aaaaa

Chavee Laomeephol, RPh, PhD

Department of Bochemistry and Mcrobiology,
Faculty of Pharmaceutical Sciences, Chulalongkorn Lhiversity

Chavee.L@chula.ac.th

ANEINdBAERNS
FACULTY OF PHARMACEUTI

Chulalongkorn University

115A

m

'- ﬂ&l
q

9F an ’.’

ﬁmmw

9

G}

S €90

11T MRARS

U AR ARy,
CHULA
\
.

23 December 2024
9.00 - 15.00 hr



Disclaimer

 This presentation is intended solely for academic purposes and should not be
used as a reference for regulatory, clinical, or manufacturing decisions.

* Any information provided here must be verified against official standard
references or guidelines for accuracy and authority.

« Some of the content, including parts of the presentation and speech, may

reflect the speaker’s personal opinions or views, which are based on current
scientific knowledge.

* [tis important to note that the accuracy of the information is valid only at the

time of the presentation. Users are encouraged to consult credible sources for
updated and reliable information.




£, Key topics

o Introduction to IECs

Control Strategy:
Monographs and Specifications

e Quality control

G Future prospects of IEC treatment
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Tumor Immunology: Introduction

Adaptive inmrunity is based on the clonal
selection of T cells and Bcells with receptors
recognizing specific 'non-self’ antigens

Innate inmrunity is nonspecific and

Innate Immunity Adaptive Immunity

rapidly generates defense reactions APCe
within foreign antigen encounters. - Antigen uptake
*+ MHC class |
NK cells: | %

Stress signals

ADCCs
Cytokine
production

Direct cytotoxic

Immune priming:

e Professional APCs (MHC
class Il) > CD4* helper T
cells > Cytokine production

CD4+
cell

Iytic
granules, . :° -

Tumors:

*  Tumor antigens Tumor recognition:
(TAAs, TSAs) - ptnd « CD8*T cells recognize

+  DAMPs ' via MHC class |
Activating So ligand for T . Receptor for

ﬂrl receptor ::::’::;’:g Co36 TCR MHC molecule stimulatory molecule

T Integrin af Ylntegrin ap ligand TCD36 ligand T KIR @ Tumor antigen .Stimulatory molecule



- Immunosurveillance

IFN-y * PGE2
VEGF
. Highly immunogenic tumor cell * TNFa =
| Tumor antigen  * IDO
w Poorly immunogenic tumor cell
* |L-10
™ Immunoevasive tumor cell TGF-p
* |L-6
DNA damage repair, e . \,
: apoptosis, senescence Innate and adaptive @ b+
S - LY immune cells o , vy |
. > :

Chemical carcinogen
Radiation

Normal healthy
cells

Genetic mutation
Viral infection

Transformed cells

Elimination

ey /\-'} ) )

Escape: 20

e .. D
Tumor cells adapt to the , Tumor evasion @ Ty
immune pressure, leading SRR sp € @‘!i» ;
to immune evasion and (@)
uncontrolled growth. Estans Equilibrium

Saurav Faul, Grrahari Lal, Ghapter 9 - Develgorment and Function of Natural Hiller Cells and Its Inpartance
in Gancer Inmunatherapy, Editar(s)h MA Hayat, Immunalogy Acadermic Rress 2018 Rages 117-140

Tumor editing

Elimination:

Immune cells are
successfully detected and
destroyed by immune cells.

Equilibrium:

Tumor cells can persist
to immune responses,
so they remain dormant.
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Tumor Immunology: Immune Escape

Create Ratective
Upregulation of | Mcroenvironment
Y «  Checkpant |
Tumor cell o Molecules
N\~ .
, Tumor
. anUQen

Tl L oss of Antigen | Activated | = Inmunosuppressive ‘
i T cell : OjterES 3 .
Presentation ~ ; | Ted  Resistanceto
: : i ; A{mtogs
Low immunogenicity ‘Tumors treated as self antigen: Antigenic modulation " Tumor-induced immune - Tumor-induced privileged site

suppression
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Tumor Immunology: Immunotherapy

Cell therapy.
* Tis
* (CARtherapy -
e OKcells Bd@ICS
« mhibs
« AGs
« HIEs
Cancer . ] N Antibodies * Cytokine
Vaccines 4 . therapy
Myeloid & Lol Checkpoint a-f; W
Depletion Inhibitors "\.\a< 2
Small nolecules
 Targeted therapy

Welty NE, et al. J Am Coll Cardiol CardioOnc. 2022;4(5):563-578.



Recap Tumor Inmunology and Inmunatherapy

* Tumor Immunology: The immune system'’s ability to recognize and
respond to abnormal cells, such as tumors.

* Immunosurveillance and Immune Escape: The dynamic balance
between tumor growth and immune control, occurring in three
phases: elimination, equilibrium, and escape.

* Immunotherapy: Cancer treatments based on tumor immunology
principles, including targeted therapies, immune checkpoint
Inhibitors, immune effector cells, and cytokine-based therapies.
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Immune Effector Cells: Overview

e

TGells((IB*, Gl") CO4 T ool coorm'
 Adaptive inmunity

. Oytotavic (DB} O —

Orect tumor killing _
* (CD4): Cytokine :
secretion /
Y A
mm{/‘
Dendritic Cells (DCs)

*  Bridge innate/adaptive
Antigen-presenting cells (APCs)
. Adtivating T cells

Natural Killer (NK) Cells

* Innate inrunity

* Recognize and kill cells with low
MHC- expression or stress ligands

FOXP3 Treg ceoll

Regulatory T Cells (Tregs)

FoxP3*, 025"

Release of immunosuppressive cytokines

Suppress (DB* T cells
|L-2 consuntion

Myeloid-Derived Suppressor
Cells (MDs)

» TG—BandIL-10 Secretion
 Inhibit T cell activation

Tunmor-associated

nncmphages (TAVE)
M2 polarization

angiogenesis,
suppress T cells,
recruit Tregs




Immune Effector Cells: CAR Therapy

o

CAR T cell

Gene for CAR

Genetic modification
using recombinant
DNA technology

—

Antigen
Expressing
Cancer Cell

Chimeric antigen
receptor (CAR)

Antigen-
recognition
domain

Intracellular
signaling
domains

Cell death



*(0)* Immune Effector Cells: CAR Characteristics Transfected CARs Gene

C— s | —{ )
5'LTR scFv CD28 CD3Z 3'LTR

Extracellular domain:

 Antigen-antibody complementary

» Recognition of TAAs or TSAs

 Single chain variable fragment
(scFv) of antibody

» Can be replaced with nanobody

ScFv —

Ectodomain

Transmembrane domain:

Typically derived from CD28 or CD8
Linker of extra- and intracellular
domain

Signal transfer after the binding to
recognition antigen

Spacer:
« Typically derived from CD28 or CD8

Spacer —J|- Fexibilty aid
POeeSOGBPP SeCCOCOD0CCOCOCOC0OCCIDA

Transmembrane domain
POSOODOS® 0000060000000 000

Endodomain

Intracellular domain:

* Must have unitis CD3(

 Involving T cell proliferation, activation and cytotoxicity

» Major part for CAR development, resulting in the new
generation of CAR
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Immune Effector Cells;: CAR T vs CAR NK Cells

Ry

v .

