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CMC Regulatory Compliance Strategy
for Recombinant Proteins and Monoclonal Antibodies

Course Goal

Evaluate a risk-managed, cost-effective, requlatory-compliant CMC strategy
across the lifecycle of the biopharmaceutical manufacturing process & product

Prior to Clinical Development Phases
FIH Studies Phases 1-3 Seamless Expedited

Focus not on a list of what to do or not to do,
but instead focus on a risk-based assessment of
what is most important to do (‘protect the patient’), and
when to do it (‘forward-thinking’, ‘doing it right the first time’)




CMC Regulatory Compliance Strategy
for Recombinant Proteins and Monoclonal Antibodies

Course Summary

CMC Regulatory Compliance Strategy is Challenging for Biopharmaceuticals

+ Discussion of the increasing diversity of the protein-based biopharmaceuticals
+ Why these biopharmaceuticals are not regulated like chemical drugs

Risk-Based Approach to Managiing the CMC Regulatory Compliance Strategy

+ Key elements of an effective risk-managed ‘minimum CMC regulatory compliance
continuum’ for biopharmaceuticals during clinical development

Applying the Risk-Managed CMC Regulatory Compliance Strategy

» Applied CMC strategy applied across the manufacturing process from raw materials —
starting materials — production — purification — drug substance (bulk) — formulation —
drug product — administered drug product

Challenges of Demonstrating Protein-Based Biopharmaceutical Comparability

After Manufacturing Process Changes

+ Three (3) key design concerns that must be addressed for all proposed changes

(Continuous presentation over the 3 days of instruction) (Please ask your guestions)




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

The Challenge of CMC

Regulatory ompl lance = 45 years experience in Chemistry, Manufacturing & Control (CMC)

for Bio ph armaceuticals strategies for the clinical development and commercialization of
o recombinant proteins, monoclonal antibodies; and now gene
Fourth Edition therapies and cellular therapies

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

» Past Chair PDA Biopharmaceutical Advisory Board

= 20 years as an independent CMC regulatory compliance
consultant to the biopharmaceutical industry

@ Springer

Who are you? Who do you work for? Interest/experience in CMC?

4™ edition published
June 2023 Manufacturing Process Development Project Management
Springer.com Quality Control Analytical Development Senior Management
Amazon.com :
Quality Assurance Regulatory Affairs e 4




CMC Regulatory Compliance Strategy
for Recombinant Proteins and Monoclonal Antibodies

Course Qutline

1. CMC Regulatory Compliance Strategy is Challenging for
Biopharmaceuticals

Discussion of the increasing diversity of the protein-based
biopharmaceuticals

Introduction to the regulatory authority systems (FDA, EMA)
(IND — BLA; IMPD — MAA)

Why biopharmaceuticals are not regulated like chemical drugs

CMC regulatory compliance differences between protein-based
biopharmaceuticals and chemical drugs



DEFINE TERMS

‘CMC Regulatory Compliance ...’

Characterization

2 Release criteria
Qhem:stry — the product Stability profile

In-use testing
Facility/Utilities
N_ﬂanufacturmg — the process Raw/Starting materials

Process design
cGMP operations

2 Production batch records
Qontrol — the Quality System Testing records

Quality Unit oversight
Auditing

REGULATORY COMPLIANCE — that which is required or
expected by a regulatory authority

(e.g., SAFETY, identity, purity, quality, strength/potency)




DEFINE TERMS

‘... Strategy for Biopharmaceuticals’

STRATEGY — the plan of action designed to lead to an overall
defined goal.

(e.g., initiating FIH clinical studies, obtaining market approval, etc.)

Risk-Based Approach — not to eliminate all risks, but to
reduce the risk (i.e., residual uncertainty) to an acceptable level

Biological Product, BIOPHARMACEUTICAL, ... —



i 2y U.S. FOOD & DRUG
DEFINE LANDSCAPE A ADMINISTRATION

What is a biological product? Biological Product Definitions

Biological products are regulated by the Food and Drug
Administration [FDA) and are used to diagnese, prevent,
treat, and cure diseases and medical conditions. Biological

FDA’s explanation of what

products are a diverse category of products and are is a ‘biologic’ is rather
generally large, complex molacules. These products may long and rambling, but
be produced through biotechnology in a living system, includes the basic
such as a microorganism, plant cell, or anéimal cell 3 components

and are often more difficult to characterize than small

molecule drugs. There are many types of biclogical
products approved for use in the United States, including

th : : : : 1) Derived from a
ierapeutic proteins [such as filgrastim], monoclonal livii
ng system
antibodies [such as a .=l|n'|urn;|I:- , and vaccines [such as N
those for influenza and tetanus). 2) Challenging
manufacturing
The nature of biological products, including the inherent process
variations that can result from the manufacturing 3) Complex molecule

process, can present challenges in characternizing and

manufacturing these products that often do not exist in the
development of small molecule drugs. Slight differences

between manufactured lots of the same biolegical product
li.e., acceptable within-product variations] are normal 8




Immune serums and natural biological proteins have been around for decades

@ Sclentists grow @ Next, researchers inject @ Sclentists collect @ Then, researchers
diphtheria-causing horses with the diphtheria blood from the purify the antitoxin
bacteria in the laboratory toxin. As an immune response, horses and separate serum foruse asa
and harvest its toxin, the animals’ blood produces out the antitoxin medicine for people.

diphtharia antitaxin rich serum.

tonin

Polyclonal antibodies
in immune serums —
since 1890s

antitexin
maedicane

antitoxin in the

diphtheria- bleodstream

causing
bacteria

Eli Lilly (1940s)

2 tons of pig pancreases — ~200 g pig insulin



DEFINE LANDSCAPE

Seismic shift in the manufacture of Biological Medicines
occurred in the 1980’s due to molecular biology discoveries

“BIOPHARMACEUTICALS”

[a biological produced by biotechnology - the manipulation
(as through genetic engineering) of living organisms]

¥) Derived from a genetic engineered living system
2) Challenging manufacturing process

3) Complex molecule

“recombinant DNA-derived”

FDA/EMA preferred terms —> ) )
“genetically modified”

10



Biopharmaceutical medicine types have come in 4 ‘waves’!




