 months!10®
S Long-term Nominal GMP All PPQ Validated 12 months!10®
(registration lots)"°
P|vo.tal : 110 Stressed & °C-20, +5 GMP 3 Validated 12 months
(registration lots) accelerated
Commercial Long-term Nominal GMP Upto 3 Validated 12 months'®®
ASEUIUNITHRONANNUNTUT11TABTEE CAR-T cells
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Material

Preclinical

Study Type

Temperature

Quality

GMP

stability studies for finished vector

Lots

Method
Status

Study Duration

ini o i ifi 17,106,109
Finished vector (IND-FIH)"® Long-term | Nominal (Dev OK) 3 Qualified 3to 5 years
Finished vector | Phase 1'°® Long-term | Nominal GMP 1to 3 Qualified 3 to 5 years'10610°

Pl Validated
Finished vector | (registration Long-term | Nominal GMP All PPQ 3 to 5 years'106109
lots)'©’ (PPQ)
Pivotal Stressed & °C -20, +5,
Finished vector | (registration room temp, GMP 3 Validated 72 hr to months
g accelerated
lots)'°® +36
Pivotal
Finished vector | (registration CCIT Nominal GMP 3 Validated 3to 5 years
|Ots)106,107,111
. In-use conditions:
L Stability of manufacturin IS
Finished vector | (registration . -~ . 9 GMP & Validated conditions and
107 intermediates during
lots) L2 holds
process characterization
Finished vector | Commercial Long-term | Nominal GMP Upto 3 | Validated 3 to 5 years™

ATZUALNITHNA G WA 615 6L

Agu1117m%%he CAR-T cells
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CAR-T Production



Autologous and allogeneic generation

Autologus Allogeneic

Cell collection
(leukapheresis)

In vitro genetic
modification

Expansion,
cryopreservation

CMC analytics,
batch release

Infusion

~7 &
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Autologous and allogeneic in production

Patient

(A) Autologous ; —l Timeframe is critical for product delivery

Manufacture cell Cell product

Patient diagnosed
Cell collection

product administration

and prescribed
cell therapy

(B) Allogeneic

Patient
forecasting Cell collection Manufacture cell Manufacture cell
bank product

cell therapy
I Donor(s)

Cell product

administration IS 222 S

Patient diagnosed
and prescribed
cell therapy

Timeframe is not critical for product delivery,
as it can undergo long term storage. It is an
‘Off the shelf’ product.
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Unit Operations for an Example CAR-T

The main manufacturing steps in CAR-T therapy production are:
» Cell isolation (leukapheresis)

Activation

Transduction and/or genetic editing

Expansion

Harvest and formulation

Cryopreservation

Reinfusion (post-chemo depletion)

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells 41



Autologous cell therapy manufacturing process

Lentivirus To cell harvest
Cell selection and reagents (Figure 8-3)
Patient media
cells
€=l W?Sh Activation Cell culture
solution 5 q
# media media
I Cell thaw | Cell Cell selection Cell activation Gene editing Cell expansion
| (optional, if |  preparation (Viral delivery)
| frozen post- | | (debulk /
| collection) | enrichment)
Thaw cells Reduce Select CD4+, Stimulate Deliver Expand gene
in bags / contaminating CD8+, CD25+ T-cell genetic modified
cryovials cell types T-cells from growth and material to T-cells in static
(e.g. RBCs / PBMCs enhance nucleus or dynamic
platelets) from uptake of viral culture
apheresis or material Wash out systems
whole blood excess virus
| Water bath | Density Affinity Beads coated Lentivirus Single-use
i | gradient purification with activators or retrovirus bioreactors,
| Thawing | centrifugation using such as delivery flasks
| device 1 magnetic or CD3/CD28 system
| ] other beads Cell culture
| | Non-bead Transduction media,
! ] Technologies using cytokines,
i ) spinoculation growth factors
3 E Interleukins or reagents and/or serum