CAR-T CAR receptor CAR-NK
CD8/CD4
MHC
Advantage Advantage
Long-term tumor control TOR e Low risk of GVHD
CD86 NKpae  Off-the-shelf” manufacturing
Less CRS
COBY =S n CD244 | ess neurotoxicity
cozé P T cell activation NK activating o Multiple tumor recognition mechanism

receptors

(Antigen independent killing)

e :O‘:)o ) T3 CD16
Cytokine
Limitation signaling Limitation
CRS effect . T cell inhibition NK Inhibitory Short lifespan
Neurotoxicity CTLA4 & \ \ peceploee / Solid tumor infiltration
GVHD effect . "7/

. PD-1
Donor heterogeneity

Cytokine secretion ’ Cytotoxic granules
IFNy, TNFa @ o Perforin, Granzyme
Q 0@ Q
® o
0
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Kymriah

. 4-1BB
. CD3{

(Tisagenlecleucel):
« CD19 (B-ALL)

February
2021

Immune Effector Cells: CAR Products

Abecma
(idecabtagene
vicleucel):
« BCMA (MM)
 4-1BB
+ (CD3¢

October
2021

Carvykti (ciltacabtagene
autoleucel):
+  BCMA/NVHH-VHH (MM)
 4-1BB
+ (CD3C
April
2022

August
2017

March
2021

Breyanzi
(lisocabtagene
maraleucel):
CD19 (B-ALL)
4-1BB
CD3(¢

February
2022

Tecartus
(brexucabtagene
autoleucel):
« (D19 (B-ALL)
« (D28
+ (CD3¢

Yescarta
(axicabtagene
ciloleucel):
« CD19 (B-ALL)
+ CD28
+ (CD3¢




Immune Effector Cells: TCR Therapy

CAR-T cell TCR-T cell

Peptide —& — 1-Cell receptor

13— B2-microglobulin
Target
Protein HLA class |

Proteosome

Peptide

Tumor cell

TCR Therapy CAR Therapy

Target antigen Intracellular antigens presented by MHC nolecules Surface antigens only

MHC Dependency Yes, requires conpatibility with specific HAalleles N, M-C-independent

Applications Suitable for solid tunors and hematdlogic melignancies Prirarily effective in hematdlogic cancers, limited in solid tumors
Feasibility of Allogeneic Use Linited due to MCrestriction Increasing feasihbility with TCOR-knockout strategies

Development Stage Experimental, under clinical investigation Established, with FDA-approved products



PATIENT'S T CELL

{ Tecelra®

afamitresgene autoleucel

» Constant
suspension for IV infusion region
Enhanced TCR <
T&dra Vanable
Afamitresgene autdleucel (afami-cel)

region

*  Hrst HA-approved T-cell receptor
(TCR therapy
*  For metastatic synovial sarcoma

HLA Antigen <

4

CANCER CELL
Image caurtesy of httos,/imwvadaptimmunecary/



CAR & TCR Products: Manufacturing Process

CAR T-cell Therapy
Leukapheresis

Remove blood from . cel Make CAR T cells in the lab
patient to get T cells
Insert gene for CAR
o
T cell
) ) &R £
| é;/n{f Chimeric antigen
3 receptor (CAR)
» ¥
CAR T cells bind to cancer / CART cell ) = -
cells and kill them , % Mr}_
/ ’_# .y:.n,\
\ \{ r L} . \ \( f \ .
e tew =< —7
8V Cancer cell — Hea a - e T cell expansion
Antigens | - e Grow millions of
L : -.: CART cells
-xf‘k,"‘*? 44 CAR T cell ) jy
\ ’ {Ti.f‘/&’g..' \ ' \ \\\: AR S Bons i >
\! !/ Ll “at / ~ . ‘ —
3G ! » Infuse CAR T cells ———
p O 4 Cancer cell - into patient

Image courtesy of National Cancer Institute



Immune Effector Cells: TiLs

Tumor-Infiltrating
Lynphocytes (NLs)

Inmrune effector cells found within
the tumor microenvironment (TM)
 TILpopulation: COB* T cells, CD4'T
cells, yorI cells Beells, NKcells
* TILs can recognize multiple antigens,
including necantigens, which are
unique to individual tunors

* TlLtherapy is particularly promsing
for solid tunors, such as melanons,
where TILs naturally infiltrate Tumor cells
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Immune Effector Cells: TIL Product and Manufacturing

Y

r

b1 T

Aar”

v
AMTAGVI.
G AMTAGVI (lifileucel), Iovance Biotherapeutics, Inc.

Suspension

(Ilflleucel) for [V infusion

PREPARE & INFUSE: Patient receives

EXTRACT: Tumor tissue is EXPAND: Massive expansion of TIL
occurs in the presence of OKT3 & non-myeloablative lymphodepletion and is

EXCISE: A tumor
lesion is surgically fragmented and pooled fragments
are cultured with IL-2 for TIL to feeder cells, yielding a polyclonal infused with their (autologous) expanded
mixture of 10°— 10'' TIL TIL and IL-2

resected
accumulate in media

Process time: 22 days

Image courtesy of IOVANCE Biotherapeutics, Inc.
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Immune Effector Cells: CIKs

"54..:.-*'

.,°,; Signal 3 Cytokine secretion

: ’ :: = Effector-differentiating
& . Cytokines

NN
TLR4 Expression of type
| interferon genes
PAMP
et %ﬂ(
» Expression of inflammatory
TLRITLRS genes (including Thf)
TLR2TLRS

Bourque J; Hawiger, D Activation, Amplification, and Ablation as
Dynanic Mechaniss of Dendritic Cell Maturation Aalagy2023, 12 Té.
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Immune Effector Cells: Manufacturing of CIK cell products

b1 T

A Ak
) CIK cell improvement

Blood collection in CIK cell expansion - Activation by dendritic cells
allogeneic setting from PBMCs . IL-2 transfection

Days 0: INF-y . Bispecific antibodies (bsAb)

