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Practical Application of
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs

Course Outline

1. Quick Overview of ATMPs (CGTPs)

v Critical terminology landscape (e.g., CAT, OTAT, RMAT)

v Diversity of ATMPs challenge the application of GMPs and Quality
2. ATMP GMPs and Quality Risk Consequences

v Necessity of a risk-based approach
v Limitations of adapting from guidelines for rproteins and mAbs

3. ATMP GMPs and Quality Specific Guidelines During
Clinical Development
v EMA/FDA

v PDA and industry practice Goal

not just give a list of what to do or not to do,
but how to approach/think about what to do,
for these diverse type of medicinal products!




Who is John Geigert, Ph.D., RAC?

|
“If you are humble, nothing will touch you, neither praise
nor disgrace, because you know what you are™

Mother Teresa, Missionaries of Charity in Calcutta India, 1910-1997
D

= 40+ years experience in Chemistry, Manufacturing & Control (CMC)
strategies for the clinical development and commercialization of
biopharmaceutical recombinant proteins and monoclonal antibodies

= Senior CMC Expert and Vice President Quality in the industry
(IDEC Pharmaceuticals, Immunex)

» |mmediate Past Chair PDA Biopharmaceutical Advisory Board

» 15+ years as a CMC regulatory consultant to the biopharmaceutical
industry: recombinant proteins, monoclonal antibodies, biosimilars,
cellular and gene therapy (ATMP) medicines

Who are you?

* My nameis .... And | work for....
= My experience with ATMPs is ....
* My interest in taking this course is ....




What a difference a year has made for ATMPS!
(since course taught last June at this conference)

2017/2018 market approved

» Kymriah (cancer treatment CAR T-cell gene therapy) FDA/EMA
» Yescarta (cancer treatment CAR T-cell gene therapy) FDA/EMA
» Luxturna (vision restoration gene therapy virus) FDA/EMA

O

EUROPEAN MEDICINES AGENCY

CIENC MEDICINES HEALTH

To eliminate blood
transfusions due to
severe anemia

2018/2019

autologous CD34+ cell enriched population that contains hematopoietic stem cells transduced
with lentiglobin BB305 lentiviral vector encoding the beta-A-T87Q-globin gene
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ATMPs becoming a
game-changer in
the industry

~$12 billion

~$5 billion

~$1 billion



Practical Application of

Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs

1. Quick Overview of ATMPs (CGTPs)

v' Critical terminology landscape for
these products

— ATMP, CAT, CGTP, OTAT, RMAT, ...

v Diversity of ATMPs challenge the
application of GMPs and Quality






| WAVES 1, 2 and 3

DNA RNA

%3..

transcription

' =2
). .y
. &

[

Protein

translation
e ———

+ reverse
transcription

‘ Qr&pﬁca tion

Foreign DNA inserted into a living
microorganism (e.g., E. coli, CHO)
that can then produce the
specific protein/mAb

Recombinant protein/mAb
isolated, purified, formulated

for human administration




The biopharmaceutical industry has experienced
3 ‘waves” of new product types in the past 30 years

ALL non-living proteins

(1)

(2)

(3)

1980

Recombinant Proteins (140+)
fusion proteins (Fc), PEG

Monoclonal Antibodies (100+)
ADCs, bispecific

Biosimilars (30+) >

1990 2000 2010 2020



| WAVE 4

DMNA RNA Protein

transcription translation
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Q o Patient’s human cells produce
FEpasan the desired gene product — ‘cure”

Transfer of new genetic capability into or
manipulation of existing genetic capability in
living human cells

(ongoing debate about the amplitude of this upcoming 4" wave)
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SCIENCE MEDICINES HEALTH]|

— 1

Regulatory authority consensus:
EUROPEAN MEDICINES AGENCY ‘a big wave™’

Over 200 medicines under clinical development
have been designated as ATMPs

Scientific recommendations on advanced
therapy classifications

a7
61 60
Annual Report 2017 e
published May 2018
25 29 31
23
i

2013 2014 2015 2016 2017

M submitted requests for ATMP classification
| Adopted recommendations

Atotal of 49 recommendations were adopted in 2017,
43% less than in 2016. The number of requests for
ATMP classification was also lower in 2017 - 46 requests
compared to 60 in 2016. The 2017 fiqures represent the
return to trend, following an increase in 2015 and 2016,

This increase was due to the decision of one Member State
(Poland) to recommend to all academics developing cell-

based products to apply for ATMP classification (prior to
them starting any clinical trial).
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Statement from FDA Commissioner Scott Gottlieb, M.D. and
Peter Marks, M.D., Ph.D., Director of the Center for Biologics Evaluation and Research
o new policies to advance development of safe and effective cell and gene therapies
" January 13, 2019

Assessing the current pipeline and trends in incoming INDs, FDA views this as an inflection point in

cell and gene therapy technology and innovation. As such, FDA attempts to project the volume of

cell-based or directly administered gene therapy products in development and gaining approval in
coming years:

v\ Currently 800+ active INDs
» JAnticipale receipt of 200+ new INDs per year by 2020

vJ Predict approval of 10-12 cell and gene therapy products per year by 2025

Drawing an analogy to the platforms for humanizing antibodies that accelerated the mainstreaming
of human monoclonal antibody drugs in the late 1990's, FDA credits the advent of safe and effective

vectors (e.g., AAV veclors) for the delivery of gene therapy products as enabling this progress.

To accommodate these increases, CBER is expanding its review group dedicated fo reviewing these
applications, with the hope of adding about 50 additional clinical reviewers to the CBER Office of
Tissues and Advanced Therapies (OTAT).

12



Critical ATMP Terminology Landscape

European Medicines Agency (EMA)
ADVANCED THERAPY MEDICINAL PRODUCT (ATMP)

COMMITTEE ON ADVANCED THERAPIES (CAT)

U.S. Food and Drug Administration (FDA)
ANALOGOUS BIOLOGICAL PRODUCT
CELLULAR AND GENE THERAPY PRODUCT (CGTP)

OFFICE OF TISSUES AND ADVANCED THERAPIES (OTAT)
REGENERATIVE MEDICINE ADVANCED THERAPY (RMAT) DESIGNATION

13



| European Medicines Agency (EMA)

Advanced Therapy Medicinal Products
(ATMPs)
Regulation (EC) No 1394/2007

(legal definition of ATMPS)
(member state — hospital exemption)

Committee for Advanced Therapies (CAT)

classification, review of ATMPS

14



ATMPs are ...
(1) Gene Therapy Medicinal Products

(a) contains an active substance which contains or consists of a
recombinant nucleic acid used in or administered to human
beings with a view to regulating, repairing, replacing, adding or
deleting a genetic seguence;

AND

(b) its therapeutic, prophylactic or diagnostic effect relates directly to

the recombinant nucleic acid sequence it contains, or to the
product of genetic expression of this sequence

‘vaccines against infectious diseases” - excluded

15



UniCure YouTube

Video

16



Living virus (gene replacement) — in vivo

Spark Therapeutics LUXTERNA
adeno-associated virus vector (with RPEGS5 gene)
to treat vision loss FDA/EMA approved 2017/2018

394-065-01 |
Oretigene nepar’
; For subretin?!
xigr

vector ‘
h&) singledosa vidh o
%mﬁ%@nﬁw
Sufactured by

%k Therapeutics, I
?k%nse Ro. 2056
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RPEGS gene produces a protein necessary in the cycle for vision

Rod and Cone
Photoreceptor
Cells

Retinal
Pigment
Epithelium
(RPE) Cells

Visual Cycle
Light

U

all-trans-retinal
RDH12/8
ABCA4

all-trans-retinol

retinyl ester

¥

In absence of RPEGS, the visual cycle is broken,

and vision loss results

Direct injection of live virus into eye to replace defective gene

18




Living genetically engineered cells — ex vivo

Novartis KYMRIAH
Gilead/Kite YESCARTA
Autologous genetically modified (CAR — chimeric antigen receptor)
T cells to treat acute lymphoblastic leukemia (ALL)
FDA/EMA approved 2017/2018

tisagenlecleucel omnr.ceiis axony

Suspension for IV infusion

J KYMRIAH" 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°10 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% (w/v) of 10% Dextran 40 (LMD)/5% Dextrose
and 7.5% (v/v) DM50 o

Store at < -120°C; vapor phase of liquid nitrogen Dg’g%f“ ot g%ou

Properly identify intended recipient and product bt

Do not use leukocyle 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 PP Mater 23456 For Novarts use only
US. License # 1244 KYMRIAH.com FP Materal NO.Z1Z3455 e 1orasson
1-844-4KYMRIAH (1-844-459-6742) @ @
() NOVARTIS 5004685 © Novartis 0 1 : g

19



CLE YESCARTA
it y |

5LTR.  acfy O3 3'LTR
CAR vector construct

Viral wvector

Target binding domain:
antibody derived {scFv)

\ new gene produces a protein
Hinge that binds to CD19

Tumior cell

Costimulatory
domain: CD28

:'
'

Essential activating
domain: CO3(

patient’s T-cell

Cytolytic activity
Cytokindrelease
Eroliferation

CAR-engineered
T call




ATMPs are ...
(2) Somatic Cell Therapy Medicinal Products

(a) contains or consists of cells that have been subject to substantial

(0)

manipulation so that biological characteristics, physiological
functions or structural properties relevant for the intended clinical use

have been altered, FDA: ‘more than minimal manipulation”

OR

of cells that are not intended to be used for the same essential
function(s) in the recipient and the donor;
FDA: ‘not for homologous use”

AND

is presented as having properties for, or is used in or administered
to human beings with a view to treating, preventing or diagnosing a

disease through the pharmacological, immunological or
metabolic action of its cells

21



Reflection paper on classification of advanced therapy 21 May 2015
medicinal pFOdUCtS EMA/CAT/285241/2010 rev.1

“Substantial Manipulation”is ...