WAVES 1, 2, 3 — Protein-based Biopharmaceuticals

Gene transfected/transduced into cell line

Gene (DNA) coding

” : Recombinant Cell Line
for amino acid sequence e —

Bacteria
Yeast
Insect

Mammalian
Human

BIOREACTOR

RNA

VA | :
, ‘ (}\”53  Harvest — Purify
| translation b~ 4

Recombinant Protein/
Monoclonal Antibody/
Biosimilar

Protein-base biopharmaceutical
administered to patient 12




WAVE 1 Recombinant Proteins

Human Insulin

Chain B @ @
Mo amino acids ®® @
o0

51 amino acids

A

] e
'{'l‘:{,f:DN‘ or “‘
I 1982 1st recombinant protein I —lP

2300+ amino acids

TODAY: > 100 recombinant proteins
market-approved (FDA/EMA)

13



WAVE 1 ripples: molecular biologists

Re-engineered Recombinant Proteins

enjoy DNA sequence changing!

‘ site-specific codon changes — specific amino acid changes in sequence : )
ong-acting

Insulin Glargine

Recombinant Human Insulin

Asn — Gly

wm@@w@@@@@oawmm@mwww@@

Arg-Arg + -
HOOC Thr Lys Pro| Thr Tyr Phe Phe .
\ 25
Pro — Asp

Lys-Pro — Pro-Lys Insulin Aspart
more rapid acting

Insulin Lispro
more rapid acting

14



WAVE 2 Monoclonal Antibodies

recombinant immunoglobulin protein —
single specific antigen binding

Interchain

disulfide

bonds
Biological Fe Intrachain
activity disulfide
mediation bonds

Light-chain
hypervariable
regions

Antigen Fab .
m 0 Q ' & Heavy-chain
: hypervariable

—___— Papain cleavage site

’§ Light chain

Heavy chain

regions

Hinge region

Papain cleavage sites

Comelement-binding region
Corbohzdrote

V, and V,: variable regions
C, and C,: constant regions

15



amino acid sequences

Type: Murine Chimeric Humanised Human
(0% human) (65% human) (>90% human) (100% human)

Suffix: -omab ~Ximab —~zumab -umab

- Potential for immunogenicity
= ‘ RvEAN,
e Lt

IOKT 3 ! ‘ R only

HUMIRA PN
adalimumab

b2 T S

1986 15 mAb 1997 15t commercially

successful mAb 2022 Best selling drug
in the world >$20B

TODAY: > 120 monoclonal antibodies market-approved (FDA/EMA) 16



WAVE 2 ripples: molecular biologists

enjoy DNA sequence chopping!

| Fc Fragment |

IL-1R-AcP

\

Extracellular

Domains
/

IL-1R Type 1

hlgG Fe

| Fab Fragment |

single chain Fragment variable (scFv)
Beovu (brolucizumab)

bivalent ‘nanobody’ (V,-V,))
Cablivi (caplacizumab)

Fc-fusion protein
Arcalyst (rilonacept)

anti-vWF Nanobody
90% homologous to human germline
128 aa

anti-vWF Nanobody
90% homologous to human germline

128 aa )

259 aa
€ 3 x alanine linker MW = 27876 Da
No tags

1/




| Bispecific Antibodies

2 different light chains + same/different/piece heavy chains

Symmetric
lgG and lgG-like molecules

Rybrevant Bivalent Tetravalent
Hemlibra
Tecvalyi

Antibody
conjugates

Vabysmo

Asymmetric IgG and
lgG-like molecules

oy

Antigen-binding sites
of 2 antibodies

/ \ “knobs into holes”

Small molecules Non-immunoglobulin

fusion proteins

Blincyto Bi-specific T-cell
Kimmtrak | engagers (BIiTES)




| Monoclonal Antibody coupled to a Chemical Drug

\ r/lnntuzlmmb
—
Q
H.)k,//\_/ a
e Ty

""\.‘1

o Calicheamicin

DAR

Antibody-Drug Conjugate
(ADC)

DAR - Drug Antibody Ratio

ADCs take advantage of the targetability of a
mADb to deliver a cytotoxic chemical drug
directly to specific cells, minimizing general
cell death (‘kill cancer cells not healthy cells’)

19



FDA-approved biosimilars have been

. e Currently recombinant proteins and
WAVE 3 Biosimilars mAbs that have lost patent coverage
compared to an FDA-approved biologic,

A biosimilar is a biological product
e
known as the reference product.
Reference and biosimilar PrUdUCtS are: Large and generally Produced from Carefully monitored to
complex molecules living organisms  ensure consistent qualit

A biosimilar is highly similar to a reference product

For approval, the structure and
function of an approved biosimilar wg@
were compared to a reference product,

looking at key characteristics such as: Purity Molecular structure Bioactivity

The data from these comparisons must show that the
biosimilar is highly similar to the reference product.

A biosimilar has no clinically meaningful differences from a reference product

Studies were performed to show

that biosimilars have no clinically ‘L

meaningful differences in safety, purity,

or potency [SEIfEty and EffECtiVEﬂESS] Pharmacokinetic Immunogenicity Additional clinical
and, if needed, assessment studies as needed

compared to the reference product: pharmacodynamic studies

Studies may be done independently or combined.




Biosimilars: market approved in EU since 2006; in USA since 2015

Market-Approved Biosimilar
Innovator’s Biopharmaceutical
EU USA
Adalimumab (Humira) \ \
TNF-a/Fe Fusion Protein (Enbrel) \ V*
Trastuzumab (Herceptiin) \ \
Bevacizumab (Avastiin) \ \
Rituximab (Rituxin/MabThera) \ \
Infliximab (Remicade) \ \
Ranibizumab (Leucentis) \ \
Eculizumab (Soliris) \
Epoetin (Epogen/Procrit) \ \
Filgrastim (Neupogen; G-CSF) \ \
Pegfilgrastim (Neulasta; PEG-G-CSF) \ \
Human Insulin (H1) & derivatives \ Nk
Human Growth Hormone (Humatrope; HGH) \ -
Fertility Hormones \ -~
Hepariin \ chemical drug
* FDA market-approved, ** Up until March 2020, these were ‘follow-on proteins’,

but blocked by patents for now not biosimilars, within the FDA system

80+ biosimilars market approved by FDA/EMA

21



WAVES 1, 2, 3 — Protein-based Biopharmaceuticals (the subject of today’s course)