Day 1: CD3 mAbs, IL-2 . Targeted antibodies

o Day: 14-21”_-2 - PD-1 blockade

« Chimeric antigen

PD-1 mAbs bsAb

Blood collection in
autologous setting

CIK cell infucion

IL-2 transfection
<

Ghanbari Sevari, F, Mehdizadehy A, Abbas; K et al. Onitdkine-induced killer cells new
insights for therapy of herratalogic malignancies SemGall Res Ther 15 254 (2024),




: ¢ Immune Effector Cells: CIK cells vs CAR T cells

Overall high costs PITFALLS of CAR-T manufacturing PATIENT INFUSION

e Complex patient care
needs and follow-up

Very few authorized Expensive devices; one batch at a time; :
cell factories large amount of medium required; Foi?sli g]frtizrti:gﬁtcreeﬂiz
i inefficient for heavely pre-treated patients i i .
worI2W|de yP P toxicities (CRS, ICANS)
and relapse
) ¢ Challenging shift to

— Large amount of Complex and Cost increase and allogeneic setting

: ) blood required expensive long waiting time
{ f

= ! 7

/ 4

Leukapheresis  Shipping

v
[ \

[\ \ I + Manageable mild AEs
/) AN , ventually in outpatient
—_ A Academic GMP sy to use devices (G-Rex); zetet?nga”y WOLERAtEh

facilities more batches at a time; 4
ient static cell hf ¢ Potential
v TR ol mpiemeniaion
Small volume of Not required Locally available bridge therapy
peripheral or cord e Multiple infusions to
blood tailor the therapy

¢ Reduced GvHD in
allogeneic setting

Reduced overall costs CIK cells as alternative



Recap Inmrune Bfector Cells

« Immune Effector Cells: T cells (CD8* cytotoxic T lymphocytes & CD4*
T helper cells), dendritic cells, and NK cells.

 Current options: CAR T/NK cells, TCR-engineered T cells, tumor-
infiltrating lymphocytes (TILs), and cytokine-induced killer (CIK)
cells.
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Biologics & ATMPs: Lot Release

M om
Y ebe AIUNAY o 3 FIUAINPUN & ey beee

Hologics

«  Manufacturers Rroduction and In-Process Testing,
Fnal Product Testing, Documentation Subrmission

* Regulatory authorities Regulatory Review Lot
Certification and Release

Cell and gene therapy products
o Shot Shelf Life

*  Autologous Products: Limited amount

e Complexity: Hgh variation

To ensure that the products meet
the requirements on

* Quality
« Safety
* Efficacy
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Biologics & ATMPs: References
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Spedifications
In-house
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ne #5e1vesszmdlng atull b @l o 110 o wazatudindi

(Thai Pharmacopoeia I, Volume |, Part 1 and Supplements) ?fﬁ@lﬁuwﬁﬂaﬂizm’mm‘aﬁm@m

mlo M3unasgIueagulnglng 6l e @i b ENA o @il @
wazatiufiudy (Thai Herbal Pharmacopoeia Volume | Volume Il Volume Il Volume
IV and Supplements)

aen SsaNAsEIUENANUlnsIng WA odoo wazatudiundy (Thai Herbal
Pharmacopoeia 2017 and Supplements)

ne fsdunesuuravdinlads atufiniadi ¢ wazaduiuby
(The Fifth Edition of The International Pharmacopoeia and Supplements)

me Frsmisiladevesanizewsn atufiudadsdl ax (AL lbosb)
LLaxaﬁULﬁmﬁu (The United States Pharmacopoeia, Thirty-Ninth Revision, and The
National Formulary, Thirty-Fourth Edition and Supplements)

mo FERunsinade alu Af. boes @i - & Bitish Pharmacopoeia
2016 Volume 1 -5)

m.e gsusarnsulaly (@auwnemand) alu A boes (British
Pharmacopoeia (Veterinary) 2016)

o fglseuvhiunlade aduiuiadal & (Af. boos) wazatUisLY
(The Eighth Edition of The European Pharmacopoeia and Supplements)

« ° & = A v a 6 o a v a a
n. m'n?'lw'r:?miﬂl,ﬂaﬂuadﬂimmmuw AUUNUNASIN @ LAZQUUNULAY

(The Seventeenth Edition of The Japanese Pharmacopoeia and Supplements)”
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Biologics & ATMPs: Monographs

USP has stated that it will not develop a new monograph for a biologic unless there is
stakeholder consensus supporting its creation, including the support of FDA. USP’s
proposed revision is intended to align compendial names with FDA’s biologics naming
approach and avoid potential issues for manufacturers and other stakeholders.

(AP staterment on monagraphs far bidlagics Aoril 2 2018

FDA has already communicated to USP the Agency’s detailed concerns regarding biological product
monographs.® In a 2014 letter to USP, FDA cited significant concern that monographs for biological
products may impede or delay innovative technology and present an additional, unnecessary burden on
regulated industry. As an alternative, FDA encouraged USP to develop optional standards that are
“consisten7t with the flexible approach FDA uses to properly account for the complex nature of biological
products.”

HA Letter to &P March 28 2018
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Aspecification is defined as alist of tests,
references to analytical procedures, and
appropriate acceptance criteria which are
numerical limits, ranges, or ather criteria for
the tests described It establishes the set of
criteria to which a new drug substance or new
drug product should conformto be considered
acceptable for its intended use "Conformmence
to specifications’ means that the drug
substance and / or drug product, when tested
according to the listed analytical procedures,
will meet the listed acceptance criteria.
Spedifications are EilicSNGISIRSIESROETES
that are proposed and justified by the
manufacturer and approved by regulatory

authorities as conditions of approval.

Biologics & ATMPs: Specifications

Acceptance criteria

Quality attribute Test procedure Acceptance criteria
Appearance . Visual inspection Complies with in-house description
Identification A llst Of tests
pl of intact protein Imaged capillary isoelectric focusing Conforms to reference material
Tryptic peptide mapping RPLC-UV Conforms to reference material

Bioidentity Activity binding ELISA Conforms to reference material
Purity and impurities
Product-related substances and impurities: Charge variants

Main peak IEX-UV NLT 65.0%
Acidic peak IEX-UV NMT 15.0%
Basic peak IEX-UV NMT 20.0%
Product-related substances and impurities: Size variants
Major peak CE-SDS (non-reduced) NLT 97.0%
Heavy and light chain peaks CE-SDS (reduced) NLT 99.0%
Monomer SEC-UV NLT 98.5%
High molecular weight species SEC-UV NMT 1.0%
Low molecular weight species SEC-UV NMT 0.5%
Product-related substances and impurities: Post-translational modification (Glycosylation)
N-glycan profiling HILIC—Fluorescence detector Conforms to the limit of each glycan
Process-related impurities
Residual host cell protein ELISA NMT 20 ppm (ng/mg)
Residual protein A ELISA NMT 5 ppm (ng/mg)
Residual DNA qPCR NMT 40 ppb (pg/mg)
Additional process-related impurity
Protein concentration UV spectroscopy 90.0%~110.0% labeled amount
Potency
Functional assay Cell-based bioassay 70.0%~130.0%