)
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Autologous cell therapy manufacturing process

ATZUAUNITHNIACNA 6

)
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From cell
expansion
(Figure 8-2)

Process step
Cell harvest

Description

Pool cell
culture
material and
prepare

to purify and
formulate

Unit operation

Depth filtration

Tangential
flow filtration

Centrifugation

Debeading
reagent

Cell wash
solution #2

| Debeading 1
| (optional) 1

Remove cell
selection or
activation
media

from cell
suspension

Magnetic cell
separation

Final
containers &
labels
Formulation
buffer
Wash and Formulation,
concentration fill and finish
Purify cell Place cell
suspension suspension
and in solution for
concentrate administration
to the desired or cryo-
volume for preservation
administration Fill, inspect,
and label final
container
Tangential Cryobags,
flow filtration cryovials
Centrifugation

Agu1117m%%he CAR-T cells

Administration
to patient

Cryopreserve
cell
suspension
(optional)

Freeze
suspension to
preserve cells
during
shipment or
storage

Controlled rate
Freezer
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eneic cell therapy manufacturing process

Tocell
selection

and harvest

(Figure 8-5)

Lentivirus
and

Activation
media

Healthy
donor cells,

reagents

post-apheresis
(Chapter 5) Cong Expansion
editing odi
Process reagents {hock
step
| Cellthaw | Cell | { f Cell Gene CAR gene Cell
i (optional, 1 isolation / | preserve | (optional) activation knockout delivery expansion
| iffrozen | |enrichment | (optional) | | (KO)
| post ! i ] ]
i N ] i ] ]
i collection) I 1 1
Description
Thaw cells Isolate Preserve Warm and Stimulation To make To insert Expand
in bags / desired and freeze thaw cells and the cells gene of gene
cryovials target cell cells prior to proliferation immune interest modified
type from further of cells compatible (GOl) T-cells in
apheresis processing static or
product (option to dynamic
pool multiple culture
batches of systems
cells)
Unit operation
| Water bath | | Affinity | Controlled | | Waterbath |  Antibody- Delivery AAY, lenti, Single-use
| ! purification | rate = | coated systems: retrovirus bioreactors,
1 Thawing . using ' Freezer 11 Thawing i beads, electropora- flasks
| device | magneticor | | | devices | bags, flasks tion, nucleo-
| | |otherbeads ' Bagsor = | Soluble fectors, lipid Cell culture
i ) 1 vials Vo  activation nano particles, media,
| | Cell sorter | = | reagents/ viral, cytokines,
| ] (Fluor- | = 1 antibodies mechanical growth
I | escence I o i Antigen squeeze tech- factors and/
| | activated ] = | presenting nology or serum
| ' cell sorting - | = i cells (APC)
I . FACS) I o | Technology:
| ] | = i ZFN, TALEN,
; ; ; n ; CRISPR, RNAi

)
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Allogeneic cell therapy manufacturing process

Final
containers &
labels

From cell
expansion
(Figure 8-4)

Formulation
buffer

Processstep vy
CAR+ TCR-T \Debeading | Washand Formulation, fill Cryopreserve
cell selection !(optional) | concentration and finish cell product
and harvest 1 1
i 1
Description
Obtain product Remove cell Purify cell Final preparation of Freeze for long-
purity selection or suspension and cell product term storage
activation concentrate (Concentration,
media from cell to the desired Freeze medium,
suspension volume for excipients)
administration Fill final container
Perform final
inspection
Label final
container
Unit operation
Affinity | Magnetic cell Tangential flow Cryobags, Controlled rate
purification ' separation filtration cryovials Frearey
using magnetic

or other beads

| Centrifugation
FACS

)
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Autologous cell therapy testing paradigm

Process Step

Cell thaw Cell Cell Cell Gene Cell
(optional, if preparation Selection activation editing expansion

frozen Post- T (debulk/ T T I (viral
collection) enrichment) delivery)