The cells or tissues are manipulated during the
manufacturing process so that their biological characteristics,

physiological functions or structural properties are
modified to be relevant for their intended function e.g.,

- Cell expansion by cell culturing
- Differentiation/activation with growth factors
- Enzymatic digestion of tissue to release cells

‘Not Substantial Manipulation” is ...

- cutting - irradiation

- grinding - cell separation
- shaping - concentration
- centrifugation - freezing

- sterilization - cryopreservation



ATMPs are ...
(3) Tissue Engineered Products

b)

tissues that have been subject to substantial manipulation, so
that biological characteristics, physiological functions or structural
properties relevant for the intended regeneration, repair or
replacement are achieved

OR

tissues that are not intended to be used for the same

essential function or functions in the recipient as in the donor

‘tissues that are exclusively non-viable are excluded”

23



| U.S. Food and Drug Administration (FDA)

Cellular and Gene Therapy Products
(CGTPs)

Office of Tissues and Advanced Therapies
(OTAT, with CBER)

Public Health Service (PHS) Act 1944
(biological product legal definitions)

Regenerative Medicine Advanced Therapy
(RMAT designation)

24



Public Health Service (PHS) Act 1944
(last revision 2009)

“Biological product is a virus, therapeutic serum, toxin,
antitoxin, vaccine, blood, blood component or derivative,
allergenic product, protein (except any chemically
synthesized polypeptide), or analogous product. . .
applicable to the prevention, treatment, or cure of a
disease or condition of human beings™

Gene-based (if from a biological origin) and cell-based
medicines are under the category of “analogous products”

chemically synthesized DNA or RNA products are chemical
drugs — Alnylam’s Onpattro [small-interfering (si) ds RNA, lipid]

25



Regenerative Medicine Advanced Therapy (RMAT)
“a cell therapy, therapeutic tissue engineering product, human cell and tissue
product, or any combination product using such therapies/products™

(what's in, what's out — still under debate)

Overlapping Interests/Impacts in an Emerging Field

Tissue
Engineered

PRODUCTS REGENERATIVE

MEDICINE

Cell-based
PRODUCTS

Tissue
Chips

Cell

Foundaries
First-

generation CAR-T
treatments immunotherapy

N




Regenerative Medicine Advanced Therapy (RMAT) Designation

Breakthrough T Regenerative Medicine Advanced
Therapy Designation Therapy Designation
Statute Section 306(a) of the FD&C Act, as added Section 306(g) of the FD&C Act, as added by
by section 902 of the Food and Drug section 3033 of the 21* Century Cures Act
Admimstranion Safety and Innovation Act of
2012 (FDASIA)
Qualifving A dmg that 15 intended to treat a senous A drug 15 a regenerative medicine therapy, AND
criteria condihon, AND the drug 15 intended to treat, modify, reverse, or
relmunary chinical evidence indicates that | cure a senous condihon, AND
the drur mavy demonstrate substantial prelimunary chimical evidence indicates that the
mmprovement on a clmeally sigmficant dimz has the potential to address unmet medical
endpomnt(z) over avallable therapies needs for such disease or condihion
Features ¢ All fast track designation features, # All breakthrough therapy designation features,
mncluding: including early interactions to discuss any
«  Actions to expedite development and potenfial swrogate or intermediate endpoints
review ® Statute addresses potental ways to support
»  Rolling review accelerated approval and satisfy post-approval
# Intensive pudance on efficient drug requirements
development. beginming as early as Phase 1
: : S Expedited Programs for Regenerative
® Orgamirzational commutment mnvohang . ; . o aues
) Medicine Therapies for Serious Conditions
SeMIOT MANAZErs
When to With the IND or after and, 1deallv, no later than the end-of-phase 2 meeting
submat
FDA Within 60 calendar days after receipt of request Center for Biologics Emlumiuu_ and Research []
November 2017
response
Dezsignation | Designation may be rescinded later in product development 1f the product no longer meets the
Rezcizsion designation-specific qualifying cntena 7




CONFUSEDY!

analogous
product

substantial more than minimal
manipulation manipulation

? QUESTIONS ?

28



Practical Application of

Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs

2. ATMP GMPs and Quality Risk Consequences
v Necessity of a risk-based approach

v Limitations of adapting from guidelines for
recombinant proteins and monoclonal
antibodies (mAbs)

29



GMPs and Quality — necessary to protect the patient!
| (facility, process, product, staff — “doing what is right™)

Unsafe or poor guality
medicines can harm patients

Patients cannot check the
guality of their medicines

Patients expect their
medicines to be safe and
efficacious at time of use



GMPs and Quality — rnsk-based approach
(needs to be practical and common sense)

» A risk-based approach focuses the process and product
development on aspects that, directly or indirectly, may affect
the safety and efficacy of the product

» A risk-based approach does not mean doing less to ensure
safety and efficacy but doing the right amount at the right time
based on the understanding of the risks to product quality and
patient safety

» A risk-based approach attempts to avoid non-value-added
activities and focuses efforts on critical activities

» Thus, a risk-based development plan actually enhances safety
in early clinical study phases, even when product
understanding and resources may be limited

(also referred to as ‘Graded Phase-Appropriate” approach)

31



Availability of regulatory guidance
on CMC and/or GMPs

Available regulatory guidance

on CMC and/or GMPs

RISK-BASE APPROACH

Adapt from existing
regulatory guidances

’ But, must factor in

significant differences
between proteins and cells

Recombinant Proteins
Monoclonal Antibodies

32



GMPs & Quality
Difference in Risks

C ) Recombinant ATMPs
omparison Proteins & mAbs (CGTPs)
Product Non-living medicine Living medicine
Type (proteins) (virus and/or cells)

33



GMPs & Quality Different Risks — Due to Type of Product

» Viruses and cells must be kept alive! 24/7 [Not proteins]

» Very high threat of adventitious agent (e.g., virus, mycoplasma,
microbes) contamination due to so many manual manipulations
and inability of filtration!

[Proteiin processes are more automated,
and product can be sterile filtered]

» “Cell therapy products have unigue complexities due to the
dynamic nature of living cells. For example, cells may present a
variety of molecules on their membranes and express a variety of
factors. These molecules and factors may be affected by the
microenvironment and change over time.”

Considerations for the Design of Early-Phase Clinical Trials of ¢ [ nd Human Services
Cellular and Gene Therapy Products Food and Drug Administration

Center for Biologics Evaluation and Research

June 2015 34



While protein-based biopharmaceuticals are complex,
they are no where as complex as living cells!

non-living medicine
~2 M Size

single protein
(possible 2 or 3 functional activities)

. rough
ribosome  endoplasmic
: reticulum

mitochondrion,
plasma

membranes

cytoplasm
microtubules by
{part of cytoskeleton)

nucleus

smc-c-th'- e ¥ nucleolus
endoplasmic . ¥ . chromatin
reticulumn - . nuclear pore

3 . nuclear envelope

free ribosome \ :
, Golgl complex

centriole

living medicine

~10 pm size

18K+ functionally active genes (proteins)
(nott kmown how they interact) 35



GMPs & Quality
Difference in Risks

C ) Recombinant ATMPs
bl i Proteins & mAbs (CGTPSs)
Non-living medicine Living medicine
Product Type (proteins) (virus and/or cells)
Link to Clinician Batch independent of a’?"f? @ependem upon
and Patient specific patients clinician and patient
(traceability)

Pressure on None, as long as Patient could die

Manufacturing

adequate inventory

if batch not available

36



GMPs & Quality Different Risks — Link to Clinician/Patient
Timing, traceability and manufacturing success — ALL critical to the patient!

o Modified T-cell infusion

[
o

o Chemotherapy |

T14

Antibody-coated
beads

ol ® =
o |/ Eead remnvai
e T-cell activation/ L ( .
e transduction® S I'eﬂ;tll:tgrf‘tsqtag-cell
l =]
R o N
b A
Genetically \EJ‘\ iﬁ ! J
engineered virus - =

=] to add a gene to [vo=wansion are conducted = » -
the human cells 1 cell manipulations every other day

N () NOVARTIS




GMPs & Quality
Difference in Risks

C ) Recombinant ATMPs
ompanson Proteins & mAbs (CGTPs)
Non-living medicine Living medicine
Product Type (proteins) (virus and/or cells)
Link to Clinician Batch independent at_d_w_: a_:_ilep sndent upon
and Patient of specific patients clinician am_li pairvem
(traceability)
Pressure on None, as long as Patient could die
Manufacturing adeguate inventory if batch not available
Manufactured 1 batch serves 1 batch serves
Batch Size 100"s or more patients 1 patient
Batch All released batches Wrong batch
Inventory comparable can kill patient

38



GMPs & Quality Different Risks —

1) Recombinant Proteins &
Monoclonal Antibodies

2) Gene Therapy DNA/RNA
Plasmids, Genetically-
Engineered Viruses

3) Allogeneic Cells

4) Autologous Cellular Therapy
(significantly manipulated)

5) Autologous Gene Therapy
Cell-Based Medicines

Specificity of Product Batch

1 batch =
100"s or more
patient doses

1 batch =
1 patient dose

(challenge to control all sources of variability
when each batch is a different ‘product”)

39



The new ATMP manufacturing facility
has more of a “‘research lab feel”

o

Cell therapy manufacture




PSnmsunig

SAMSUNG BIOLOGICS



Need more patient cell batches — scale out!