Additional tests

pH USP (791} R f 5.5-6.5
Bacterial endotoxins USP (85) NMT 0.20 EUfmg
Total microbial count USP (61) e e re n Ces NMT 1 CFU/mL

Mycoplasma USP {63) Negative result of its nucleic acid

CE: capillary electrophoresis; ELISA: enzyme-linked immunosorbent assay; HILIC: hydrophilic interaction chromatography; IEX: ion exchange chromatography; NLT: not less
than; NMT: not more than; pl: isoelectric point; gPCR: quantitative polymerase chain reaction; RPLC: reversed phase liquid chromatography; SDS: sodium dodecyl sulfate;
SEC: size exclusion chromatography; USP: United States Pharmacopoeia; UV: ultraviolet,



Biologics & ATMPs: Specifications

ICH HARMONISED TRIPARTITE GUIDELINE

SPECIFICATIONS: TEST PROCEDURES AND ACCEPTANCE CRITERIA
FOR NEW DRUG SUBSTANCES AND NEW DRUG PRODUCTS:
CHEMICAL SUBSTANCES

Q6A

Current Step 4 version
dated 6 October 1999

ICH HARMONISED TRIPARTITE GUIDELINE

SPECIFICATIONS: TEST PROCEDURES AND ACCEPTANCE CRITERIA
FOR BIOTECHNOLOGICAL/BIOLOGICAL PRODUCTS

Q6B

Current Step 4 version

dated 10 March 1999

Drug substances

Drug products

Universal tests
* Description

* Identification
* Assay

* Impurities

Specific tests

*  Physicochemical properties
* Particle size

*  Polymorphic forms

*  Chirality

*  Water content

*  Microbial limits

 Appearance and

Description
* ldentity
* Quantity

e Purity and Impurities
* Potency

Specific tests (e.g., parenteral

products)

*  Sterility

¢ pH/Osmolarity

« Endotoxin/Pyrogens

* Particulate matter

* Extractables

«  Water content/Reconstitution
time

* Re-dispersibility

 Appearance and

Description
* ldentity
* Quantity
e Purity and Impurities
* Potency

* General tests &
Additional testing for
unique dosage forms




Biologics & ATMPs: Setting up a specification

ICH Q8 ICH Q14

Quality focusing A QoD B/Analyucal QeD .
QTPP - |
* Qﬁllty-w-cm gn ammdes IG-I s * Hazard identification Ll é%ﬂggﬁ?le

understanding 4 .
: Quality attributes « Ri i . Risk Technology selection, 4
* Prior knowledge o y g S!St anally3|t§ Risk assessment assessmant | figures of merit understandmg
« Product characterization ISK:evallauon . ’ « Prior knowledge
) to deterrf':'ne CQA Critical analytical » Procedure
= * Risks to efficacy and e characterization
e Int ientifi . CQA . o s Y performance criteria
@I ate &la Itl IC u m' gal d“g . y ; « Severity, probability, and :
DT . « Hazard identification detectat;ilit o risks‘ Risk Procedure parameters, .
. th materia?attributes * |« Risk analysis Y assessmant | material attributes Analytical
In products and processes W Process * Risk evaluation method

understanding Critical procedure

qLBlIty nSk mmm‘t (m « Prior knowledge CPP and CMA conditions development

* Process characterization - - Developing a
Developing a design space

. . design space ]
S s e > 5
Safety and Hficacy focusing Nammi=rrrers Riskconirol B[ [ Analyticaldesign |
- gn sp through control | S space
rough contro - Control strategy
° I - f 1A Control strategy Desigring « Risk reduction strategies £ Risk control (E):nstlglugga?egy * Analytical instrument
%tla‘\t-ca‘\tnc m‘ |Cat|m « High-risk CQAs: a control « Risk acceptance * Reduction of risks to = - qualification
| ; : strategy efficacy and safety @© Analvtical trol * Analytical method
- . Routine specification testing of 8 dia bradiict O nalytical contro aryti
Rely on clinical data and patient | ofadugp - e e
y  Low-risk CQAs: Control strategy e : = — : feysi s BBl ot
. Non-specification approaches Risk review and g Risk review l Maintaining consistency | * 8?:'“)’ controlhsample
* Non CQAs: Maintaining X . = . er approaches
InpaCt Some may be controlled consistency “Peviaw gvenps continuous L Analytical procedure
if it is useful to monitor Lf | t Ir?z:ovemdentt ”fecyCIe management
. . 1 1 ITe cyCle managemen of the produc =
*  Tighter criteria for high-risk R y g -

OQAs inpacting efficacy and
safety




Recapr Control Strategy for Bologics & ATMPs

* Monographs: Monographs for biologics and ATMPs are often absent
In USP. References should rely on ICH guidelines for general
concepts and framework.

» Specifications: Compose of a list of tests with references and
acceptance criteria. Universal tests are similar to chemical drugs
but include potency tests due to biologics' complexity.

» Setting-up a specification: Must address the quality, safety, and
efficacy of the products.




A Risk management: Sources

CriskD

Cell processingand

Ipurities &

Activation and
expansion

N

Contanminants /—\ /-—

Supply
chain

Bioreactor
© GE Healthcare
= g \
Y Washing,
v :' v"'concentrationand
& . formulation
[ Y
VY 5
v ] 2
1 3

selection
~
-~ Ga Product - /V
b' LY.L u
&, b specific nsks
bv‘ ™
CliniMACS® Prodigy AN GMe
All-in-One Cell Processing N-GMO g
© Miltenyi Biotech _
) g
Al
.0
4.,
. )‘- Genetically engineer
Pe @ ot Cancer-specific T-cells
o

Fragmentation of tumour sample
and isolation of tumour infiltrating
lymphocytes

CHUV custom-made class A isolator for
Open steps manipulation

Isolator Getinge

© Getinge, photograph CHUV

Sarting
materials

Final
Product
infusion

el
yel L%

A A

\

LOVO Cell Harvester

© Fresenius Kabi

OCs & Release
processes

VIA Freeze

Liquid nitrogen —free
cryopreservation of cells
© Asymptote, GE
Healthcare

Current Opinion in Biotechnology

lancu BM Kanaalaft LE Challenges and advantages of cell thergoy manufacturing under Good
Manufacturing Ractices within the haspital setting Qurr Qoin Batechnal. 2020 Oct 65.233-241.




A Risk management: Identifications

CriskD

That is the reason why...

“Cell therapy products are really
only defined by their process.”