Testing Cell counts « Cell counts « Cell counts « Potency « Cell counts + Cell counts
» Cell viability » Cell viability « Cell viability (optional) » Cell viability » Cell viability
- Safety « Purity - Identity Cytokine - Identity « Purity
Endotoxin RBC, platelet CD4+,CD8+ release %CAR+ Process/product
Gram Stain depletion, %¥WBC Cytotoxicity related impurities
Sterility « Identity « Identity
Mycoplasma T cell markers %CAR+CD3+
(optional) to establish a  Potency
baseline prior Cytokine release
to selection. Cytotoxicity

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells 46



Autologous cell therapy testing paradigm

Process Step

Formulation, Cryopreservation
fill and finish g (optional)

Wash and
concentration

Debeading
(optional)

Testing Cell counts Cell counts Purity
Cell viability Cell viability Residual

Safety: plasmid DNA
Sterility Residual beads
Mycoplasma Contaminant
Endotoxin cell types
Gram Stain Identity
e %CAR+CD3+

Vector copy number Potency

Cytokine release
Cytotoxicity

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells

47



Attribute category

Time

oints following lot release (months)

0 3 6 9 12 18 |24 |36
Viable cell count Cell counting v/ v v v v v v
Cell viability Cell counting v v v v v v v
Safety Sterility (USP <71> / EUR Ph 2.6.27) v v v v
Identity % CAR+ CD3+ v v v v
Potency Cytokine release (ELISA) v v v v

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells
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Technology Measurement

NIR spectroscopy Cell culture metabolites (glucose, glutamine, lactate, ammonia), viable and
total cell density, osmolality

Raman spectroscopy Cell culture metabolites (glucose, glutamine, lactate, ammonia), viable and
total cell density, osmolality

Fluorescent sensors pH and dissolved oxygen

Refractive index Compositional changes

Multi-wavelength fluorimetry Amino acids

Holographic imaging Cell shape/size, cell viability

Impedance Biomass/cell viability

Turbidimetry Biomass

HPLC Media components (amino acids, sugars, proteins, metabolites)

LC-MS Media components (amino acids, sugars, proteins, metabolites)

Coulter counter Biomass/cell viability

Imaging Cell size/shape, cell viability

Photometric analyzers Cell culture metabolites (glucose, glutamine, lactate, ammonia)

)

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells 49



early-phase autologous CAR-T cell product specifications

Quality
Attribute

Appearance

Parameter

Color

Methodology

Compendial

Specification

Description of color

Clarity

Compendial

Description of turbidity

Identity

Confirmation of identity

Flow cytometry

Anti-XXX CAR+ cells detected (identity
confirmed)

Purity

Fluorescent

Cell viability microscopy and image
analysis

el ity Flow cytometry

immunophenotype

Product-related
impurities

Flow cytometry

Initial specifications based on platform
knowledge (product, process), patient
population, health authority guidance,
and risk-based approach

Process-related
impurities

ELISA or other suitable
methodologies

Initial specifications based on historical
process understanding, initial impurity
risk nent or tox ment

Strength

CAR + viable T cells

Flow cytometry

> XX CAR+ cells/mL (strength may be used
in lieu of potency)

Safety

Initial specifications based on platform
knowledge (product, process), patient
population, health authority guidance,

sl sk GEER and risk-based approach. Strength
alternative orthogonal control, develop in
later phase of development

Endotoxin Compendial XX EU/mL

Mycoplasma Compendial Not detected

Sterility Compendial No growth

)
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commercial-phase autologous CAR-T cell specifications