Multiple suites and workstations
with dedicated equipment

Off the shelf, bench top
equipment

BSC for aseptic manipulations

Modular approach

"Scale out” opposed to "Scale

n

up’



GMPs & Quality
Difference in Risks

§ Recombinant ATMPs
Comparison Proteins & mAbs (CGTPs)
Product Type Non-living medicines Living medicines

Link to Clinician

Batch independent

Batch dependent upon
clinician and patient

and Patient of specific patients (traceability)
Pressure on None, as long as Patient could die
Manufacturing adequate inventory if batch not available
Manufactured 1 batch serves 1 batch serves
Batch Size 100’s or more patients 1 patient
Batch All released batches Wrong batch
Inventory comparable can kill patient
Product Extensive analytical Limited
Characterization and bioassay tools
QC Testing Adequate samples and Limited samples; urgency
test methods available to complete testing
QA Batch Completed prior Decision within
Disposition to batch release ‘patient window”

43



GMPs & Quality Different Risks — Pressure on the Quality Unit

— Majority of QC test methods use
complex technologies (flow cytometry,
gPCR, cell-based bioassays)

— Restrictions of test samples (matrix
interference, patient variability)

— Restrictions on test methods (limited
sample volume, rapid methods)

— QA systems to release batch within
days (not months — proteins)
(CAPA, batch record closeout,

CofA completion)




GMPs & Quality
Difference in Risks

Comparison Recombinant ATMPs
P Proteins & mAbs (CGTPs)
Product Type Non-living medicines Living medicines

Link to Clinician
and Patient

Batch independent
of specific patients

Batch dependent upon
clinician and patient
(traceability)

Pressure on

None, as long as

Patient could die

Manufacturing adequate inventory if batch not available
Manufactured 1 batch serves 1 batch serves
Batch Size 100"s or more patients 1 patient
Batch All released batches Wrong batch
Inventory comparable can kill patient
Product Extensive analytical L imited
Characterization and bioassay tools
QC Testing Adeguate sample; and test Limited samples; urgency to
methods available complete testing
QA Batch Completed prior Decision within
Disposition to batch release ‘patient window’
GMP Safety Must follow GMPs, from FIH onwards

45



GMPs & Quality Different Risks — Patient Safety for FIHY

Take GMPs seriously during clinical development!
National Institutes of Health (N/H) in violation of GMPSs!

From May 19. 2015 to May 29. 2015, U.S. Food and Drug Admumistration (FDA) mvestigators
inspected the NIH Clinical Center Pharmacy Department, Building 10. 10 Center Drive,
Bethesda, MD 20892. We inspected the following areas:

o the Pharmaceutical Development Section (PDS). where you produced drugs for Phase 1 and
Phase 2 clinical trials

e the Intravenous Admixture Unit (IVAU). where you produce sterile drugs for administration
to patients at the NIH Clinical Center.

In the PDS. our investigators observed significant violations of current good manufacturing
practice (CGMP) requirements for finished pharmaceuticals, causing your drug products to be
adulterated within the meanimg of section 501(a)(2)(B) of the Federal Food. Drug, and Cosmetic
Act (FD&C Act). 21 US.C. 351(a)(2)(B).

ﬁ
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FDA Warning Letter to thhe NIH

| GMP violations at Clinical Phases 1 and 2

L

. Xou failed to establish a quality control unit with the responsibility and authority to approve
or reject all components, drug product containers, closures, in-process materials, packaging
material, labeling. and drug products. 21 CFR 211.22(a).

You failed to establish and follow appropriate written procedures that are designed to prevent
microbiological contamination of drug products purporting to be sterile, and that include
validation of all aseptic and sterilization processes. 21 CFR 211.113(b).

Nou failed to perform operations within specifically defined areas of adequate size and to
have separate or defined areas or such other control systems for aseptic processing necessary
to prevent contamination or nux-ups. 21 CFR 211.42(c)(10).

You failed to have facilities used in the manufacture, process, packaging and holding of diug
products of appropriate construction to facilitate cleaning. maintenance. and proper
operations. 21 CFR 211.42(a).

You failed to thoroughly investigate any unexplained discrepancy or failure of a batch or any
of its components to meet any of its specifications, whether or not the batch has already been
distributed. 21 CFR 211.192.

You failed to establish an adequate system for monitoring environmental conditions in
aseptic processing areas. 21 CFR 211.42(¢c)(10)(1v).

facial hair.

[ An operator produced drug products intended to be sterile with an exposed wrist and exposed r

47



National Cancer Institute (NCI) facility for gene therapy products
also later found to be in violation of GMPs during the NIH review

Tu-.=.-5.u:|4atxI AEril 19| 2016
Statement on Review of NIH Sterile Production Facilities

In light of serious problems identifiedin the NIH Clinical Center Pharmaceutical
Development Section last year, NIH launched a multifaceted effort to ensure that processes
for patient safety and quality of care at the hospital are of the highest

standards. Accordingly, NIH hired two companies specializing in quality assurance for

manufacturing and compounding — Working Buildings and Clinical I1Q — to evaluate all of its

facilities producing sterile or infused products for administration to research participants.

This_evaluation is underway and preliminary findings have identified facilities not in

compliance with quality and safety standards, and not suitable for the production of sterile

or infused products. As aresult, production has been suspended in two facilities: a National

Cancer Institute labnratng engaged in cell theraez Erﬂductiun and a National Institute of

Mental Health facility producing positron emission tomography (PET) materials.

48



National Cancer Institute (NCI) facility shut down update (2017)!

@) NCI Surgery Branch Cell Processing Laboratory
(Located in CRC 3 West)

" Role: Investigational cell and gene therapy products
* Updated Status:

= Construction/renovations to remediate the space, as well as administrative
efforts (e.g., SOPs, equipment) completed

* Reopened with restricted manufacturing with moderate facility control
* Continual monitoring and reports are being provided

~ April 2016

Facility Closed




Mational Institutes of Health
Bethesda, Maryland 20892

P e
;‘é -/( DEPARTMENT OF HEALTH & HUMAN SERVICES
| C www.nih.gov

|\"' March 27, 2018

Division of Environmental Protection/ORF

| Modem facilities are critical for NIH to perform their mission. The construction of the new
Current Good MﬂnufacturinE Practice (¢cGMP) laboratory unit will allow NIH to create a new
modern facility and help perform its mission.

SCOPE OF THE PROJECT:

The National Cancer Institute (NCI) s in urgent need of a new Tumor Infiltrating L ymphocvtes
(TILs) production facility to serve NCI Surgery Branch at the National Institutes of Health (NIH)
Bethesda Campus. The new program under this project involves design and construction of a

 Current Good Manufacturing Process (¢cGMP) modular facility, This proposed project will
relocate the existing NCI Cell Processing Facility from Building 10 into a new modular cGMP

cell processing facility, external to Building 10, but on the NIH campus premises.

The new proposed facility 1s to provide more ISO controlled space for the NCI Surgery Branch,

enabling a greater throughput of product. The new manufacturing program operated in this.

facility is required to comply more closely with the latest cGMP, CGTP, and Food and Drug
Administration (FDA) requirements and regulations. This facility is required to produce reliable

"TIL doses for safe injection into human subjects in compliance with FDA Regulations and
PEqUECIEMS. GMP lesson learned!




GMPs & Quality for live viruses and cells
are similar yet different than for protein medicines

Challenging to switch a ‘technical mindset™

sometimes can feel like sailing in “uncharted waters”

? QUESTIONS ?
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Practical Application of

Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs

3. ATMP GMPs and Quality Specific
Guidelines During Clinical Development

v EMA/FDA guidelines for the rapidly
developing ATMP field

v" PDA guidance and industry practice

52



Increasing availability of regulatory guidance
on ATMP/CGTP CMC and/or GMPs

Available regulatory guidance
on CMC and/or GMPs

Recombinant Proteins ATMPs
Monoclonal Antibodies CGTPs

93



EMA GMPs and Quality Guidelines for ATMPs

Pre-2018 Guidelines

Human Cell-Based Medicinal Products
Development and Manufacture of Lentiviral Vectors

Xenogeneic Cell-Based Medicinal Products

YV V V VY

Risk-Based Approach According to Annex I, Part IV of Directive
2001/83/EC Applied to Advance Therapy Medicinal Products

Potency Testing of Cell Based Immunotherapy Medicinal Products for
Treatment of Cancer

Y

» Scientific Regquirements for the Environmental Risk Assessment of Gene
Therapy Medicinal Products

** EC Guidelines on Good Manufacturing Practice Specific to Advanced

Therapy Medicinal Products EUROPEAN

—Brussels, 22.11.2017

COMMISSION
C(2017) 7694 final

‘investigational ATMPs”
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2018 - 2019 Guidelines

** Quality, Non-Clinical and Clinical Requirements for lnvestigational
Advanced Therapy Medicinal Products in Clinical Trials

» Quality, Non-Clinical and Clinical Aspects of Gene Therapy Medicinal
Products

» Quality, Non-Clinical and Clinical Aspects of Medicinal Products
Containing Genetically Modified Cells

» Q&A on Comparability for ATMPs (coming soon)
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FDA GMPs and Quality Guidances for Industry for CGTPs

Pre-2018 Guidances

Guidance for FDA Reviewers and Sponsors: Content and Review of
Chemistry, Manufacturing, and Control (CMC) Information for Human
Somatic Cell Therapy Investigational New Drug Applications (IND)

» Recommendations for Microbial Vectors Used for Gene Therapy
» Potency Tests for Cellular and Gene Therapy Products

» Determining the Need For and Content of Environmental Assessments for

Gene Therapies, Vectored Vaccines, and Related Recombinant Viral or
Microbial Products

56



2018 - 2019 Guidances

< Chemistry, Manufacturing & Control (CMC) Information for Human

»

Gene Therapy Investigational New Drug Applications (INDs)

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

Evaluation of Devices Used with Regenerative Medicine Advanced
Therapies

Expedited Programs for Regenerative Medicine Therapies for
Serious Conditions

Standards Development and the Use of Standards in Regulatory
Submissions Reviewed in the Center for Biologics Evaluation and
Research
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Challenge of regulatory authorities to keep pace
with the rapidly developing field of ATMPS

| (numerous vectors, cell types, and cell handling approaches)
ex Vivo  GENETRANSFER  jn Vivo
A
cell line v

\

exEIantatiun

of target cells |

gene | $48
transfer | gE*

cells (autologous, |

I'|
Aﬂgemc, xenogenic)

'.\H III
Afusion H,-
of modified |']l\

. complexed

direct application:

virus / viral vector

non-viral vector:
naked DNA, RNA

e |
i microbial vector

(non)-replicating recombinant
microorganism \i

In progress
» allogeneic cells
ex vivo gene transfer

» gene editing ex vivo
or in vivo (CRISPR,
zine finger nuclease)
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This diversity challenge is well known to regulatory authorities
(makes it difficult to be all comprehensive in any guideline)