David Courtman
Director, Cell Manufacturing, Biotherapeutics Core Facilities,
Ottawa Hospital Research Institute

“In other words, everything you do in your manufacturing, you
need to have evidence that it is safe and that it’s producing what
you expect. If you have that, you are in a much better space in
terms of moving ahead in translation.”

Ottawa HOSp ital A short guide to cell therapy manufacturing, part 1
Research Ins“tute https://medium.com/the-expression/a-short-guide-

to-cell-therapy-manufacturing-part-1-ad61e29f94b2
Institut de recherche
de I'Hopital d'Ottawa



https://medium.com/the-expression/a-short-guide-to-cell-therapy-manufacturing-part-1-ad61e29f94b2
https://medium.com/the-expression/a-short-guide-to-cell-therapy-manufacturing-part-1-ad61e29f94b2

CAJ Quality-by-design: Concepts

BEGIN

WITH END

THE
IN MIND

Covey 1989

. ﬁbD is a conceit based on that F
* In pharmaceutical sciences, QbD helps to
predefine the characteristics of encl

products based on desired outcomes, such
as clinical performance, patient compliance
and satisfaction, or safety.

INTERNATIONAL CONFERENCE ON HARMONISATION OF TECHNICAL
REQUIREMENTS FOR REGISTRATION OF PHARMACEUTICALS FOR HUMAN USE

ICH HARMONISED TRIPARTITE GUIDELINE

PHARMACEUTICAL DEVELOPMENT
Q8(R2)



CRisK

CQA is a physical, chemical,
biological, or microbiological
property or characteristic that
should be within an
appropriate limit, range, or
distribution [GIEHSHEEHRE
desired product quality.

CMA and CPP are defined as
“A material or process
whose variability has an
impact a critical quality
attribute and therefore it
should be monitored or
controlled to ensure desired
drug product quality”.

% Quality-by-design: Elements

Product

understanding
* Prior knowledge
* Product characterization

Process

understanding

* Prior knowledge
* Process characterization

Control strategy
« High-risk CQAs:
Routine specification testing
and other approaches
* Low-risk CQAs:
Non-specification approaches
* Non CQAs:
Some may be controlled
if it is useful to monitor

QTPP

» Hazard identification
* Risk analysis
* Risk evaluation

Quality attributes

v

CQA

» Hazard identification
* Risk analysis
* Risk evaluation

Process parameters,
material attributes

v

CPP and CMA

Developing a
design space

Design space

2?!,%?;2? * Risk reduction
* Risk acceptance
strategy

A 4

QTPP is a prospective summary of the
quality characteristics of a drug product
that ideally will be achieved to ensure
the desired quality, taking into account
safety and efficacy of the drug product.

Risk assessment
to determine CQA

* Risks to efficacy and
safety of a drug product
« Severity, probability, and

detectability of risks

Risk control

through control

strategies

* Reduction of risks to
efficacy and safety
of a drug product

>

Control strategy

Maintaining

consistency * Review events

Life cycle management

Risk review and
continuous
improvement

of the product

Tools to identify QbD

elements:

* Prior knowledge

* Risk assessment

* Mechanistic model,
design of experiments,
and data analysis

* Process analytical
technology




C% Quality-by-design: Identify QTPPs

Collection CAR transduction

Activation Gene editing Expansion Freezing Storage Treatment

Autolc

Patient with
RRB-ALL

12 t0o 96 h

Patient

* Tcellidentification
e Tcellenrichment
* Tcell activation

v
* Transduction using
Lentiviral vectors

Ref:LvZ, Luo F, Chu Y. Strategies for overcoming bottlenecks in allogeneic
CAR-T cell therapy. Front Immunol. 2023 Jul 24;14:1199145.



CriskD

A\ qualit

y-by-design: QTPPs

Product dosage form

Suspension for IV infusion, Fresh CAR T product

Stability

Shelf life: 96 hours for fresh product

Indications

CD19+ hematological malignancies

Total cells per dose

30 to 1,000 million T cells with at least 10% CD19

Pre-conditioning
Regimen

Cyclophosphamide and fludarabine prior to
infusion

Dosing Regimen

Single infusion; split dosing optional

CAR T cells
Identity * Presence of T cells (CD3+)
* Absolute number of CD4+, CD8+ T cells
Net volume 30 mL

Adverse Event
Management

Recommended protocols for CRS and ICANS
management
Hospitalization requirements and follow-up

Process lot size

4 bags of cells
(2 for retention, 1 for release testing, 1 for
guarantine)

Administration time

IV infusion 30 minutes within 96 h after product
release

Transfer conditions

2-8°C

Potency

Phenotypic profile confirmation of CD19 CAR
T cells

Vector copy number

Cytotoxic assay of CD19+ tumor cells
Cytokine release assay

Cell viability

Container closure
system

Identical primary packaging to RLD

Package integrity

No failure

Purity

* Absence of cellular Impurities (NK cells,
monocytes, CD19+ B cells)
* Absence of magnetic beads

Safety

Insertional mutagenesis risk
Replication competent lentivirus
Sterility testing

Endotoxin testing

Mycoplasma contamination testing




A Quality-by-design: Identify CQAs

CriskD

Product dosage form

Suspension for IV infusion, Fresh CAR T product

Total cells per dose

30 to 1,000 million T cells with at least 10% CD19

CAR T cells
Identity * Presence of T cells (CD3+)
* Absolute number of CD4+, CD8+ T cells
Net volume 30 mL

Process lot size

4 bags of cells
(2 for retention, 1 for release testing, 1 for
guarantine)

Potency

Phenotypic profile confirmation of CD19 CAR
T cells

Vector copy number

Cytotoxic assay of CD19+ tumor cells
Cytokine release assay

Cell viability

Container closure
system

Identical primary packaging to RLD

Package integrity

No failure

Purity

* Absence of cellular Impurities (NK cells,
monocytes, CD19+ B cells)
* Absence of magnetic beads

Safety

Insertional mutagenesis risk
Replication competent lentivirus
Sterility testing

Endotoxin testing

Mycoplasma contamination testing




i Quality-by-design: Specification Development (1)

RISK

*  Suspensionfar IV * Tecells (B" celly) « Nurber of viableTcells  Organicinpurities «  Oytotoxic assay
infusion  CARTcells (CB* cells) *  MNKcells Monocytes Beells  «  Qytokine release assay
* Fresh cell product * Parcentageof CAR'T *  Residual plasmid DNA + \ector copy nurrber
cellsintatal viableT =~ °  Product-relatedinpurities
cells Hemental inpurities
«  Magnetic beads
Residual solvents
*  Qulture medium
- OMXD
Speaflctests MIagerICInp.rltles
Sterility tests m&me"t
*  Mycoplasma contamination tests «  Calswithinsertional
 Bactenal endataxins mutagenesis
* pH
Qsnolarity
 Particulate metters
*  Container closure integrity




i Quality-by-design: Specification Development (2)