Gene transfected/transduced into cell line

Gene (DNA) coding

” : Recombinant Cell Line
for amino acid sequence e —

Bacteria
Yeast
Insect

Mammalian
Human

BIOREACTOR

RNA

Harvest — Puri
| translation fy

Recombinant Protein/
Monoclonal Antibody/
Biosimilar

1980’s — Today

(1) Recombinant proteins
(2) Monoclonal antibodies
(3) Biosimilars

>250 market-approved

Protein-base biopharmaceutical
administered to patient

22



WAVE 4 — Gene Therapy (and Cellular Therapy) (the subject of the other course)
‘Advanced Therapies’

Gene transfected/transduced into patient

> DNA
Gene (DNA/RNA) coding

) | transcription
for protein sequence
RNA

| translation

bl

Protein/Enzyme

Cells
(substantially manipulated)

injected into patient

- - £ u § -~ ~ _”
Patient is the ‘Bioreactor’! Protein/Enzyme produced

In situ by the patient 23




How successful will Wave 4 be? Follow the money ....

i
janssen i
WEhring FERRING

PHARMACEUTICALS

’?errgpegtﬁg B;O V AR ‘ I\B

Spark. 3 IR
p une L Takog| [Wastellas ’ {Bvlogen
Juno

THERAPEUTICS

() GILEAD |

NOVARTIS

( SAREPTA

THERAPEUTICS

Bristol-Myers Squibb

Contract Development & Manufacturing Organization (CDMO)

Lonzqa FUiiv ThermoFisher  Catalent

DI synth SCIENTIFIC BIOLOGICS

technologies

24




Introduction to
Regulatory Authority Landscape
for Biopharmaceuticals

(USA and EU to be discussed)

United States of America

''''''''''''

eeeeeeee

uuuuuuu

Created by Super Teacher Worksheets for Splashtop Whiteboards

25



ly

United States Pharmaceutical Law

Congress

Legislative Branch Executive Branch

President

Congress passes a / Approves the law by signing

pharmaceutical law or

amends an existing law U.S. Dept. of Health and
Human Services (HHS)

Administration FDA)

Food & Drug

FDA charged with implementing the law

/

Guidance for Industry (GFI)
is published explaining how the
FDA expects the industry to
comply with the law
(‘consensus recommendations’)

Federal Register (FR) notice is
placed announcing how the FDA
intends to enforce the law

{d

Much public discussion ensues

4

When ‘dust settles’, FDA locks its
intent in Code of Federal Regulations
(CFR) Title 21

26



1937 - antibacterial syrup for
children was formulated with

diethylene glycol (super sweet)

ELIXIR

SULFANILAMIDE

; ‘biological hormones
1941 — Insulin Amendment and enzymes’

1938 - Food, Drug & Cosmetics Act

FD&C Act New Drug Application (NDA)
NDA Pathway 21 CFR 314

(market approval)

Biologics License Application (BLA)
21 CFR 600-610

Investigational New Drug (IND)
21 CFR 312

(human clinical studies)

(market approval)

1944 - Public Health Services Act

PHS Act Vaccines: pertussis, diphtheria
BLA Pathway Immune serum polyclonal antibodies

‘biologicals’ — needed more testing and
more controls than chemical drugs

27


http://en.wikipedia.org/wiki/Image:Snake-oil.png

PHS Act specifically defines which drugs are considered ‘biological products’
has changed over time

*  1944: ‘a virus, therapeutic serum, toxin, antitoxin or
analogous product* or arsphenamine**’

polypeptide)’

* 1970 added: ‘vaccine, blood, blood component or
derivative, allergenic products’

« 2010 added: ‘protein (except any chemically synthesized

« 2020 changed: ‘protein {exeeptany-chemically
bocizodpol AT

21 CFR 600.3(h) Biological product means a virus, therapeutic serum, toxin, antitoxin, vaccine,
blood, blood component or derivative, allergenic product, protein, or analogous product, or
arsphenamine or derivative of arsphenamine (or any other trivalent organic arsenic compound),
applicable to the prevention, treatment, or cure of a disease or condition of human beings.

*Analogous = ‘comparable in certain respects’
(applies today to cell and gene therapy products)

**arsphenamine, only chemical drug in PHS
Act (in 1944 used to treat syphilis)

28



U.S. Congress

Continually amending the two pharmaceutical laws
Major amendments allowing ‘abbreviated’ market approval pathways

FD&C Act 1984 Amendment

Innovator IND — New Drug Application (NDA) - 505(b)(1)

Innovator IND — New Drug Application (NDA) — 505(b)(2)

uses some data from existing NDA

Generic Abbreviated New Drug Application (ANDA) - 505j

uses non-clinical & clinical data from existing NDA + bioequivalence study

PHS Act 2010 Amendment

Innovator IND — Biologics License Application (BLA) - 351(a)

511l 1@ IND — Biologics License Application (BLA) — 351(j)

uses non-clinical & clinical data from existing BLA + 3 comparative studies

29



oier for
o Qg

~

CDR & Center for Devices and Radiological Health (CDRH)
H: ‘combination products’

&
% oN
’?396);_; ;Q‘J\.@

Which FDA Center reviews and approves the protein-based biologics?

A protein is any alpha amino acid polymer with a specific, defined sequence that is greater than 40 amino acids in size.
When two or more amino acid chains in an amino acid polymer are associated with each other in a manner that occurs

in nature, the size of the amino acid polymer for purposes of this paragraph ()(6) will be based on the total number of
amino acids in those chains, and will not be limited to the number of amino acids in a contiguous sequence.