Cell-based medicinal products are heterogeneous with regard to the origin and type of the cells and to

|
the complexity of the product. Cells can be of human (aufologous or allogeneic) or animal origin_and

may be self-renewing stem cells, more committed progenitor cells or terminally differentiated cells

exerting a specific defined physiological function. In addition, the cells may also be genetically modified

with newly established genotype/phenotype for the intended therapeutic effect. The cells may be used

alone, associated with biomolecules or other chemical substances or combined with structural
materials that alone might be classified as medical devices (combined advanced therapy medicinal

pl'Dd LJCtS). Guideline on quality, non-clinical and clinical requirements
for investigational advanced therapy medicinal products 31 January 2019
in clinical trials EMA/CAT/B32602/2018

Human gene therapy products are defined as all products that mediate their effects by
transcription or translation of transferred genetic material or by specifically altering host (human)
genetic sequences. Some examples of gene therapy products mclude nucleic acids. genetically
modified microorganisms (e.g.. viruses. bacteria. fungi). engineered site-specific nucleases used
for uman genome editing.” and ex vivo geneticallv modified human cells. Gene therapy
products meet the definition of “biological product™ in section 351(1) of the Public Health
Service (PHS) Act (42 U.S.C. 262(1)) when such products are applicable to the prevention.

treatment. or cure of a disease or condition of human beings.  chemistry, Manufacturing, and Control (CMC) Information for

Food and Drug Administration Human Gene Therapy Investigational New Drug Applications
Center for Biologics Evaluation and Research (INDS)
July 2018

59



Guidance in Developing a Risk-Based GMPs & Quality Strategy
3 Key Elements During Clinical Development

¥) Risk-based provides flexibility — a necessity during
clinical development due to ATMP diversity!

It follows that., in layving down the GMP requirements applicable to ATMPs. it is
necessary to recognise a certain level of flexibility so that the ATMP manufacturer can

implement the measures that are most appropriate having regard to specific
characteristics of the manufacturing process and of the product. This 1s particularly

mnportant in the case of investigational ATMPs. especially in early phases of clinical

trials (phase I and phase I'I[). due to the often incomplete knowledge about the product

(e.g. potency) as well as the evolving nature of the routines (in order to adjust the

manufacturing process to the increased knowledge of the product).

EC Guidelines on Good Manufacturing Practice Specific to Advanced Therapy Medicinal Products
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Guidance in Developing a Risk-Based GMPs & Quality Strategy
3 Key Elements During Clinical Development

1) Risk-based provides flexibility — a necessity during clinical development due
to ATMP diversity!

2) Risk-based must evolve/mature during clinical development
of ATMPs!

Data requirements evolve as development progresses from exploratory to confirmatory clinical trials:

- Quality data compiled in the IMPD are expected to reflect increasing knowledge and experience

during product development. At marketing authorisation it needs to be demonstrated that the

medicinal product can be produced consistently and with reproducible quality. For example,

acceptance criteria for tests parameters/in-process controls, even based on limited data should
be set and they should be reviewed at later stages of development.

Guideline on quality, non-clinical and clinical requirements
for investigational advanced therapy medicinal products 34 555441y 2019
in clinical trials EMA/CAT/852602/2018
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Guidance in Developing a Risk-Based GMPs & Quality Strategy
3 Key Elements During Clinical Development

¥) Risk-based provides flexibility — a necessity during clinical development due
to ATMP diversity!

2) Risk-based must evolve/mature during clinical development of ATMPSY

3) Risk-based focuses on patient-safety!
(identity, traceability, impurities, ...)

‘In deciding on the appropriate measures to address the identified risks,
the priority should be the safety of subjects enrolled in the trial.”

The level of effort and documentation should be commensurate with the level of risk. The application of
a risk-based approach can facilitate compliance but does not obviate the applicant's obligation to
demonstrate the quality and safety of the product to enable the generation of reliable efficacy data. It
likewise does not replace appropriate communications with the authorities.

An immature quality development may compromise the use of the study in the context of a marketing
.
authorisation application {e.g. if the product has not been adequately characterised). A weak gualitz

Guideline on quality, non-clinical and clinical requirements January 2019
for investigational advanced therapy medicinal products EMA/CAT/852602/2018
in clinical trials
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Patient Safety — 8 “basic” GMPs & Quality principles

1)
2)

3)

4)

5)
6)

7)

8)

personnel are adequately trained and there is clear allocation of responsibilities

premises and equipment are suitable for the intended use and that there is
appropriate maintenance thereof

adequate documentation system that ensures that appropriate specifications are laid
down for materials, intermediates, bulk products and the finished product, that the
production process is clearly understood, and that appropriate records are kept

manufacturing process adequate to ensure consistent production (appropriate to the
relevant stage of development), quality of the product, and compliance thereof with
the relevant specifications)

a quality control system which is operationally independent from production
arrangements are in place for the prospective evaluation of planned changes and
their approval prior to implementation

guality defects and process deviations are identified as soon as pessible, the causes
investigated, and appropriate corrective and/or preventive measures are taken

adequate systems are implemented to ensure traceability of the ATMPs and of their
starting and critical raw materials

EC Guidelines on Good Manufacturing Practice Specific to Advanced Therapy Medicinal Products
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Linking IMPD information to patient safety

S ACHIVE SUDS AN . it i e e aaaaas
....... Arp———— R
A U =Y o T = Vot B =
S.3. Characterisalion. ..o e ie et aaaaas
S.4. Control of the active substanCe ... e e eees
S.5. Reference standards or materials ...
S.6. Container closure system ..o e e e
.7, StabIliY e
P Investigational medicinal product......ccooiiiiiiiiiii e
P.1. Description and composition of the investigational medicinal product.
P.2. Pharmaceutical development ... e
P.3. ManuUfacture ... e
P.4. Control of eXCipients .o it e
P.5. Control of the investigational medicinal product ...,
P.6. Reference standards or materials ..o
P.7. Container closure system ..ot
P.8. Stability oo e
A.1l. Facilities and equUipmMent. ..o i e e
A.2. Adventitious agents safety evaluation........oooieviiiii

Guideline on quality, non-clinical and clinical requirements
for investigational advanced therapy medicinal products 34 555441y 2019
in clinical trials EMA/CAT/852602/2018

64



Similarity/Difference
rProteins/mAbs ATMPs
Assembly of the genetically CBP: manipulation for the
engineered cell line target function

Developmental (gene, vector, host cell) GTP: Assembly of the

Genetics genetically engineered
vector (e.g., virus, plasmid)

(brief description) (detailed description)

CBP - cell-based product GTP — gene therapy product

b. Development Genetics

For all vectors, full documentation of the origin where applicable, history and biological characteristics

of the parental virus or bacterium should be provided.

All the genetic elements of the GTIMP should be described including those aimed at therapy, delivery,
control and production and the rationale for their inclusion should be given. For helper virus, the same

level of detail should be provided.

For plasmid DNA, full sequence should be provided.

DNA elements used for selection should be justiﬂed. The presence of antibiotic resistance genes in a
GTIMP finished product should be avoided given the burden of bacterial multi-resistance to antibiotics
and the existence of alternatives methods for selection. If unavoidable a risk analysis should be made.




For viral vectors. vou should mnclude a description of the
composition of the viral capsid and envelope structures. as
appropriate. and any modifications to these structures (e.g..
modifications to antibody binding sites or tropism-changing
elements). We recommend that vou include biophysical
characteristics (e.g.. molecular weight, particle size) and
biochemical characteristics (e.g.. glvcosylation sites). You should
also describe the nature of the genome of viral vectors. whether
single-stranded. double-stranded. or self-complementary., DINA or
RINA. and copy number of genomes per particle.

For bacterial vectors. vou should include defining physical and
biochemucal properties. growth characteristics. genetic markers
(e.g.. auxotrophic or attenuating mutations. antibiotic resistance)
and the location (e.g.. on plasnmud. episome. or chromosome) and
description of any inserted foreign genes and regulatory elements.
For additional details on mucrobial vectors. please see the FDA s
Guidance for Industry “Recommendations for Microbial Vectors
used for Gene Therapy.” dated September 2016 (Ref. 10).

For ex vivo genetically modified cells. you should describe the

expected major and nunor cell populations as well as the vector
that contains the transgene cassette that i1s transferred into the cell.
For cells that have been genetically modified using genome
editing. vou should describe the gene(s) that are altered and how
the change(s) was made (1.e.. the gene editing technology used).

Chemistry, Manufacturing, and Control (CMC) Information for

Why is a Mﬂeﬂ description Human Gene Therapy Investigational New Drug Applications
reVevahlt m pawent Safew’? (INDS) Food and Drug Administration

Center for Biologics Evaluation and Research 66
July 2018



Linking IMPD information to patient safety

S ACHIVE SUD S AN e ittt et ettt et e e e aeeeesssseessnnnensnnssssnnsssnnnnnnns
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S.2. Manufacture...]........
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o _ starting materials
S.4. Control of the active substance..........cccc.... 0.0
S.5. Reference standards or materials...............l oot |
S.6. Container closure system . e
S. 7. SEADI Y e e
P Investigational medicinal product.......ccooiiii e
P.1. Description and composition of the investigational medicinal product.
P.2. Pharmaceutical development ... .o i
N T -1 1) 7= T o1 | = TP
P.4. Control of exXCipients ..o e e
P.5. Control of the investigational medicinal product ..........ccoovviviiiinnns
P.6. Reference standards or materials ...
P.7. Container closure system ... e e e e
P.B.  SLability oo e e
A.1. Facilities and equipment. ...
A.2. Adventitious agents safety evaluation..........cooeiiiiiiiii i,
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Similarity/Difference

rProteins/mAbs ATMPs
Patient Cells
7 Viral Vector
Starting )
Material(s) Master/Working Cell Bank Non-viral Vector
Master Cell Bank

Viral vectors are starting materials, also when used to transduce cells and not remaining in the active
substance. Information on the vector should be provided in the starting material section. The same

|
level of information that is needed for the vector as active substance should be provided in this
situation.