CRrisk )
Spedification category Quality attributes Test procedures Acceptance criteria
Appearance and description Misual inspection Cell suspension in clear; amber
solution; no visible particulates
|dentity CDB+T cells How cytometry Meet the requirements in Guantity
CARt+ cells How cytoretry Meet the requirements in Quantity
Quantity / Assay Total viable T cells How cytometry NI 10x1C8 cells
Rercentage of CAR+cells How cytometry NT10% of the tatal viable T cells
Rurity Total cells with D19+ CC20+ HA-DR+, How cytometry NMT 01% of the total viable cells
CDl1c+, CDI4+ CDI6+ COB6+or CDI23+
Magnetic beads ICP-MS Absence
M0 QC-M5 NMT Q1%
Residual DNA qPCR NMT 40 ppb
Replication Conrpetent Lentivirus RCL_assay NMT1 ROL/mL
Oncogene insertion gPCR Meet the requirementsin Fotency

(Vector copy nurrber)




A Quality-by-design: Specification Development (3)

CRrisk )
Spedification category Quality attributes Test procedures Acceptance criteria

Patency Cytotaxic assay Cell-based assay NT 50% cell lysis
Cytokine release assay BISPOT NT 100 SAUs per well
Vectar copy nunber qPCR NMT'5 copies per cells

Specific tests pH BEP<791> 9.5-6.5
Osnrolarity LBP<785> 310-370 msmkg
Bacterial endotaxins LBP 85> NMT 020 B)yg
Serility WP <71> No micrabial gronth
Mycoplasma LBP <63 Negative result of its nucleic acid




Recap (oD & Spedafication Development

* Risks: Quality, safety and efficacy of biologics and ATMPs are highly
dependent on the processes, Risks must be thoroughly identified

and mitigated.

* QbD: QbD a systematic approach that defines the desired
characteristics of the final product.

» Setting-up a specification: CQAs, derived from the QbD process,
form the foundation for developing product specifications.




Appearance and description

NDC 0078-0846-19

tisagen IeCIeuce Human T-Cells Rxonly

Suspension for IV infusion

J KYM R I ﬂ I—ITM Cultured, genetically modified

For autologous use only

Target Total Volume 10mL-50mL per bag Dispense with Medication Guide
Dosage: See prescribing information.

Contains 2 x 10¢ to 2.5 x 10¢ CAR-positive viable T cells

Cryopreserved in: 31.25% (v/v) of Plasma-Lyte A, 31.25% (v/v) of 5% Dextrose/0.45%
sodium chloride, 20% (v/v) of 25% HSA, 10% (v/v) of 10% Dextran 40 (LMD)/5% Dextrose
and 7.5% (v/v) DMSO Name: John|D

Store at < -120°C; vapor phase of liquid nitrogen D(a)geoajo JRN g?) 00

Properly identify intended recipient and product Jcnt s

‘ Do not use leukocyte depleting filter DIN: W1234 17 123456
, Do not irradiate Expiry: 01-JAN-2018
Not evaluated for infectious substances Batch: 12345678

Mfd. by: Novartis Pharmaceuticals Corporation
Morris Plains, NJ 07950

U.S. License # 1244  KYMRIAH.com
1-844-4KYMRIAH (1-844-459-6742)

U> NOVARTIS 5004685 © Novartis

Image caurtesy of Nvartis Fharmraceutticals Corparation

Photo by Penn Medical

Inage caurtesy of Ardfins Wracar; LLC
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|ldentity and Quantity: Flow cytometry

Flow cytometry is a _ but _ tool; the practical application of which is recognised

to be diverse and often challenging to standardise. Standardisation is critical in supporting robust data
generation, enabling data comparability between users and instruments, and when applied to development of
ATMPs, ensuring reproducible product quality, safety, and efficacy throughout the entire product lifecycle.

Sample preparation Instrument setup Data acquisition

Data analysis

Cell Sfmple
- Fluorescence
Cryopreserv p .
r)oz;;sor\c (* (U @ detector CD3* cells
il _ S p—
r
‘ @ N cDs —"*“r‘ l
Laser light =
f ® s Baseline PMT source @ s @
! ) PR voltage determination ) -
\ o STy 1——’;;,;;‘”“' o
&l 2 1l v ' ). g’lp"“" Gate cell
‘WIN"  [Separate ,:__’“"’_"-/ ter popula(ions
AL monongclear Optimize | of interest
| Draw cells using a Pass stained cell suspension ‘
; Ficoll i fluorescence h hi N
1 hlogd from icoll gradient detector sensmvny through laser beam Populatlon Ref. Ref. Sample
| subject : mean SD
-~y I % of T cells 123 6.2 707
MQ/ = (total
lymphocytes)

Stain with z,c:f 'CTDji"“cc)*lls 674 10 63.2

fluorescent orakiy.cens

antibody %of CD8'cells 286 6.6 304

conjugates

Recommended articles for T cell characterization by Flow cytometry

(total T cells)

Nature Reviews | Immunology

* Maecker, H., McCoy, J. & Nussenblatt, R. Standardizing immunophenotyping for the Human
Immunology Project. Nat Rev Immuno/12, 191-200 (2012). https://doi.org/10.1038/nri3158

Recommended surface markers
(special for T cell products):

T cells: CD3 (to define T cells), CD4,
CD8, CD45RA and CCR7

B cells: CD19 and CD20 (to define B
cells), CD38 (plasmablasts and
transitional B cells), CD24
(transitional B cells), and IgD and
CD27 (naive and memory B cell)

NK cells, Dendritic cells, and
Monocytes: HLA-DR, CD1ic, CD14,
CD16, CD56 and CD123


https://doi.org/10.1038/nri3158

Quantity: Flow cytometry

c 0l 0.008 pl 0.04 pl
4262 K+ 262 K i 262 K 1
"B CAR I
197 K+ 197 K 1 197 K 1
o 0.14% i
131 K] 131K - 131K |
66 K11} 66 K {4 66 K |
O — o — : E— 'y [N I A ——
-10'10* 10°® 10* 10° -10"10* 10® 10* 10° -10'10* 10%® 10* 10°
0.2 ul 1wl 5l
262K-_ g 262 K - d 262 K-_ 3
] R CAR ] > CAR
197 K 1 197 K - : 197 K1 :
9 ] " .15.03% : = 34.27%
131K | 131K { - o | 131 K -
Bk ] % 66K —_ 3 e K -\-i Gene transfer activity of a CD8-LV stock encoding the CD19-CAR. Serial dilutions of
G s b the vector stock were incubated with Molt4.8 cells. CAR expression was measured by
* O e e o [ S SNSRI 0 the expression of the myc-tag after 4 d via flow cytometry. Side scatter area (SSC-A)
§ -10'102 10°® 10* 10° ~10'102 10°® 10* 10° ~10'102 10® 10* 10° is displayed on a linear scale, whereas the axis scale for the CAR (PE) is logarithmic.

