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e Manufacturing process and controls Cells

e Starting materials o080

e Autologous cells

e Potency testing
e CAR-T specific considerations
e Current developments

When the body recognizes tumor cells as
foreign, a natural immune response arises
to attack them. Unfortunately. tumors have
ways to evade immune surveillance
sysiems and antitumor responses are ofien
too weak to defeat the disease. Rather
than relying on the body’s natural
response, scientists can now manipulate a
patient's own immune cells so that they
latch on to tumor cells by recognizing
specific proteins on their surface. A type of
immune cell that has been explored for this
purpose is the killer (cytotoxic) T cell

mmed to recognize an which eliminates cells infected by viruses
ind mount an attack on that damaged cells, and tumor cells.

Cytotoxic T celis (biue) can be g
antigenic marker (e.g., CD19)ona
cell
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CAR T-cells

e Engineered (autologous) T-cell
immunotherapy product

e Gene therapy (ATMP)

e Aimed to recognise specific target on
patient/ recipient cells

e (Potential) Game Changer in treatment of
(soluble) tumours
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CAR-T treatment of B-Cell Lymphoma

DLBCL* and PMBCL* Patients:

» Clinically relevant efficacy

« Significant duration

High incidence Adverse Drug Reactions
« Cytokine Release syndrome (CRS)

* Neurological adverse events

» Cytopenias (due to conditioning)

e CRS: Need to have Toculizumab
(anti-IL6mADb) available

*DLBCL: diffuse large b cell lymphoma;
*PBCL: Polymorphic b cell lymphoma
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c B G Overview CAR-T manufacturing
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c B G Overview CAR-T manufacturing

Starting materials:

|« Data (manufacturing & control) same as

//‘ | required for drug substance
, « Manufactured according to (principles of) GMP

5. Treatment: The CAR T

& 2.
/A /J L % <— Apheresis: PBMCs

| Tele | e y (Peripheral blood mononuclear cells)
receives chemotherapy to and destroy cancer cells.

lower their white blood cell
numbers and make room for

4. Preparation: The patient they proliferate and detect
the incoming CAR T cells.

&

\
Cancer c/ell 2. Reprogramming: In
. the approved CAR-T
therapies, a viral vector
delivers a gene encoding
a chimeric antigen
receptor, or CAR, into
the T cells.

[ .
3. Multiplication: The Tcell 4-——“:—2/« VI ra I Ve CtO r

engineered cells, now Viral

known as CAR T cells, are
multiplied in a bioreactor. / vector
CAR
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Satyanarayana, Chem. Engin. News. October 1, 2018
Hoefnagel, CASSS-NL / March 2022


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiCo-r71bHkAhUGJVAKHYRQDO8QjRx6BAgBEAQ&url=https%3A%2F%2Fcen.acs.org%2Fbiological-chemistry%2FFrances-H-Arnold-George-P-Smith-and-Gregory-P-Winter-share-2018-Nobel-Prize-in-Chemistry%2F96%2Fweb%2F2018%2F10&psig=AOvVaw22cFZP-rvt4nO-Z7uEPCco&ust=1567497607554854

CELL EXPANSION
A\ Fas
______ — I 2
i = —
i - § - (@ > -
 — —4]
Working cell bank Vial T225 Flask 2-Layer cell factory 10-Layer cell factory

EI C_—_; .®  ETLo18 %
o9 s L] 'DO co P GagPol
‘ ,__H@/_J ‘ ‘ x_\%; h 8] o « o P [Red
ey n

)
by
Ty

¥

+ -
[]
LTI L

o
P Enfv
Benzonase® Clarified Normal (2x) Crude Medium Transient
endonuclease vector flow filtration vector harvest exchange transfection »
treatment, pool o
L]
'.-|Irlllllll RENARRARNURRRRRRNARUNURRUNRRRURRREY] (RARRRRRRRRRNY (AR RRRRRUNRRERRREN |‘l“

‘..