30



Previous FDA Review

FD&C Act

Natural Chemical Drugs
Synthesized Chemical Drugs
Peptides (<40 aa; s &r)
Protein Hormones (n & r)
Protein Enzymes (n & r)

FDA Review Today

FD&C Act

Natural Chemical Drugs
Synthesized Chemical Drugs
Peptides (<40 aa; s &r)
Protein Hormones (n & r)

Protein Enzymes (n & r)

PHS Act

Recombinant Proteins
Monoclonal Antibodies

(Biosimilars)

CBER
/ PHS Act CBER
7 ~
Monoclonal Antibodies PHS Act
Vaccines (r antigens) Vaceines (r anti
{ramgens) tigens)
Plasma-Derived Proteins Plasma-Derived Proteins
ANALOGOLS PRODUCTS ANALOGOUS PRODUCTS
K (Celtular & Gene Therapy) / \_ (Cellular & Gene Therapy) -
n - natural r-recombinant s -chem synthesized aa -amino acids

Proteins ( > 40 amino acids) regulated as biologic
Peptides (< 40 amino acids) regulated as chemical drug

31



Center for Drug Evaluation & Research (CDER)

Submissions (IND and BLA) of rProteins, mAbs and

Qunt

biosimilars filed to Divisions inside respective Offices
(based on medical indication)

Supports the medical Offices when
they review biopharmaceuticals

32



European Parliament (EP) (1953)

Final approval of laws

!

European Commission (EC) | (1967)

Proposes new/amended pharmaceutical laws
Implements laws approved by EP
Final approval of EMA recommendations

/ \ (1993)
‘ National Competent Authority (NCA) | European Medicines Agency (EMA)

Review/evaluation of medicines Review/evaluation of medicines
during human clinical development for market approval

!

Guidelines are published
explaining how the EMA expects
the industry to comply with the law

33
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il

ISTAY

9&3
u

-

Clinical Trial Authorisation (CTA)
[IMPD for CMC]

(human clinical studies)

NCA review
required for all pharmaceuticals

Thalidomide was a drug that was developed as
a sedative in the 1950’s, but was soon used for
treating morning sickness in pregnant women

Climnical Trial Regulation (536/2014)
effective January 2023

‘submitted, reviewed, authorized’ -
single portal entry

Marketing Authorisation Application (MAA)
[Module 3 for CMC]

(market approval)

EMA centralized review

MANDATORY for most chemical drugs
(AIDS, cancer, diabetes, orphan drugs, etc.)

EMA centralized review
MANDATORY for all biopharmaceuticals

v

34



Recombinant DNA;
controlled gene
expression; hybridoma and

ATMPs
gene therapy;
somatic cell therapy;

engineered tissues
- EMA
Biosimilars MANDATORY

AIDS; cancer;
neurodegenerative disorders;
diabetes; auto-immune
disease; viral diseases; other
immune dysfunctions

monoclonal antibodies

Qrphan Products

35



From a CMC Regulatory Compliance Perspective Are
Protein-Based Biopharmaceuticals Regulated Like Chemical Drugs?

Attendee CMC Experience

Chemical Drugs / ASOs
ASO - antisense Recombinant Proteins
oligonucleoside .
(a short mRNA strand) Monoclonal Antibodies (mADb)

Bispecific Antibodies (BsAb)
Fc-Fusion Proteins
Fab Fragments

Biosimilars

36



From a CMC Regulatory Compliance Perspective v
Are Protein-Based Biopharmaceuticals NO
Regulated Like Chemical Drugs?

=

4 Major Differences
¥) Difference due to type of starting material

2) Difference due to inconsistency of manufactured product
3) Difference due to complexity of molecular structure

4) No ‘bio-generics’

37



¥) Difference due to type of starting material

Chemical
Drug

« Chemical synthesis using
non-living reagents

* Harsh environments for
synthesis (e.g., high temp,
high pressure, organic
solvents, etc.)

Protein-Based
Biopharmaceutical

* Biosynthesized using
living microorganism cells

* Protein induction under
mild conditions (e.g., mild
temp, aqueous medium)

2 major challenges when using living cells =

38



Challenge when using living cells
#1: Must be kept ‘Alive’! Around the clock - 24/7

dead organisms do not produce!

Critical steps in the cryopreservation process.

‘life clock’ can’t be stopped,

: _ but it can be slowed!
z o Cryopreservation solution ° Cryoprotectant removal,
choice & cryoprotectant dilution, and/or inclusion

concentration in cell product living organisms

17 N ]
o e hibernate

cryoprotectant under liquid N, temp (-196°C)
addition

Temperature of
cryoprotectant
addition

Temperature

Temperature of
ice nucleation

but apoptosis can occur
even at that low temp

controlled slow freeze
(to prevent ice formation from
damaging the cell)

fast thaw

Time




TG VL5 A 0 5 Challenge when using living cells

Table 1| Wirus contaminations of mammallan cell culture
to produce proteins and vaccines, segregated by year, both . £ 2
o prtce s s sty #2: Must be kept ‘Healthy’!
Yaar of Contaminations (wirus # host call} Tokal
contamination £ ngn ]
- a nasty world — an abundance of ‘adventitious agents’!
1HHE-1E Bl bongus L CHD F.
EHOW f CHIO==
1ea0-150. Herpesvinus / primary monkay T |
der iy X Mycoplasma Species Reported to Contaminate
Barainfiuenza 3./ MACS . Mammalian Cell Culture Manufacturing |
Ron2 F MRCS Mycoplasma hyorhinis Mycoplasma orale
Simizn adanovinus £ primary monkay Mycoplasma salivarium Mycoplasma fermentans
1935-1595 SV CHO N 4 Mycoplasma arginini Acholeplasma laidlawii
eovinus / human primary kidnay™
Vasivires 3117/ THIO™
2000-3004 OV unknown {x™ 3
Human adancins & HEKZ93%
200e-20n0 O/ CHD &
MAVMA S CHO (2 - . .
Vasivirus 17 / CHO (3= acte”a/FUﬂgl‘
2010-pemsant WOV CHID™ 3
MAVIA 7 B2
POV Ve hD

Unlkonicram WAVIA 7 BHE-2T
Reovines / Unknown ™

kad

Mycoplasmas

t

S epidermidis | \nad P.aeruginasa-~ Chfermentans

B.cereus 40



Once an adventitious agent contaminates a living cell,
proliferation occurs and all following upstream steps are impacted!