Genome editing tools used ex-vivo to generate genetically modified cells are by analogy also

considered as starting materials.

Also, for in vitro-transcribed (m)RNAs used as active substances, the linearized template plasmid DNA
should be considered as a starting material.

Complexing materials® for formulating the drug substance are considered as starting materials and

have to be qualified for their intended purpose. The level of information to be provided will depend on

nature of the com DIEXI ng m aterial and resultin g DS. ® A substance used to form a complex with DNA which faciltates transfer of that DNA into a cell (for example: calcium

Vw'y is the stavtiing material phasphate, lipids or proteins.)
relevant to patient safety? 68




Autologous Cellular and Gene Therapies
Patient cells as starting materials

— Every patient is different — so every patient is their
own source material (autologous)

— Challenge of obtaining adequate guantity of patient
cells (e.g., small biopsy samples, children-sourced)

— Variation of patient cell types and their concentrations
across medical treatment regime
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Patient cell collection — a contributor to guality variation
case example — CAR T-cells

— Variability in cell type collection (apheresis)

1 Patient blood enters centrifuge
2 Plasma
3 Leukocytes (e.g., T cells)

4 Erythrocytes (red blood cells)
5 Selected components drawn off
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Patient cell collection inconsistency can impact CQAs

Kite's Yescarta for
Lymphoma

Better et al.
Cell and Gene Therapy Insights, 2018

Apheresis Final product

Leukapheresis material CTLO019 final product
100 100
Novartis’ _« °, b _®
. 270 * 'L 70
Kymriah for E 0 o . t'\ %m
PedALL 0 e ' =%
Q 40 ' ' ' Q40
2 30 L) " .{ 230
20 S L' "-_ 20
10 o o g Ly 10
S Mol L ) . Wi FDA ODAC Mesting,
B cells Monocytes  NK cells Teells B cells Monocytes  NK cells T cells July 12, 2017
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Miinimizing heterogeneity of patient cell collection

— Obtained not by GMP training of hospital staff

— Obtained by auditing and educating hospital staff; and then
the company certifying which clinical sites are acceptable

For Yescarta, Kite/Gilead sends it staff to oversee and educate its Suply chain centres, "We aualt the medicl

[aciltes, the apheress and treatment centres, the nurses, the physicians which are going to be using this thercypy. e

h[we EX EnSWE mmmf ﬂrﬂffﬂmmES (1§ WE” Wf h h CELL THERAPY MANUFACTURING & GENE THERAPY CONGRESS

2017

— Manufacturers take the extra step of further cell processing
when received at their site to start with as consistent of the
source material cell type as possible

Allogeneic patient cells can end run the heterogeneity challenge
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Work Problem & Discussion |

What would be some of the risk-based GMP & Quality issues
for these two different genetic transfer vectors (starting materials)?

liral deliueg

transduction

Cenerate recompinant irus via gene cloming cel cltue vins
is0lztion and clon characenzafion,

|

Fepre and pury high ier vl vecors

|

nectcls contaning Ve receptora appvoprate ity
ofnfection (.

Remove virus and/or add fresh mecium,

!
Asay for gene expression or sencing.

ipid defvery using cationi pics

transfection

ONA sifNA oroliganucleotides and transfection reagent
(commercily avaladle are diuted mseparae s

|

DNA 2nd fransfecton reagent combined to form compleses,
Positive charge on cafianic iid binds to phosphete backbane on

nucleic acid

Compleses added to cels. Postive charge on cationic ipkd helps
bind complex to membrane.

|

Compleses enter the cell via endocylosis

|

Assay for gene expression ar sikncing.




Similarity/Difference
rProteins/mAbs ATMPs
Typically adequate Heightened patient safety
§ compendial quality concern due to

Raw:y;ﬂlzt?gah for raw materials raw material quality

Manufacturing Adequate purification limitations of purification
capacity for (especially for cells) for
removal of residuals removal of residuals

Raw materials are the reagents that are used during the manufacturing process but are not part of the

final product. Examples include foetal bovine serum, trypsin, digestion enzymes (e.qg., collagenase,
DNAse), growth factors, cytokines, monoclonal antibodies, antibiotics, resins, cell-separation devices,
and media and media components. Reference to quality standards (e.g. compendial monographs or
manufacturer's in-house specifications) should be made. Information on the quality and control of non-
compendial materials should be provided. Information demonstrating that materials (including
biologically-sourced materials, e.g. media components, monoclonal antibodies, enzymes) are suitable
for their intended use should be provided. While raw materials should be of pharmaceutical gradeF it is

acknowledged that, in some cases, only materials of research grade are available. The risks of using

research grade materials should be understood (including the risks to the continuity of supply when
larger amounts of product are manufactured). Why are raw materials

relevant to patient safety? | 74




non-mandatory recommendations on raw material risk assessments

M ”7’ General Chapter 5.2.12,

European Directorate | Direction européenne Raw materials of biological origin
for the Quality | dela qualité for the production of cell-based and
of Medicines | du médicament gene therapy medicinal products
& HealthCare | & soins de santé

» Sera and serum replacements

» Proteins produced by recombinant DNA technology
» Proteins extracted from biological material

» Vectors

<1043> Ancillary Materials (AMs) for Cell-,

Gene-, and Tissue-Engineered Products

Ancillary Materials: raw materials that come in contact with
the CGTP, but not intended to remain the in final product

Tier 1 (low risk) — — — Tier 4 (high risk)
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Linking IMPD information to patient safety

S.2. Manufacture ... L. S.2.4. Control of critical steps and intermediates

S TNC TR O o F= 1 =Tt =] == 1 (]

S.4. Control of the active substanCe ...
S.5. Reference standards or materials......cccooeviiiiiiic
S.6. Container closure SYSteM . i e e
I A v | 1 1P
P Investigational medicinal product.......cciiviiiiiiii
P.1. Description and composition of the investigational medicinal product.
P.2. Pharmaceutical development ... e
P.3. Manufacture ... J...... P.3.4. Control of critical steps and intermediates |’
P4,  CoNtrol Of eXCiPian s .
P.5. Control of the investigational medicinal product ...l
P.6. Reference standards or materials ..o
P.7. Container closure system .. i
P.8.  SLability oo e
A.1. Facilities and equUipmMent. ... e

A.2. Adventitious agents safety evaluation.......cooiiviiiii
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Similarity/Difference
rProteins/mAbs ATMPs

Standard practice Heavy reliance on
) in the industry single-use components

Pﬁz@% Ready access to Numerous manual

9 0.2 micron filtration manipulations
Manufacturing o

Final product Limitations (for cells) of
filter sterilization final product sterilization

Critical steps in the manufacturing process should be identified as appropriate for the stage of

development and all available data and acceptance criteria should be provided. It is acknowledged that

due to limited data at an early stage of development complete information may not be available.

Where applicable, hold times and storage conditions for process intermediates should be justified and
supported by data, as appropriate. Intermediate cell products are products that can be isolated during
the process; specifications of these products should be established in order to assure the
reproducibility of the process and the consistency of the final product. Tests and acceptance criteria
should be described. Any storage periods during production need to be controlled (e.g. time,
temperature).

Monitoring of in vitro cell culturing at selected stages of the production should be performed where
feasible and the in vitro cell age (population doublings) should be controlled. The culture should be

examined for any microbial contamination.

| Why is the control of the manufacturing process
relevant to patient safety?
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| Work Problem & Discussion

What would be some of the risk-based GMPs & Quality issues
‘ for this ex-vivo CAR T-Cell Gene Therapy Manufacturing Process

Patients undergo leukapheresis to collect their blood mononuclear cells; these are

cryopreserved and shipped to the manufacturing facility using a dedicated courier service
(and stored at < -120°C)

» Each leukapheresss 1s assigned to a dedicated team who only work on a single product
at a tume (see chain of 1dentity i Section 2.4.3)

After thawmg, cells undergo a procedure to remove cells detrimental to CAR transduction
and growth (1.e. monocytes and B-lineage Ivmphoblasts) and to ennich for T cells

T cells are activated ex vivo with anti-CD3/CD28 antibody-coated beads and transduced
with a self-mactivatmg mimmal lentiviral vector containing the anti-CD19 CAR transgene
Transduced T cells are subsequently expanded ex vivo and then washed, formulated. and
cryopreserved

Full release testing 1s completed prior to release of the cryopreserved fmal product. Cells
are then shipped to the chnical site.

Tisagenlecleucel (CTLO19) ~ FDA Advisory Committee Briefing Document

KYMRIAH s 12-Jul-2017 3




GMPs & Quality Potential Risks of CAR T-Cell Gene Therapy Process

(tumor formation, unwanted immunogenicity, treatment failure, toxicity, disease transmission)

Risk Factor

Address by Risk-Based GMPs & Quality

Availability of Starting Materials

(patient cells, virus vector)

Cell Heterogeneity

(unwanted cell types)

Gene Transfer Vector Type

(virus)

Virus Recombination

(formation of replication competency)

Genetic Transfer into Patient Cells

(ex vivo)

GE Cell Expansion

(growth rate, media, growth factors)

Defective Transgene Expression
(too little, too much)

Impurities in GE Cell Product

(product-related, process-related)

Adulteration of GE Cell Product

(contamination with adventitious agent)
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Work Problem & Discussion

What would be some of the risk-based GMPs & Quality issues
for this Gene Replacement Therapy Manufacturing Process