: * * 60 * o &
: (S | *
", n <7
'..’ Chromatography Ultra/diafiltration Final formulation Drug substance Heold = -70°C
ASEPTIC PROCESSING - 1 DAY - "'e,
; - .
— | r_,fﬂf N! :
1 * 4 * * « Jn | :
- | Kl E
Labeling/packaging Wial fill Litrafiltration Sterile filtration  Pooled drug substance  +°

Hoefnagel, CASSS-NL

Viral Vector manufacturing

Third generation Lentiviral vector
4 plasmids (starting material;
principles of GMP)

Transfer

met cDNAorshRNA 4 LTR
Plasmid

CMv

Packaging
Plasmids

Envelope
Plasmid

VSV-G

CMV

www.addgene.org/quides/lentivirus

Levine et al. 2017. Global
Manufacturing of CAR T Cell
TherapyDOI:https://doi.org/10.1
016/j.omtm.2016.12.006
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L
Viral Vector release specifications

Test | Method

Appearance Visual Inspection

Identity e.qg. RT-PCR

Titer Number Viral particles/volume
Infectivity Infectivity (Suitable cells)
Potency CAR-expression

Replication Competent Virus (RCV) Virus replication in suitable cells

In vitro viral testing 14d in vitro assay for viral
contaminants

Microbial safety Sterility and Mycoplasma

Endotoxin

Note: Viral vector is a starting material
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Starting material PBMCs

(Enriched) PBMCs
Apheresis centre: JACIE approved

Compliance with Directives
2002/98/EC, 2004/23/EC

Standard apheresis equipment

If production starts at Apheresis
centre: GMP required

Sometimes Several apheresis sites for
one product
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e B G Manufacturing process Drug Substance
T-Cell selection and specific activation
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Manufacturing process Drug Substance
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Transduction efficiency:
autologous cell batches varying
in size/quality

Mol (multiplicity of Infection =
Virus:cells ratio)

How to set control ranges during
manufacturing?

Patient material to validate
process and stability?

Control critical reagents
Raw materials (Ph.Eur. 5.2.12)

Viral safety reagents (HSA, AB-
serum)

GMP for ATMP
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Drug Product release specifications

Test _ |Method

Appearance Visual Inspection

Dose (Viable; CAR™ cells) e.g. FACS

Viability e.g. Cell staining

Potency e.g. IFN-gamma production
Anti-Target CAR expression % CART™ cells (FACS)
Vector Copy Number e.g. RT-PCR

Purity % CD3" cells (FACS)
(Specific composition; (Ratio CD4*:CD8*

subpopulations; Characterisation) e.g. Effector or Memory T-cells)

Process-related impurities
Endotoxin

Note: Release testing prior to Cryopreservation
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Potency test and.....
Relation Clinical response

---- < |:e.g. — IFN-y Coculture
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I Mon-responders (NR) . Responders (R)
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CASS Bioassay 2015]| Erik Rutjens Rossi et al. Blood. 2018;132(8):804-814

Hoefnagel, CASSS-NL 14 March 2022



Potency test and.....

Relation Clinical response (2)
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CAR-T specifics

e Autologous product
e Variability (e.g. cell numbers/populations/potency)

e Release of O0OS batches (GMP for ATMP)

e Q&A on use OOS batches of authorised ATMP
(EMA/CAT/224381/2019)

e Under exceptional circumstances (Sect. 11.5 GMP for ATMP) the
administration of OOS cell/tissue-based ATMP may be considered
to avoid immediate significant hazard to patient

e Inform treating physician, patient, Competent authorities, EMA

e Evaluate risk (No time to generate new batch; any effect of batch Caleder Reinfusion
may be beneficial) A5

e Import testing into EU (incl. Potency testing)

Hoefnagel, CASSS-NL 16 March 2022



c B G

CAR-T specifics (2)

Limited material for testing
Short in-use shelf life
Cryopreservation
Reconstitution

(Bed-side) preparation (sterility) Collection Reinfusion
Needle-to-Needle time
Transport

Decentralised manufacturing
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Automated systems .ﬁg‘;:. )
e Allows standardised decentralised production? ﬁul
e Hospital manufacturing? . __
e No cryopreservation needed (better yield)
e No transport - + - QA Clinimacs Prodigy®

semi-automated platform
e Shorter Needle-to Needle time

e Standardisation different sites & Central QP?

Cocoon®
automated platform
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c B G Developments

« Enhance specificity Tandem CAR || Universal CAR CAR BITE [
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CAR-T Summary

e High clinical benefit

e Manufacturing:
e Vector (principles of GMP)
e PBMC Apheresis (CTD; part of manufacturing?)
e Transduced cells

e Autologous, Variability Callection refision
e Release of OOS batches :
e Needle-to-Needle time
e Developing field

Processing Cryopreservation
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