Production

-

Seed Train Inoculum Train
Multllple_Passag_es n Multiple Passages in
Selective Medium Non-Selective Medium
A AN
4 N\ 4 ©\
N—

-

~—

=

Culture Expansion
MCB/ Product Expression

wCB

>
(must be kept ‘healthy’ for several months) 41



2) Difference due to inconsistency of manufactured product

Chemical
Drug

« The synthetic
manufacturing process
for a chemical product
yields a high degree
of product consistency

Protein-Based
Biopharmaceutical

« The biosynthetic
manufacturing process
for a protein product
yields varying degrees
of product inconsistency

42



Recombinant Proteins/Monoclonal Antibodies

the quality, purity and/or potency of the protein-based product
may weakly « strongly be defined by the manufacturing process

Although, by definition. mAbs are characterised by a single amino acid sequence. they are
subject to post-translational modifications as well as physicochemical transformations that arise
durmg their production and storage. In practice, the drug substance and the drug product usually
also include a low level of sequence variants that arise from the inherent errors normally
occurring during transcription and translation. Heterogeneity 1s specific to the manufacturing
process and its potential impact on the activity. efficacy. safety. and pharmacokinetic properties
of a mAD product should be understood to be able to ensure batch-to-batch consistency. In
addition, heterogeneity may affect both the long-term stability and the immunogenicity of a
therapeutic mAb. though in general. modifications that are found i natural human antibodies are
less likely to be immunogenic. The types of modification commonly associated with therapeutic
mADbs include: N- and C-termunal modifications, glvcosylation. glycation. disulphide bond
formation and vartous other ammo acid related modifications.

WHO Guideline for the safe production and quality control of

(735N World Health monoclonal antibodies for use in humans WHO/MAB/DRAFT/12 October 2021
&#Y Organization

Variation of biological processes —p
- Amgen 5 min video

43
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Control of Living Cells — Consistency of Product Depends On It!
up to 12 critical process parameters may need to be controlled

Heat Transfer
l I 'm- ‘;‘."‘, i
cells multiplying
are fragile X cells
e l \ ' ’ generate heat
N\ L ek
oo Mass Transfer
il
0 © -E.l :: nutrients
CO, out ©9 8] oo © 7 | toward
0, in M uifs'c_.\ waste products
#+ B away
L A
« > i
Gas  Liguid
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3) Difference due to complexity of molecular structure

Chemical
Drug

« Molecular structure of a
chemical drug can be
simple or slightly complex

Protein-Based
Biopharmaceutical

« Molecular structure of a
protein is complex, with
numerous molecular
structural variants

46



Typical perception of size of a chemical drug vs a biopharmaceutical
common slide used in FDA presentation

aspirin

Comparison between a Biologic Monodonal Antibody and an Aspirin Molecule. 47



But chemical drugs can also be large — just not as large nor as complex as proteins!

chemically synthesized ASO

SiRNA (small, interfering RNA) for gene silencing
double-stranded RNA: 44 nucleosides

Givlaari
MW 17,246 Da
Insulin Growth hormone
5,808 daltons 22,000 daltons

~150 kDa; ~10 nm

Monoclonal antibody
150,000 daltons

48



Abundance of protein molecular variants leads to complexity!

.

Heavy chain

Pyroglutamate

Antigen binding

Light chain

Deamidation/oxidation

Truncation
(lysine)

Glycosylation site

Kozlowski and Swann, Current and Future Issues in the Manufacturing and Development of Monoclonal
Antibodies; Advanced Drug Delivery Reviews, 58 (5-6), 7 Aug 2006, pp 707-722

Total theoretical molecular variants — 100 million!

49



But, how many molecular variants can we actually see today in a mAb?

(Jir i
| clEF
SEC‘HP".C Monomer |
i
| Baasmis 1
2 (00 " | Ackdic
HMWS \ I ’ ) :
(0% [ A 1 |[ \ u.j'v.s | L
I — e ' Y .
0 " kN e B 0 20 e—— ) _
3 0.0 ———
i3 3 D Heme .
3 i¥ .3 Intact Mass Spec CE-SDS non-reduced
$3 iz .
i3 N H g - 5_5‘
iy
T S :3
% ; \ j / 5 a E - n E
g i V/ \ A = % l\
: \A = 3 B
l:‘II_" T
o i
/ oA '\l___T_J_'_L__r A \|
L‘,_‘-— o~ \»\\_\__ .00 —ﬁ' -
____________________________________________ 10.9 Iiﬁ |5I.'C-' I]:'.i :'::;E' Zé.ﬁ E;J:l 27I.5 3:;'-:-'
--------- e oe Wi g

USP Monoclonal Antibody Reference Standards

How many variants in a ‘blob’?
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Major safety challenge for biopharmaceuticals due to this complexity
not toxicity (like chemical drugs) but how the body’s immune system reacts!

Assuring the quality of biological medicinal products is challenging, as they often consist of a number
of product vanants and process related impunties whose safety and efficacy profiles are difficult to
Mt. However, unlike chemical entities, toxic impurities are generally not an issue, and the safety
Issues of biological [ biotechnological products are more often related to the mechanism of action of
the biological product or to iImmunogenicity.

Guideline on the requirements for quality documentation
concerning biological investigational medicinal products in

clinical trials

EUROPEAN MEDICINES AGENCY

27 January 2022
EMA/CHMP/BWP/534898/2008 Rev. 2

Chemical drugs are too small to be immunogenic —
not recognized by the immune system as ‘invaders’
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4) No Bio-Generics

Generic Chemical Drug: must be identical, equivalent to innovator chemical drug
Biosimilar: must be ‘highly similar’ to innovator biopharmaceutical

What is “Highly Similar”?

Not equivalent

Not identical
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FDA Website for Biosimilars
‘ www.FDA.gov/drugs/therapeutic-biologics-applications-bla/biosimilars

Are biosimilars the same as generic drugs?

Biosimilars and generic drugs are versions of brand name drugs and may offer more affordable
treatment options to patients. Biosimilars and generics are each approved through different

abbreviated pathways that avoid duplicating costly clinical trials. But biosimilars are not

generics, and there are important differences between biosimilars and generic drugs.

For example, the active ingredients of generic drugs are the same as those of brand name drugs.