ﬁ

Wial Thawr, Seedire and Expar=son im Fla=k= ami
Follar Bocrles
+ transient transfection with 3 separate plasmid
| Tremofeon — constructs: (1) human RPEGS expression
+ cassette, (2) AAV2 rep and cap sequences,
| (3) helper virus-derived sequences required
I — for replication of the hRPEGS expression
cassette prior to packaging

| Concentracon by Tansenrial Flow Filration |

v

| Microdimdizanon and Filiramon |

v

| Caron Frchanre Chrommarbosrapkn I

v

| Cs0] Drensiry Cemrifipation |

- —=r = E+ | formulation includes sodium chloride,
[ Sub-loe — I s=ana ¥ mon 4 sodium phosphate, and poloxamer 188

| DRUC SUBSTANCE |

v

| Thaw, Pool ﬂ:ij:'l-f+..!-'- #or Homogensioy | Spa'rk Luxturna

[Stiexile Fileation. Vial Filling < o= and Coppine | FDA Adwisory Committee Meeting
¥ October 12, 2017

| DRUG FRODUCT |
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GMPs & Quality Potential Risks of Gene Replacement Therapy Process

(tumor formation, unwanted immunogenicity, treatment failure, toxicity, disease transmission)

Risk Factor

Address by Risk-Based GMPs & Quality

Availability of Starting Materials
(3 plasmids)

Gene Transfer Vector Type
(plasmid transfection to transfect HEK293 cells)

GE Virus Manufacturing
(growth rate)

Virus Recombination
(formation of replication competency)

Genetic Transfer into Patient’s Eye
(direct injection of GE virus)

Impurities in GE Virus Product
(product-related, process-related)

Adulteration of GE Virus Product

(contamination with adventitious agent)
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Work Problem & Discussion

What would be some of the risk-based GMPs & Quality issues
for a Somatic Cell Therapy Manufacturing Process

Potential Risks of Somatic Cell Therapy
(tumor formation, unwanted immunogenicity, treatment failure, toxicity, disease transmission)

Risk Factor

Address by Risk-Based GMPs & Quality

Cell Heterogeneity
(unwanted cell types)

Significant Cell Manipulation

(enhanced bioactive protein secretion)

Cell Expansion
(media, growth factors)

Genetic Stability
(loss of bioactive protein secretion by
cells due to handling or storage)

Impurities in Product
(product-related, process-related)

Adulteration of Product

(contamination with adventitious agent)
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Concept of Quality by Design (QbD) applies to ATMPs

Guideline on quality, non-clinical and clinical requirements
for investigational advanced therapy medicinal products

in clinical trials 31 January 2019
EMA/CAT/852602/2018

It is recommended that critical process parameters,

critical guality attributes and the associated acceptance criteria
should be set based on the development data and current knowledge.

Critical steps in the manufacturing process
should be identified as appropriate for the stage of development and

all available data and acceptance criteria should be provided.

PDA TR81
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PDA Technical Report 81 (2018)
Cell-Based Therapy Control Strategy

From a manufacturing and quality perspective, ICH Quality Guideline Q8(R2) states

that a manufacturing control strategy is closely linked to criticality

— of quality attributes, material attributes, and process parameters — which can be
identified by conducting risk assessments. Those aspects deemed critical, that is,
having the highest level of risk by such assessment, must be mitigated and
become the principle focus of a manufacturing control strategy.

Industry representatives from the PDA Cellular and Gene Therapy Task Force, in
consultation with regulatory agency thought-leaders, set out to demonstrate how
such a risk-based approach toward development of an effective manufacturing
control strategy could be developed for a CGTP.
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Control Strategy Development

» Various RA tools to assess criticality of QA
= Selective qualitative RA based on Severity + Uncertainty
(Less cumbersome than quantitative FMEA)

Step-by-step approach to build control strategy with
incremental introduction of tools:
ID of PP and RM (process mapping)
PP + RM criticality assessment based on qualitative
impact on CQA
PP and RM risk assessed using technical and
quantitative approach (FEMA) to identify, analyze, and
prioritize risks to products quality, safety, and efficacy

Outcome of RA on each CRM and CPP defines the overall
control strategy:

« Development work needed to refine testing strategy

» Testing at source only

Control Strategy * [Implementation of IPC
= Testing at release, etc.

Key: RA —risk assessment | QA — quality attribute | PP — process parameter
RM — raw material | CRM — critical raw material | IPC — in-process control




Define the
Quality Target
Product
Profile [QTPP)

Product Understanding

Process Understanding

Establish the Control Strategy

Analytica
Methocs
Development

Sources of
Process Procedural || Testing

Parameter Controls Controls

Rizk Aszezcment



Linking IMPD information to patient safety

S ACHIVE SUDSEANCE .. i e
S.1. Generalinformation
...... S.2.6 Manufacturing Process Development

S.3. Characterisation......ccoeviiieeninnneennns — ..

_ confirming product comparability

S.4. Control of the active substance....... after process changes
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S.6. Container closure system . e
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P Investigational medicinal product.......ccooiiii e
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P.5. Control of the investigational medicinal product ..........ccoovviviiiinnns
P.6. Reference standards or materials ......cooviiiiiiiiiiiiiiii i
P.7. Container closure system ... e e e e
P.B.  SLability oo e e
A.1. Facilities and equipment. ...

A.2. Adventitious agents safety evaluation..........cooeiiiiiiiii i,



Similarity/Difference
rProteins/mAbs ATMPs
Stepwise product Stepwise product
Manufacturing comparability comparability
Process Changes (Q + NC +C) (Q+NC +C)
but more challenging ...

While changes to the manufacturing process commonly occur during development, the complex and

dynamic nature of AMTPs presents a challenge for the evaluation of pre-versus post-change product.

Orthogonal methods need to be applied in this evaluation and the potential impact on the entire
product needs to be taken into consideration rather than on a single parameter.

GTIMPs:

It is recognised that in particular for GTIMPs, only a limited number of batches may be produced prior

to MAA. Therefore, it is particularly important to gather sufficiently detailed manufacturing process and
batch analytical data throughout the development process as these can be used as supportive

information during a licence application.

[ Why is product comparability
relevant to patient safety?
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Academic to Industry Transfer — A critical step!

The NCI’'s Legacy Process vs. Kite’s Commercial Process

Old NCI Process

!IIIIIIIIIIIiIIIllIIIilllilllllllllllllllli:
E *  Manual Ficoll Separation :
: of PMBC :
IS EEE NS EEE SIS EESEEEEEEEEEE
=+ Stimin 1175 Flask (open) ¢
s+ AIMV+ 5%Hu serum :
: supplemented withanti-CD3 AL
: and riL2 :
:-Iillllwllilllllllllil LT I IIrI-II E}Rellljlli:
s mmn e s e -~
: = Transduction in 6-well plates =
: by Spinoculation (open i
: process) :
N I NN NN NS I EEE I EEE S EEEEEEEEEEEE o
R —— .
: - Expansion in T-175flasks :
: (open process) :
s+ 7 day expansion g
NSRS IS SESEEEEESSEESEEEEEEEEEE L]

Cell concentration and wash
(open process)

FLITTITTTT
Yemssmmmn

Administer fresh cells

J

Apheresis product

Enrich for lymphocytes
0-2 Activation 0-2
Days Retroviral Days
2-3 Transduction 2-3
Days T Cell Days
310 Expansion 36
Harvest

Sadik H. Kassim, Ph.D.

Serum Free Process

e e e s -
i «  FicollSeparation of PBMC by &
i Sepax 2 (closed process) ‘E.
i- Stimin Culture bags (closed) i
i+ Serum-free medium with anttCDE
:  Aband riL-2
i+ Wash cells after Stim :
: (Sepax 2, closed process) :
LI PR PR PR R RPNl ]

+  Transduction in Culture bags
(closed process)

(T T,

JI-IIIIIIIIIIIIIIIIIIII.IIIIIII.III.IIIIIII‘

i+ Expansion in bags (closed :
: process) without antibiotics :
E- 3 day expansion :
O
i« Cell concentration and wash :
i (closed process) ,E.

1

Cryopreserveproduct

From Academia to Industry:

Lessons Learned in the Development of CAR-T Therapies
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Novartis’ Modifications of UPenn’s Manufacturing Process

Equipment Comparison to UPenn Process A*

rocessA . Process B Rational |
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I Ol I R _—
: . Water .~ . Plasma | :  Reduce potentia
! bath h&‘ “ therm | | contamination
. | | emmmmmmT
."'h ______________________________ 'Ir{' i I
- dl--| B T T D L 1 Hm—mmm— ==
I i A !
|- — |1 Closed and -
.. Manual ? " Sepax I\ automatic system. _ .- -- "
| ficoll : h.,! ficoll X A
| : 3 1 1 == -
) - =7 -
ahemmmmme -
I 1 MaxSep discontinued;
| || CTS meets bead
! |\ manufacturer -
: . : - recommendation -
! Labnet | DynaMag Customized I == -
i spinning | CTS  rotatorfor ;| Customizedrotator | oues
\ rotator | bags ) forbags =1
. $- =T =
"’h._ _____________ o e _._"i-'f; ! - T
E Humidified " Non-humidified | | Elimination of  water - "
i incubator ' incubator | | source-in@an ISO 7 area '
M e, e ——— —|. ‘!_ ,:_. - LEN ST 2 — T METSEEL
S AL ' .
[ '.I : il - ‘“"'""‘f“'"'“'" or' il
I Regular I Bk T —— B pp——— -
| conical || Closed system - :
! tubes I It -
1 : _‘_._.-—"_‘ P b 4P 0
I"h ________________________________ .rf d==="" -




This comparability exercise should normally follow a stepwise approach, including comparison of

quality attributes of the active substance and relevant intermediates, using suitable analytical

methods. Analytical methods usually include routine tests, and should be supplemented by additional

characterisation tests (including orthogonal methods), as appropriate. Developing a panel of suitable
assays for comparability is highly recommended from the first steps of development. As such,
biological characterisation and the potency assay(s) are the most important parameters to perform

comparability on quality grounds.

The analytical tools for comparability need to be chosen based on critical parameters identified

throughout development.

During early phases of non-clinical and clinical studies, comparability testing is generally not as

extensive as for an approved product.

Guideline on quality, non-clinical and clinical requirements
for investigational advanced therapy medicinal products 34 55n4ary 2010
in clinical trials EMA/CAT/852602/2018
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In contrast to traditional drug review, where 80 percent of the review is
focused on the clinical portion of that process, and maybe 20 percent is
focused on the product issues, I'd say that this general principal is almost
completely inverted when it comes to cell and gene therapy.