Quality Attribute

Parameter

Methodology

Specification

Color Compendial Description of color
Appearance = = — =
Clarity Compendial Description of turbidity
. . . . . Anti-XXX CAR+ cells detected
Identity Confirmation of identity Flow cytometry b e s
Fluorescent
Cell viability microscopy and image
analysis
N Meaningful specification established
T-cell purity/ LS : .
X Flow cytometry per clinical correlative analysis
immunophenotype
Purity
Product-related
. . Flow cytometry
impurities
Process-related ELISA or other suitable e spemﬂcatlgn e.,lstabhshed
. o N per process characterization/
impurities methodologies : S
impurity risk assessment
Strength CAR + viable T cells Flow cytometry > XX CAR+ cells/mL
Antigen-specific . Product-specific acceptance criteria
Potency . Bioassay X L .
function established per clinical correlative
- analysis (potency, transduction
Transduction controls gPCR controls)
Safety Endotoxin Compendial XX EU/mL
Mycoplasma Compendial Not detected
Sterility Compendial No growth

)

NFZUIUAITHAANI BN UNTULNT A6 CAR-T cells

51



cell-based therapy product QTPP

ATZUAUNITHNIACNA 6

)

§16Lb

Category of Attributes Examples

General Property

Therapeutic Indication

Relapsed or Refractory Diffuse Large B-Cell Lymphoma, r/r Acute
Lymphoblastic Leukemia

Shelf life

years

Storage Conditions

2-8°C, cryopreserved in vapor phase LN, <-130°C

Container Closure System

Bag, vial, sterile-sealed

Dosage Form

Liquid suspension, tissue equivalent, cryopreserved, fresh

Dose Regimen

Daily, monthly, single infusion

Delivery volume per dose

mL, mL/kg

Method of administration

IV administration

Drug product Quality Attributes

General attributes

pH, osmolality

Appearance Color, opalescence, visible particulates

Safety Microbial testing that, depending on the nature of the product, is likely to be
based on a multidimensional approach encompassing in-process and final-
product testing

Identity Tests to distinguish the specified cells through physical or chemical
characteristics of the cell line (i.e., phenotype, genotype, or other markers;
gPCR of transgene; tissue-specific gene expression)

Content Total cell number, cell concentration (cells/ml), active (transduced) cells/ml

Purity and impurities

Tests to assess product purity, considering the product (e.g., live cells, dead
cells, cellular impurities, residual vector, process-related impurities such as
residual media components, DMSO, anticoagulant)

Potency

Measure of the relevant product biological functions.

Methods to assess product biological activity are based on the different elements
involved with the mechanism of action (MoA), often multiple tests evolving from
specific markers in early stage to more functional assays at later stage.

Agu1117m%%he CAR-T cells
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Challenge on ATMP development

 ATMPs are complex pharmaceuticals

» gene therapy: transgene, type of vector, genetically modified
cells

» cell therapy: autologous, allogeneic, complex process,
combination products

» assessment requires expertise from several areas e.g. tissue
engineering, gene therapy, cell therapy, biotechnology,
surgery, pharmacovigilance, risk management, medical
devices and ethics
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Challenge on ATMP development

» Specific administration of certain ATMPs (catheters, surgery
etc.)

o Specific safety issues (e.g. integrational mutagenesis of GTMPs,
biodistribution/ectopic tissue formation of cell-based MPs)

* Nature of disease: monogenetic vs multifactorial

* Mode of action: treatment of disease to repair/regeneration

» Special challenges concerning manufacturing/quality, safety
and efficacy studies

* manufacturing constraints
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Challenge on ATMP development

>

GMP requirements for production
starting and raw materials; continuity of material supply
Immature production technologies, comparability
variability and process validation
» characterization, potency testing (related to clinical outcome)
* non-clinical challenges

» proof of concept, safety aspects (species specificities)

v

v

v

clinical aspects
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Challenge on ATMP development

» feasibility of dose finding and biodistribution studies in
humans, concomitant medication/surgical procedures,
efficacy!

* Product-related challenges:
» safety: dose, tumorigenicity, biodistribution, integration
» efficacy: inter-individual variability, administration
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Questions?