In addition, the manufacturer of a generic drug must demonstrate that the generic is

bioequivalent to the brand name drug,

By contrast, biosimilar manufacturers must demonstrate that the biosimilar is highly similar to

the reference product, except for minor differences in clinically inactive components. Biosimilar

manufacturers must also demonstrate that there are no clinically meaningful differences

between the biosimilar and the reference product in terms of safety and effectiveness.
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Note, biosimilars require an additional
comprehensive comparative CMC study

compared to the innovator

)

Full CMC

facility, process,
product, control

N~

Innovator

Chemical Drug or
Biopharmaceutical

)

Full CMC

facility, process,
product, control

(3 bio-batches)
N_Eounatent_/
Generic
Chemical Drug

Comprehensive
comparative
CMC
(~10 Ref batches)*

Full CMC

facility, process,
product, control

Biosimilar

*FDA Gfl Development of Therapeutic Protein Biosimilars: Comparative
Analytical Assessment and Other Quality-Related Considerations (2019)

)

N orems A

\(6-10 batches)’*/
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Investment Elapsed Time Clinical

Chemical Generic ~ $3 million ~ 2 years ~30 volunteers (bioequivalent pK study)

Biosimilar ~ $150 million ~5years ~800 patients (comparative clinical study)

. it .‘}/,_ ,

APPROVED
DRUG N hendB b
PRODUCTS © . LstsofleenseaBioloycal Produets.
WITH \ e . ;
THERAPEUTIC eCeIRIONUGH EXCIUSIYitand
EVALUATIONS Bosmlaiog echangeaD ETETAIOnS

31" EDITION

THE PRODUCTS IN THIS LIST HAVE BEEN APPROVED UNDER
SECTION 505 OF THE FEDERAL FOOD, DRUG, AND COSMETIC ACT.

U5 DEPARTMENT OF NEALTH AND HUMAN SFRVICES
FOOD AND DRUG ADMINKS TRATION
CENTER FOR ORUG EVALUATION AND RESEARGH
OFFIGE OF PHARMAGEUTICAL SCIENGE
GFFICE OF GENERIC DRUGS

201

FDA list of market-approved FDA list of market-approved
chemical drugs and chemical generics biologics and biosimilars

(note, colors are more for explanation; lists are on the computer) 55



3 major CMC regulatory compliance differences
between biopharmaceuticals and chemical drugs,
only upon market approval by tihe FDA

FDA differences are due to PHS Act vs FD&C Act
these differences are not in EMA market approval!

1) FDA Commercial Batch-to-Batch Biologic Product
Release - 21 CFR Part 610.2

2) ldentity Testing of Commercial Finished Drug
Product After Labeling — 21 CFR Part 610.14

3) Extra 4-Letter ‘Bioqualifier’ Suffix Added by FDA to
INN Assigned to Commercial Products

56



$610.2 Requests for samples and pro-

tocols; official release.

(a) Licensed biological products regi-
lated by CBER. Samples of any lot of
any licensed product together with the
protocols showing results of applicable
tests, may at any time be required to
be sent to the Director, Center for Bio-
logics Evaluation and Research (see
mailing addresses in §600.2 of this chap-
ter). Upon notification by the Director,
Center for Biologics Evaluation and
Research, a manufacturer shall not dis-
tribute a lot of a product until the lot
ig released by the Director, Center for
Biologics Evaluation and Research:

(b) Licensed biological products regu-
lated by CDER. Samples of any lot of
any licensed product together with the
protocols showing results of applicable
tests, may at any time be required to
be sent to the Director, Center for
Drug Evaluation and Research (see
mailing addresses in §600.2) for official
release. Upon notification by the Direc-
tor, Center for Drug Evaluation and
Research, a manufacturer shall not dis-
tribute a lot of a biological product
until the lot is released by the Direc-
tor, Center for Drug Evaluation and
Research: Provided, That the Director,

NOTE: FD&C Act does not require this for NDAs!
(QA solely determines batch release to commercial inventory)

1) FDA Commercial Batch-to-Batch Biologic Product Release — 21 CFR Part 610.2
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FDA pre-release of Commercial Recombinant Proteins
automatic waiver granted by FDA since 1995/

Besremi (ropeginterferon alfa-2b-njft) 11/12/2021

FDA LOT RELEASE

You are not currently required to submit samples of future lots of Besremi to the Center
for Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21
CFR 610.2. We will continue to monitor compliance with 21 CFR 610.1, requiring
completion of tests for conformity with standards applicable to each product prior to
release of each lot.

ASPARILAS (calaspargase pegol-mknl) 12/20/2018

FDA LOT RELEASE

You are not currentlv required to submit samples of future lots of ASPARLAS to the Center for
Drug Evaluation and Research (CDER) for release by Director, CDER, under 21 CFR 610.2.
We will continue to monitor compliance with 21 CFR 610.1, requiring completion of tests for
conformity with standards applicable to each product prior to release of each lot.

as stated in CDER market approval letters
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FDA pre-release of Commercial Monoclonal Antibodies
automatic waiver granted by FDA since 1995V

ADBRY (tralokinumab-ldrm) 1212712021
FDA LOT RELEASE

You are not currently required to submit samples of future lots of Adbry to the Center for
Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21

CFR 610.2. We will continue to monitor compliance with 21 CFR 610.1, requiring
completion of tests for conformity with standards applicable to each product prior to
release of each lot.

Blenrep — Belantamab Mafodotin-blmf (ADC) (August 05, 2020)

You are not currently required to submit samples of future lots of Blenrep to the Center for
Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21 CFR 610.2.

Reblozyl - Luspatercept-aamt (Fusion Protein) (November 2019)

You are not currently required to submit samples of future lots of REBLOZYL to the Center for

Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21 CFR 610.2.

Hulio — Adalimumab-tkip (Biosimilar) (July 06, 2020

You are not currently required to subbmit samples of future lots of Hulio to the Center for Drug
Evaluation and Research (CDER) for release by the Director, CDER, under 21 CFR 610.2.

as stated in CDER market approval letters
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FDA pre-release of Commercial Human Plasma-Derived Proteins
depends!

Natural Proteins - YES

RYPLAZIM® (plasminogen, human-tvih) June 4, 2021

FDA LOT RELEASE

Please submit protocols showing results of all applicable tests. You may not distribute
any lots of product until you receive a notification of release from the Director, Center for
Biologics Evaluation and Research (CBER).