The initial clinical efficacy is often established early,
and sometimes in small series of patients.

The more challenging gquestions relate to product manufacturing and quality,
or guestions like how much you can change, or enlarge, the gene cassette
that you load into a vector before the gene insert will change the
conformation of the vector in ways that also fundamentally
alter the entire product’s safety or performance.

FDA - Speeches by FDA Officials: Remarks by Commissioner Gottlieb to the
Alliance for Regenerative Medicine's Annual Board Meeting (May 22, 2018)

92




Common Challenges for
Comparability of CGTPs

Limited lots (manufacturing history):

— Comparability studies are not statistically powered

— Not enough retention/test samples available
Limited assay development (potency, purity); assays not
qualified; reference standards not established or adequately
characterized.
Limited product characterization; CQAs not known
Limited knowledge of product- and process-related
impurities
Limited in-process testing; process variables and critical process
parameters (CPP) not known

Limited product stability data collected; limited product
attributes tested in stability plan.

Comparability Studies

Unique Challenges and Key
Considerations for Cell and Gene

Therapy Products (CGTPs) 93




Linking IMPD information to patient safety

SR Vot AV U] 013 o= Ll =
General INTOIMIAE 0N ...ttt esssnnssnsnnssssnnsssssnnnsssnnsssssnsnssnn

S.5.
S.6.
S.7.
P Investlgatmnal medlcmal prnduct

P.1.
P.2.

P.3.
P.4.

P.6.
P.7.
P.8.
A.1.
A.2.

S.1.

Charactermatmn

Control of the active substam:e
Reference standards or Materials .ooooeeriiii e e rssannnasssessesnnnnnnns
Container ClosUre SYStamM .t i e e s r e e as

Stability ...

Description and composition of the mvestigational medicinal product.
Pharmaceutical development ... e

Manufacture .
Control of exmplents

P.5. Control of the mvestlgatmnal medlcmal produc

Reference standards or materials .......covveiiiii i e
Container closure system ..o e
)= ] o
Facilities and equipment. ... e
Adventitious agents safety evaluation..........ccoe i
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Similarity/Difference

rProteins/mAbs

ATMPs

Product
Characterization

Extensive test methods
available

On a journey
(especially for CBPs)

Process-related,
Product-related

Minimize impact on patient safety

Impurities
Adequate samples Limitations of samples
Product (autologous cells)
Release/Stability Extensive Limitations of
Testing release/stability release/stability

test methods

test methods

Specifications

‘During early phases of clinical development specification can
include wider acceptance criteria based on the current knowledge
of the risks. As the acceptance criteria are normally based on a
limited number of development batches and batches used in non-
clinical and clinical studies, they are by their nature preliminary
and need to be subject to review during development.’

Test Method
Validation

“An appropriate degree of method qualification
should be applied at each stage of clinical development’

Why is product testing
relevant to patient saflety? 95




Characterization —
IS a journey!

Increasing product
size and complexity

Living Cells

DNA/RNA Plasmids

Recombinant Proteins & mAbs

| Increasiing product characterization capability |
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rProteins/mAbs | The Current Analytical Tool Box

Glycan Analysis

1° Sequence/PTMs ESI- M5
AA analysis MALDI-TOF MS
N- and C-term Sequence Labeled, PNGaseF released
Peptide Mapping and Sequencing HPAEC-PAD

LC-MS/M5 HPLC-FD
Free sulfhydryls "% HILIC {(HPLC, UHPLC)
MALDI-TOF, ESI-QTOF-MS, orbitrap, CE-LIF (MS)

etc....

Charge
HOS CIEF
Mear- and Far-UV CD | iclEF
FTIR ICE
DSC §§ IEX- HPLC
HDX-M5 CZE
X-ray e O A
NMR . ‘ Jopal st al Sci Reposts 2016 Process Related Impurities
Size/ Purity DNA, HCP, Protein A, etc.
SEC-HPLC Activity
HIC-HPLC In vitro Bioassays Safety
RP-HPLC Reporter gene assays Sioburden
CE-SDS Ag/Receptor Binding assays STE”I'W_
Future: MAM  CGE (mAbs — FcR, C1q) Endotoxin
Multi-Attribute 5 )¢ <PR LAL
Method KT

A4F Strength (UV A280) 97



Limited Characterization of GE Living Virus

ARV capsid

U Transgene U

or

U AD Transgene []

or

U MiRNA Transgene U

» Composition
(genome integrity and
size, molecular mass,
stoichiometry of
capsid proteins)

» Physical Properties
(particle size,

aggregation,
glycosylation state)

» Primary Structure
(sequence confirmatiomn,
protein identification)

» Higher Order Structure
(transmission electron
microscopy, analytical
ultracentrifugation for
intact vs empty capsids)

> Biological Activity
(infectious potency,
ratio of full:infectious
virus particles)




Fluorescence

Characterization test methods useful for viruses
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Very Limited Characterization of GE Living Cell

» Cell Morphology
(size, shape, appearance)

» Cell Phenotype
(type and number of cell
surface receptors)

» Transduction Efficiency
(% of transduced cells,
genetic stability)

» Transgene Properties
(identity, sequence, copy
number of transgene)

» Biological Activity
(identity and activity of
expressed transgene
product)
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Miinimization of impurities essential in an ATMP risk-based approach!

During the production of an ATIMP, variable amounts of impurities, product- and process-related, may

be introduced into the active substance. Any reagents known to have clinical impact in humans should

be analysed in the active substance (or in individual components if otherwise not possible) and

acceptance criteria should be set. The specification limits should be justified by levels detected in
batches used for toxicological and/or clinical studies.

The aim should be to maximise the active components and minimise features which do not contribute,

or may negatively impact on therapeutic activity/safety. The setting of purity specifications should be

based on characterisation studies conducted as part of product development. Purity does not
necessarily imply homogeneity, however, product consistency needs to be demonstrated.

Process related impurities (e.g. media residues, growth factors, host cell proteins, host cell DNA,

column leachables) and product related impurities (e.g. cell types not linked to the therapeutic effect,

cell fragments or non-viable cells, precursors, degradation products, aggregates) should be kept to the

minimum or a risk assessment provided. Based on the risks identified, consideration should be given to

the maximum amount for the highest clinical dose and an estimation of the clearance should be
provided. In case only qualitative data are provided for certain impurities, this should be justified.

Guideline on quality, non-clinical and clinical requirements
for investigational advanced therapy medicinal products
in clinical trials

31 January 2019
EMA/CAT/852602/2018 101



Residual process-related impurities found in commercial ATMPS

(from FDA Package Inserts)
Genetically engineered viruses

Each vial of IMLYGIC may also contain residual components of VERO cells mcluding DNA and protein
and trace quantities of fetal bovine serum.

LUXTURNA may also contain residual components of HEK293 cells including DNA and protein and trace
quantities of fetal bovine serum.

Genetically engineered cells

Inadditionto T cells, YESCARTA may contamn NK and NK-T cells. The formulation contamns 3% dimethylsulfoxide
(DMSO) and 2.5% albumn (human).

Inaddition to T cells, other cell populations, including monocytes, NK cells, and B cells, may be present. The fornlation
contains 31.23% (v/v) of Plasma-Lyte A, 31.23% (v/v) of 3% Dextrose/(0.43% sodrum chloride, 10 % Dextran 40

(LMD)/3% Dextrose, 20% (v/v) of 25% Human Serum Albumin (HSA), and 7 3% (v/v) Cryoserv® dimethylsulfoxide
DVISO)
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Critical importance of potency measurement for ATMPs

Generally the biological activity measurement will become the potency test for DS and DP.

From the characterisation and evaluation of the biological activities, the quality attribute(s) relevant for
the potency should be identified. Potency is the quantitative measure of biological activity, which is
linked to the relevant biological properties and the claimed mechanism of action. The potency assay
should be developed based on the biological activity (i.e. the specific ability or capacity of a product to
achieve a defined biological effect).

It is stronaly r onded that the development of a suitable potency assav be started as soon as
possible. Preferably, a suitable potency assay should already be in place when material for the FIH

inical trial is produced and | ould be validated prior to confirmatory clinical tris nless otherwise
justified. Surrogate potency markers can be considered for release tests, but appropriate justification
on their relevance in the context of the intended action of the ATIMP is needed.

Guideline on quality, non-clinical and clinical requirements
for investigational advanced therapy medicinal products
in clinical trials

31 January 2019
EMA/CAT/852602/2018

Assessment of the biological properties constitutes an essential step in establishing a complete
characterisation profile of a biological medicinal product. Due to their complexity, cell based
immunotherapy products cannot be fully characterised like products derived by recombinant DNA
techniques. Nevertheless, as for any biological medicinal product, the biological activity is an important

characteristic and needs to be determined for cell based immunotherapy products.

Guideline on potency testing of cell based immunotherapy 21 July 2016
medicinal products for the treatment of cancer EMA/CHINP/BWP/271475/2006 tev.1 1 ()3



FDA’s viewpoint of importance of the potency assay for ATMPs

The primary objective of later phase investigational studies (1.e., Phase 3, pivotal'") 1s
to gather meaningful data about product efficacy, which 15 determined by adequate
and well-controlled clinical trial(s). One aspect of an adequate and well controlled

tral 15 adoumstering product lots with sinular poteney, 1n that conformance to
established limits for potency 1s necessary to provide reasonable confidence that

product lots will perform as expected at a given dose mn patients. Therefore, your
potency assay or assay matrix design and acceptance criteria should establish
appropriate lumits for potency to assure that product lots are well-defined, biologically
active, and consistently manufactured. If you do not provide sufficient assurance of
potency of product lots to be used 1n your pivotal trial(s). vour trial may be

considered “deficient m design to meet its stated objectives™ and may be placed on
clinical hold (21 CFR 312.42(b)(2)(11)).