CAR-PE >
Weidner, T.,, Agarwal, S., Perian, S. et al. Genetic in vivo engineering of
human T lymphocytes in mouse models. Nat Protoc 16, 3270-3240 (2021).
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Purity: Flow cytometry

BRIEF COMMUNICATION

ﬂaﬂ]:tai .
medaicine https://doi.org,/10.1038/541591-018-0201-2

Induction of resistance to chimeric antigen
receptor T cell therapy by transduction of a single
leukemic B cell

Marco Ruella®'23451 Jyn Xu'#3" David M. Barrett®", Joseph A. Fraietta'?>*, Tyler J. Reich ™',
David E. Ambrose’, Michael Klichinsky'’, Olga Shestava', PrachiR. Patel’, Irina Kulikovskaya',
FarzanaNazimuddin', Vijay G. Bhoj"??, Elena ). Orlando?®, Terry J. Fry @, Hans Bitter?,
ShannonL. Maudes, Brucel. Levine @23, ChristopherL.Nobles™, Frederic D. Bushman™,
Regina M. Young', JohnScholler!, Saarl. Gill'*4, Carl H. June ®'234* Stephan A.Grupp®,

Simon F.Lacey"*** and J. Joseph Melenhorst"3'*

CD19 CAR-transduced B cells (CARB)

We report a patient relapsing 9 months after CD19-targeted
CAR T cell (CTLO19) infusion with CD19" leukemia that aber-
rantly expressed the anti-CD19 CAR. The CAR gene was unin-
tentionally introduced into a single leukemic B cell during
T cell manufacturing, and its product bound in cis to the CD19
epitope on the surface of leukemic cells, masking it from rec-
ognition by and conferring resistance to CTLO19.
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Purity: Quantitative polymerase chain reaction (PCR)

Real-time quantitative PCR
(RT-qPCR)

A. SYBR Green
Primer Extension

pe W
m{,}ﬁ{;ﬁi} — T3

B. TagMan Probe
oQ ~
e 5 C“ °
—

Droplet Digital PCR (ddPCR)

vy

¥ S— — NV S—
|| s | ! | B [ s
o !d S | et | 4 -, 1A

Preparation Distribution PCR reaction Readout

Proece
0000 388

Sample partitioned ® Positive reactions Absolute

gDNA, cDNA, RNA, plasma

into many reactions o Negative reactions quantification

Comparative Strengths of gPCR and dPCR

Strengths of gPCR

Established technology

Strengths of dPCR

Emerging technology

Relative measurement, ideally
suited for gene expression analysis

Absolute measurement eliminates
need for standard curve

Wide choice in detection chemistry
and reaction volume equates to
flexible running costs

High precision for better reproducibility
for low input target concentrations

Large dynamic range

Greater sensitivity for rare
mutation detection

—. 0000, scte_. BEE

Higher throughput,
automation compatibility

Improved precision for higher
copy number variation analysis

Image courtesy of Drug Discovery World




DETECTABLE VIRUS

Cornetta K, Lin TY, Pellin D, Kohn DB. Meeting FDA Guidance
recommendations for replication-competent virus and insertional
oncogenesis testing. Mol Ther Methods Clin Dev. 2022 Dec 2;,28:28-39.

Ref: Cornetta K, Duffy L, Feldman SA, Mackall CL, Davila ML, Curran KJ, Junghans RP, Tang /Y,
Kochenderfer /N, O'Cearbhaill R, Archer G, Kiem HP, Shah NN, Delbrook C, Kaplan R, Brentjens R}, Riviere
I, Sadelain M, Rosenberg SA. Screening Clinical Cell Products for Replication Competent Retrovirus: The
National Gene Vector Biorepository Experience. Mol Ther Methods Clin Dev. 2018 Aug 17,10:371-378.

USFDA, Testing of Retroviral Vector-Based Human
Gene Therapy Products for Replication Competent
Retrovirus During Product Manufacture and
Patient Follow-up: Guidance for Industry

I
Tll"ll:(:ll!tatel coo| O Vector
es icle
‘ 888) @ Rcr
>
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(4-5 days)
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=" Potency: Functional assay

L2 Functional assay: Cytotoxic assay
Damaged cells
N M'n 7 CAR-T cells + CD19+* K562 cells *_s--ijx LDH assay s Pyrvate o 2 NADH —
CAR-T==C == come *= CAR—T—-*, CDig+ * f/ \\ » LDH | | I Diaphorase
9 N Incubate 16 hr )‘.1.—-“- Invitrogen™ CyQUANT" LDH Q\\__// Laciate NAD* <2 2 Formazan
Cytotoxicity Assay =

Image courtesy of Invitrogen, Thermo Fisher Scientific
Viability measurement could be conducted using:
*  MTT uptake,

*  Chromium-51 release (although there is an industry-wide move away from radioactivity-based assays),
* Lactate dehydrogenase activity,

* and luciferase activity (which requires a luciferase expressing tumour target cell line).

Functional assay: Release of key cytokines
E.g., IFN-y, IL-2, and Granzyme B

Streptavidin-HRP Analyte : :
"Bi::ection ° : : ° E
Tt ELISPOT or
ELISA " . Capture
; Multiplex assay

Antibody
U

y/
o &
607,; i
A ] B Luminex
Bead




Recapr Quality contral

» Tests: Quality control tests should encompass the categories
outlined in ICH Q6B, including appearance, identity, quantity, purity
and potency.

* Flow cytometry and qPCR: These are essential techniques in cell
and gene therapy quality control.

* Functional assay: Cell-Based Assays are required to confirm the
potency of the product by evaluating its efficacy in Kkilling target cells
or eliciting the desired immune response.
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Future of IECs: Overview

Source of cells;

«  Allogeneic cells (off- 1) T-cells purified from blood 2) Create CAR T-cells
the-shelf)

* Invivo engineering
or reprogramming

Development of new

5 | receptors;

* Head-to-head comparison
of existing CAR or TCR

» New generation CAR

T —— MOVOT )

CAR gene inserted

Gene delivery; CAR T-cell
« T cell targeting

*  Precision gene insertion
Manufacturing process; »  Non-viral vector

« T ecell processing /\\_tw\ \

*  Processing time and cost e =0 =

Jeee St o) W4
g oo s =y 2 7=\ .
| “ﬂ”q .s‘ li gr. & “ é 2 | V “‘ ﬂ a\\\ % ///“‘ . :.‘.