Recombinant Proteins - NO

ESPEROCT [antihemophilic factor (recombinant), glvcopegylated-exei] February 19, 2019

FDA LOT RELEASE

You are not currently required to submit samples or protocols of future lots of
Antihemophilic Factor (Recombinant), GlycoPEGylated-exei to the Center for Biologics
Evaluation and Research (CBER) for release by the Director, CBER, under 21 CFR
610.2(a). We will continue to monitor compliance with 21 CFR 610.1 requiring
completion of tests for conformity with standards applicable to each product prior to
release of each lot.

as stated in CBER market approval letters
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FDA pre-release of Commercial Recombinant Antigen (Protein) Vaccines
required!

PREHEVBRIO [Hepatitis B Vaccine (Recombinant)] November 30, 2021

FDA LOT RELEASE

Please submit final container samples of the product in final containers together with
protocols showing results of all applicable tests. You may not distribute any lots of
product until you receive a notification of release from the Director, Center for Biologics

Evaluation and Research (CBER).

AREXVY (Respiratory Syncytial Virus Vaccine, Adjuvanted) is a sterile suspension for
intramuscular injection. The vaccine is supplied as a vial of Iyophilized recombinant respiratory
syncytial virus glycoprotein F stabilized in pre-fusion conformation (RSVPreF3) as the antigen

May 3, 2023

FDA LOT RELEASE

Please submit final container samples of the product in final containers together with
protocols showing results of all applicable tests. Please submit protocols showing
results of all applicable tests. You may not distribute any lots of product until you receive
a notification of release from the Director, Center for Biologics Evaluation and Research

(CBER).

as stated in CBER market approval letters

61



2) Identity Testing of Commercial Finished Drug Product After Labeling

‘ — 21 CFR Part 610.14

Extra Commercial Testing
PHS Act Requirement Current Stats
Zu(v:k':géz?i’té? ELIMINATED in 2012
(in addition to final product sterility) (now identical to FD&C AcY)
21 CFR 610.11 .
ELIMINATED in 2015
General Safety Test ) .
(mice and guinea pig toxicity test) (now identical to FD&C AcY)
21 CFR 610.14
Labeled Final Container Identity Test STILL IN EFFECT (2023)
(CONTENT ID test after final labeling™)

* note, this is not the required identity test
for batch release of all pharmaceuticals

| NOTE: FD&C Act does not require this for NDAs! |
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21 CFR 610.14 Mandatory for Market Approval!

Idacio (Adalimumab-aacft) Monoclonal Antibody — Stated in Market Approval Letter
(December 2022)

- We remind you of your postmarketing commitments: To implement identity test(s) for final
— MSB11022 drug product assembled in prefilled syringe with the autoinjector devices after
labeling and secondary packaging per 21 CFR 610.14. The final identity test and supporting
information will be submitted to the BLA per 21 CFR 601.12.
Final report submission: June 2023

FDA Drug Databases: Drugs@FDA — FDA Approved Drug Products: Idacio (Adalimumab-aacf) — Approval
History. Letters. Reviews and Related Documents — Market Approval Letter (December 13.2022):
www accessdata fda gov/drugsatfda docs/appletter/2022/7612550rm1g1s0001tr pdf

Zolgensma (Onasemnogene Abeparvovec-xioi) Recombinant AAV Viral Vector —
During FDA Late-Cycle BLA Meeting (March 18, 2019)

On February 6, 2019, you informed FDA inspectors that a single DP lot may be for ... different
markets. FDA inspectors informed you that each lot ... of DP intended for the US market must
be tested for identity after completion of labeling operations, to comply with 21 CFR 610.14.
Please confirm that you will perform identity testing in this manner. Please submit to the BLA
an updated labeling MBR. Discussion: FDA noted that identity testing should be performed on
all lots and ... after labeling.

The applicant stated that they will provide the requested information.
FDA Vaccines, Blood Products & Biologics — Cellular & Gene Therapy Products: Zolgensma (Onasemnogene
Abeparvovec-xio1) — Approval History, Letters, Reviews, and Related Documents — Late-Cycle Meeting
Memorandum (March 28. 2019); www_fda gov/vaccines-blood-biologics/zolgensma



Filing the BLA without this required test can cause delay in market approval!

The BLA subnussion does not contain mformation regarding 1dentity testg of labeled

1balizumab drug product vials. 21 CFR 610.14 requires that identity testing be performed

on each filled DP lot after all labeling operations have been completed. The 1dentity test
method for the labeled drug product should be appropriately validated for 1ts intended
use. Update your BLA with the followmg mformation:

o adescription of the 1dentity test method for the labelled drug product

o appropriate method validation, or 1f applicable, method transter data

o revise FDA-356h form to include testing facility mformation

o revise Section 3.2.P.3.1 of Module 3 to mclude the testing facility mformation.

Trogarzo (Ibalizumab-uiyk) — FDA Approval History, Letters, Reviews and Related Documents
— Administrative and Correspondence Documents
- Meeting Minutes Mid-Cycle Communication (August 18, 2017)
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3) Extra 4-Letter ‘Bioqualifier’ Suffix Added by FDA to INN
Assigned to Commercial Products

“The Agency considers appropriate pharmacovigilance fundamentally
important for biological products. Although safety of biological products
Is rigorously assessed before approval, safety issues that are specific to
a manufacturer may arise after approval with any marketed product.”

Commercial Biopharmaceutical Product
Blopha_rl‘_r;\;:eutlcal Brand N?:g;?:?erzz:y Added
Name Name (INN) Bioqualifier
Recombinant Protein Palynziq pegvaliase -pQpz
Monoclonal Antibody | Enspryng satralizumab -mwge
Antibody-Drug loncastuximab
Conjugate Zynlonta tesirine 'py!
Yusimry -agvh
Biosimilar mAb Hulio adalimumab -fkjp
Hadlima -bwwd
In Vivo AAV onasemnogene _
. Zolgensma -Xioi
Viral Vector abeparvovec
Genetically Modified : lisocabtagene
. Breyanzi
Patient Cells maraleucel

FDA Guidance for Industry (Gfl): Nonproprietary Naming of Biological Products (January 2017)

EMA does not use biogualifiers
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Summary: CMC Regulatory Compliance is Challenging
for Recombinant Proteins and Monoclonal Antibodies

v Ever increasing diversity of the protein-based biopharmaceuticals

v Regulatory authority systems are in place
FDA: IND — BLA EMA: IMPD — MAA

v Biopharmaceuticals are NOT regulated like chemical drugs

.y

I HATE BEING A
DNA MOLECULE.‘
THERES 50 Much
To REMEMBER!