Guidance for Industry

. . Center for Biologics Evaluation and Research
Potency Tests for Cellular and Gene Therapy Products January 2011
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But ATMP bioassays take time to identify, develop, qualify/validate!
Don't underestimate the amouwnt of effort and resources necessary

Determining the biological activity of cell based immunotherapy products is not easy since the active

ingredient is usually composed of whole cells and the activity of these products can generally not be
attributed to one specific cell characteristic. Potency assays for immunotherapy products will be based
on complex immune mechanisms which are often poorly or incompletely understood and which may be
complicated by multi-antigen formulations and inherent variability of the starting material.

Nevertheless, to assure a consistent functional activity of the medicinal product in the recipient, the

potency of the product within justified limits should be demonstrated by a bioassay based on a defined

biological effect as close as possible to the mechanism(s) of action/clinical response.

Guideline on potency testing of cell based immunotherapy 21 July 2016
medicinal products for the treatment of cancer EMA/CHINP/BWP/271475/2006 rev.1
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Risk-based approach applied to QC testing
investigational ATMPs

During clinical development a gradual approach can be applied:

*  Fust-in-man and exploratory clinical trials: Sterility and mucrobial assays should
be validated. In addition. other assays that are mtended to ensure patient's safety
should also be validated (e.g. when retroviral vectors are used. the analytical
methods for testing for replication competent retrovirus should be validated).

*  Throughout the clinical development, the switability of analytical methods used to
measure critical quality attributes (e.g. inactivation/removal of virus and/or other
impurities of biological origin) should be established but full validation i1s not
required. Potency assays are expected to be validated prior to pivotal clinical trials.

*  Pivotal clinical trials: Validation of analytical methods for batch release and
stability testing 1s expected.

EURCPEAN Guidelines on Good Manufacturing Practice specific to Advanced
COMMISSION Therapv Medicinal Products Brussels. 22.11.2017

C(2017) 7694 final
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on the active substance or the finished product. for example due to technical reasons (e.e.

it may not be possible to perform the release tests on the combined components of

: . : pE—— _ ——
immediately after completion of manufacturing). or when the amount of available
_pmduct 1s limited to the clinical dose.

In these cases. an adequate control strategy should be designed. For example.

consideration can be given to the following options:

»  Testing of Kkev intermediates (nstead of the finished product) or in-process
controls (instead of batch release testing) if the relevance of the results from these
tests to the critical quality attributes of the finished product can be demonstrated.

. Real time testing in case of short shelf-life materials/products.

. Increased reliance on process validation. When the scarcity of materials or the very
short shelf-life limuits the possibilities for release controls. the limitations should
be compensated by a reinforced process validation (e.g. additional assayvs. such as
potency testing or proliferation assays may be performed after batch release as

supporting data for process wvalidation). This may also be relevant for
mvestigational ATMPs: while process wvalidation 1s not expected for
mvestigational medicinal products (see Section 10.3). it may be important when
routine im-process or release testing 1s limited or not possible.




Case Example: Genetically-engineered T-cells release testing

‘ KYMRIAH

|dentity

v Appearance
v Vector integration

Purnty

v Bl Cells
v Cell viability
v Transduchon efficiency

Safety

v" Stenlity

v Endotoxin

v Mycoplasma

v RCL / vector residuals

Impurities
v Residual beads
v Residual B cells / MRD U, NOVARTIS
v Vector residuals
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Final Product Potency: % CAR Expressing T Cells

Flow cytometry quantitates the percentage of T cells expressing the
CAR.

Dose Is a defined number of transduced T cells

CD3 Intensity CD3 Intensity

’l Kite Pharma

Untransduced
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Wustration of evaluating a risk-base analysis (RRF)
for CQA determination of a cell therapy ATMP
Attribute Severity  Uncertainty | Result Rationale
RPN
Visual appearance

Visible _Fnrmgn High Medium COA Absence of visible foreign parficles is expected for all
Particles parenterals
|dentity
Expression of An autologous chondrocyte product must contain
Chondrogenic High Low COA chondrocytes, which are characterized by their
Markers expression of specific chondrogenic markers
Impurities
Fibroblastic High Medium COA Avallable data suggests ﬁh_mhlasts may in_terfere with
Cells stable hyaline cartilage regeneration
In products manufactured to date, measured trypsin
Residual Low Low Non- levels are 10x less than levels known to have a
Trypsin CQA | Dbiological effect; as human recombinant trypsin was
used, there is no risk for an immune reaction
Residual Low Medium Non- Collagenase is added to the process at levels 100x
Collagenase COA below the level known to have a biclogical effect



Residual Fetal
Bovine Serum

Dead Cells

Functional
Activity

Total Cell
Number/
Dose Unit

Endotoxin

Sterility

Mycoplasma

High

Medium

High

Medium

High

High

High

Medium

Low

Low

Low

Low

Low

Low

Levels in final product known to potentially impact

COA safety
COA Presence of dead r:e_lls _mnnitnred through cell
viahility
Potency
Lack of function will inevitably result in a lack of
COA clinical efficacy; expression of specific genes is

measured as surrogate assay for function

Strength/Dose

Link between dose and efficacy needs to be
established during development: in A-CeT, the dose
volume is fixed, and cell concentration is an attribute

that needs to be controlled

CQA

Safety

Endotoxins (mainly lipopolysaccharides from gram
COA negative bacteria) are highly pyrogenic substances
that cause dose-dependent fever and shock
Sterility is a general safety reguirement for all
COA parenteral dosage forms to assure that cell products
are free of microbial contamination
Mycoplasma can cause serious contamination in cell
cultures, which may affect phenotypical
charactenstics and normal growth of the cells; a few
species can be pathogenic

CQA
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“Next, an example of the very
same gene therapy procedure
when done correctly.”

?QUESTIONS?
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Resources

https://www.ema.europa.eu/en/human-
requlatory/overview/advanced-therapy-
medicinal-products-overview

I Committee for Advanced Therapies (CAT) I

Advanced therapy classification

Companies can consult the European Medicines Agency (EMA) to determine whether a medicine they
are developing is an advanced therapy medicinal product (ATMP). The procedure allows them to
receive confirmation that a medicine, which is based on genes, cells or tissues, meets the scientific
criteria for defining an ATMP.

Certification procedures for micro-, small- and
medium-sized enterprises (SMES)

The European Medicines Agency's Committee for Advanced Therapies (CAT) provides a certification
procedure for advanced therapy medicinal products (ATMPs) under development by micro=, small=
and medium-sized enterprises (SMEs), This is an opportunity for SMEs to get an assessment of the
data they have generated and check that they are on the right track for successful development.

FDA CBER Office of Tissues and Advanced Therapies (OTAT) I

https://www.fda.gov/BiologicsBloodVaccines/
CellularGeneTherapyProducts/default.htm
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FOA

Case Study #2

;—lurofogous cells suf}ﬁ‘cr ro ex-vivo transduction and .t:l}mﬂszbn Pﬂbr ro reimntroduction

*» Open/closed manufacturing process:

- Aseptic cell collection by leukapheresis, transport to manufacturing facility, magnetic-
bead based cell selection/expansion/viral transduction/formulation/filling/
cryopreservation, transport to patient bedside

- Cell bags are aseptically connected between closed operation steps. Aseptic
connections and disconnections are performed in ISO 5 BSC.

-  Open operations performed in ISO 5 BSC or isolator

- Cell culture media and vector are not sterile filtered

» Batch definition: Single patient sourced blood cells intended for the same patient

* Proposed APS Study Design: Three APS modules: cell product manufacturing process,
vector production and filling, preparation of cell culture media

FDA feedback
Include antibody-coated beads during simulation of the cell selection step
Identify critical steps and collect samples at those steps during APS for final incubation

to determine potential points of contamination
Change of workstation and operator between steps or shifts needs to be incorporated
in APS at representative fregquencies and using maximum number of operators

FDA Perspective on Aseptic Process
Simulation for Cell Therapy Product _ 5 TG
Manufacturing 114



FDA OTAT Learn
(video courses on how FDA regulates CGTPS)

https://www.fda.gov/BiologicsBloodVaccines/NewsEvents/ucm232821.htm

» The Chemistry, Manufacturing and Controls (CMC) Section
of a Gene Therapy IND

» Formal Meetings PDUFA Products Between the FDA and
Sponsors or Applicants of Industry

» Cellular Therapy Products

» Early-Phase Trials of Cellular and Gene Therapies

» Fast Track (FT) for Products Regulated in OCTGT (now
QTAT)

» Breakthrough Therapy Designation

» Biologic License Applications to OCTGT (now OTAT)

» ‘361" Human Cells, Tissues, and Cellular and Tissue-Based
Products (HCT/Ps)

» Advanced Topics: Successful Development of Quality Cell
and Gene Therapy Products

» Advanced Topics: Determining the Need for and Content of
Environmental Assessments for Gene Therapies, Vectored
Vaccines and Related Products
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CELL & GENE THERAPY 2018: SPEAKER PRESENTATIONS
https://www.casss.org/paqe/CGTP1817

free downloadable presentations

FDA Perspective on Aseptic Process
Simulation for Cell Therapy Product
Manufacturing

mRNA as a Platform Technology

Early Stage Manufacturing Ideally Suited for Individualized Therapeutics
Considerations for Cell Therapy
Products

Manufacturing of Gene Therapy Products: Advances in
Process Development and Scale-Up Methods to Meet Future
Demand

Comparability Is Not a Nightmare, Just Think Ahead!
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PDA

Pansaiaral Deug Asteckation https://www.pda.org/publications/pda-technical-reports

N %

82+ Technical Reports — freely assessable to PDA members
(but also can be purchased)

Technical Report No. 81

Cell-Based Therapy Control Strategy

Cell & Gene Therapy Interest Group
https://www.pda.org/scientific-and-requlatory-affairs/interest-groups
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Practical Application of Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPS

In Conclusion

» ATMPs are highly complex medicines

» Regulatory authorities are becoming more comfortable
(flexible) in regulating the ATMPs

» You need to adapt your process and product to the
appropriate GMPs and Quality principles

» Patient safety must never be compromised

Cell & Gene
Therapies
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