\ 0 ‘ 4’ - /"/
.\\ ‘ - \ - (’ “//’ % “
Extended application;
»  Solid tumor

3) Expand CAR T-cells 4) Infuse CAR T-cells 5) Death of cancer cells

Treatment regimen;
«  Combination therapy
* ADR management




Off-the-shelf: Allogeneic cell transfer

pai-4

From one irl

Healthy leukopack vector T cell

donor T cells

Challenging:
e Graft-versus-host
disease (GVHD)

-

TCR-
CD52

Amplification  Filtration Fill Freezing
K Ciana editing) x100 and magnetic T cell infusion
removal of for many
TCR* cells patients
Using al[ogeneic CART cells derived from a Depil, S., Duchateau, P., Grupp, S.A. et al. ‘Off-the-shelf’ allogeneic CAR T

.. cells: development and challenges. Nat Rev Drug Discov 19, 185199 (2020).
stem cell transplant donor (limited for relapse P g g (2020)

patients with previous allogeneic SCT).
Using virus-specific memory T cells

Using non-aB T cells (e.g., NK cells, NK T cells,
yO T cells)

Using gene editing



u&; Off-the-shelf: In vivo reprogramming/engineering cells

Adoptive ) iYe

CART cell ik i programming of
transier CART cells

[0) O g i~ N oy, Major concerns:

: i\ &‘.ﬂ* I Z

) c L : R * Gene delivery system (Integrating
viral vector vs non-viral vector)

A\

Nanoparticles
containing

.- == * Efficiency (limited number of T cells,
O‘ Ny s no T cell selection, persistence of

B A £
A L QY
QX Ly ‘ : Specific/delivery CAR T CellS)
> < Bs s o . of/ICAR constructs
B 4 N R \ fo circulating T cells
> ,

CAR. N 5 ‘ ]  Targetability (cancerin disguise)

expressed
T cells s Cell expansion

and quality
control

Extracellular domain

B V) £
-
Chimeric \U b {antigen recognitior) CAR T cells recognize,
antigen latch, and kill

receptor cancer cells

.
L]

A W
(CAR) ,"'\'{\\\\{\X“‘““-. ' _  domain
> C 78

Transmembrane

ATR\

Laomeephol C, Areecheewakul S, Tawinwung S, Suppipat K,
b acellilas dontain >/Q} i~ Vil S : Chunhacha P, Neves NM, Luckanagul JA. Potential roles of
b (signalling/stimulation) cART.] \® L E:I?sc B hyaluronic acid in in vivo CAR T cell reprogramming for cancer
p catla immunotherapy. Nanoscale. 2022 Dec 15;14(48):17821-17840.




Gene delivery: Targeting gene insertion

IVAVAVAVA S
Expression plasmi Recombinant

Transposon plasmid

AR

Donor DNA

P

Transposon minicircle

TIR =

Target DNA

mRANA

\ /
9@
o0

protein

— IR -

}
l

GOl

Forms of SB
transposase
delivery

Transposon
recognition &
excision from

donor DNA

Transposon
integration
into target

DNA

- PBMC
Cell type . pyrified T cells
CIK cells
Cord blood

Pre-activation
CD3/CD28 Ab

= OKT3

= Cytokines

= No activation

Electroporator - Device _ - Glucose
EP condition - Voltage, Pulse, Duration - Amino Acid
- Buffer T cell medium - Serum

= Supplement

= /ID "

v

e/

Transpeso Post-activation oKl
i L Antibod : :ti
- Original or H ctive f - Antibody -
e O ESesa = K562-derived feeder = IL-15
= PBMC-derived feeder - IL-21

Yagyu, S., Nakazawa, Y. piggyBac-transposon-mediated CAR-T cells for the treatment
of hematological and solid malignancies. Int J Clin Oncol 28, 736-747 (2023).

Objectives:

* Non-viral gene integrating delivery

* Insertional mutagenesis




CAR development: New CAR

. _ 4" generation
1'generation 2" generation 3 generation (TRUCKS/armoured CARs) 5" generation
| i i
scFv PM '-m PLU PMJ l{:

...............................................................................................................

CD3-¢ CD28/ ) CD28/ CD28/
]ITAM @ 4-1BB 8 4-1BB 4-1BB
\ PI3K, GRB2 4-1BB ﬂ IL- 2RB
Zg;io ’J and GADs
| NFAT | STAT3
- SRC ( JAK
{\‘-\ki’na'se /) IL-2 production '
and T cell
activation
IL-12 production cell p;ogfet;atlon
and immune cells p:rrlsist:n:a
recruitment g CE— - y

—
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Manufacturing: Time and cost reduction

a COOH
COOH
: : : i \ﬁp. ,
Conventional CAR-T cell generation MASTER CAR-T cell generation Seitdohoishs ) G i
OH 4 . avern: 1 cast, freeze, lyophilize
14+-day procedure <1-day procedure gl
Azide-modified MASTER scaffold
alginate
B Top view 100x 004 _ Top vlew 250:( 002
= Harvest,
) transport Harvest
Transport, . cells Tcels -~ - .
infuse cells ‘ ] ® . S e L ®
. o? g
18 5 40
/ K
< g 1 ‘ 0 05 1 2 4
‘é ‘ Yo Im Iant Connectivity Antibody (ug mg ™' alginate)
$éy % o A
. ‘ scaffold -~ 4 Y v
Yo . , -
2‘ ] s N
‘ : . 2 =
Expand Actlvate s/ " : s
Ce"S Ce"S ® Y ° - .' '& Cultﬁvefor Isolate Flow analysis E 10
s 72 hours o 2
o, 3 T | T
’ .
Transduce cells Combme ceIIs, virus, scaffold o — - ol ars eve mn
eed PBMCs \d& & > &
+ retravirus $ &Q,\ é\o Q’/@
'5‘(’6 \<~°° (*\c-él &«

Agarwalla, P., Ogunnaike, E.A., Ahn, S. et al. Bioinstructive implantable scaffolds for rapid
in vivo manufacture and release of CAR-T cells. Nat Biotechnol 40, 1250-1258 (2022).



Recap Ruture of IECs

 Emerging Field: IEC therapies are rapidly advancing in cancer
treatment, with numerous innovative products currently under
development.

* Key Focus Areas: Efforts are directed toward improving safety and
quality, while also prioritizing the development of off-the-shelf
products and advancing manufacturing technologies.

* Regulatory Evolution: Regulatory frameworks must remain
adaptable to accommodate novel products and evolving industry
standards.




Contact:
Chavee Laomeephol

Department of Biochemistry and
Microbiology, Faculty of
Pharmaceutical Sciences,
Chulalongkorn University

Email: Chavee.L@chula.ac.th
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