Questions??
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CMC Regulatory Compliance Strategy
for Recombinant Proteins and Monoclonal Antibodies

Course Qutline

2. Risk-Based Approach to Managing the CMC Regulatory
Compliance Strategy

* RBA: The ‘minimum CMC regulatory compliance continuum’

— Applied to CMC Regulatory (what/when CMC content is required
to be submitted to FDA/EMA)

— Applied to cGMPs (flexibility in level of risk-based manufacturing
process control)

— Applied to Quality System (flexibility in amount of involvement)

 QbD/QRM - the language of communicating the RBA CMC
strategy to the regulatory authorities
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Patient Safety Risk — The Major Concern of the Regulatory Authorities

The safety and well-being of trial subjects (be they patients or healthy volunteers) should always be
the priority and special consideration should be given to characterising risk and putting in place

appropriate strategies to minimise risk. The guideline aims to address as far as possible the important
issues that may need consideration during the process of designing a set of studies in a clinical
development programme. As IMPs are widely different in their pharmacological features and intended
use different parts of the guideline may be important for some and inapplicable to others.

Guideline on strategies to identify and mitigate risks for

. s ; o - 20 July 2017
first in human and early clinical trials with investigational EMEA/CHMP/SWP/28367/07 Rev. 1
medicinal products

application (§ 312.23(a)(7)) (Refs. 1 through 6). FDA reviews the submutted IND to determine
whether the phase 1 investigational drug to be used in the clinical trial 15 sufficiently safe to
permit the trial to proceed. This determination 1s based. in part on whether the investigational
product has the identity, strength, quality, and purity, and purported effect deseribed in the IND
application. In certain circumstances, FDA also may choose to conduct an inspection (e.g., if
there 1s insufficient information to assess the risks to subjects or 1f the subjects would be exposed
to unreasonable and significant risk). Finally, FDA could decide to place a proposed or ongomg
phase 1 climical trial on clinical hold or terminate the IND. FDA can also take any of these

actions if there 1s evidence of inadequate QC procedures that would compromise the safety of an
investigational product.

Guidance for Industrv U.S. Department of Health and Human Services
. L Food and Drug Administration
CGMP for Phase 1 IHV'EStlgﬂtlﬂﬂﬂl Drllgs Center for Drug Evaluation and Research (CDER)

Center for Biologics Evaluation and Research (CBER)
Office of Regulatory Affairs (ORA)

July 2008 68



Biopharmaceutical CMC Control
Necessity of a Risk-Base Approach (RBA)

The complexity involved with control of the biopharmaceutical
manufacturing process coupled with control of the produced
biopharmaceutical, introduces an abundance of CMC requlatory
compliance risks, which need to be effectively managed.

RISK: the combination of the probability that an event might occur and the
degree of harm should that event occur

Every activity, every decision, every change, carries risk; but not all risks
carry the same level of concern

A risk-based approach is necessary to sort through all of the identified risks,
and then prioritize the risks so that the focus of limited resources can be
applied to addressing and controlling the more critical identified risks

A risk-based approach does not mean doing less; but doing the right
activities, to the extent necessary, at the right time!

‘good regulatory sense and good business sense’
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RBA

1
‘Minimum’ - ‘the least
quantity assignable.’

MINIMUM CMC REGULATORY COMPLIANCE CONTINUUM
CMC regulatory
| compliance: a threshold

of complian.ce that must MINIMUM
be achieved — cannot go . .
below — at given stages of (LATE clinical Stage)
clinical development. I risk-based, increased knowledge,
MINIMUM
(EARLY clinical stage)

criteria based on manufacturing data
risk-based, limited knowledge,

criteria based on available science

‘Continuum’ - ‘a coherent
whole characterized as a
progression of values
varying by degrees.’

CMC regulatory
compliance: the
threshold of compliance
that must keep rising as
clinical development
advances

also known as ‘phase-appropriate’— but ... Changing Nature of Clinical Studies

Clinical Development
Pre-Clinical Phase 1 Phase 2 Phase 3
Phase 1 Phase 2 (Phase 3 aﬁter MA) Am"ad

In ‘Seamless’
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Three interactive CMC regulatory compliance components lead to an
effective minimum CMC regulatory compliance continuum strategy

MINIMUM CMC REGULATORY COMPLIANCE CONTINUUM
3 Interactive Components

CMC
REGULATORY

QUALITY SYSTEM | ¢ -
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CMC

Regulatory

CMC content to submit to regulatory
authorities to independently access
patient safety risk

Drug Substance (DS, API)

Drug Product (DP)

PROTEIN-BASED BIOPHARMACEUTICALS

ICH website (www.ICH.org)

Manufacturer &
Sites of Manufacture

Manufacturer &
Sites of Manufacture

Manufacturing
Process Description

Manufacturing
Process Description

Viral Safety Evaluation of Biotechnology
Products Derived from Cell Lines of Human
or Animal Origin Q5A(R2)

Manufacturing
Process Controls

Manufacturing
Process Controls

Source Material(s)

Excipients

Analysis of the Expression Construct in
Cells Used for Production of r-DNA
Derived Protein Products Q5B

Characterization of Product

Formulation

Release Testing of DS

Release Testing of DP

Quality of Biotechnological Products:
Stability Testing of Biotechnological/
Biological Products Q5C

Stability Testing of DS

Stability Testing of DP

Adventitious Agent Control (TSE, Virus, Mycoplasma, Microbial)

Derivation and Characterization of Cell
Substrates Used for Production of
Biotechnological/Biclogical Products QSD

THE CoMMON TECHNICAL DOCUMENT FOR THE
REGISTRATION OF PHARMACEUTICALS FOR HUMAN USE:  QUALITY

QUALITY OVERALL SUMMARY OF MODULE 2
MODULE 3 : QUALITY

ICH M4Q(R1)

Comparability of Biotechnological/Biological
Products Subject to Changes in Their
Manufacturing Process QS5E

Specifications: Test Procedures and
Acceptance Criteria for Biotechnological/
Biological Products ICH Q6B

N

... but how much and when?'




Extent of CMC content to submit
CM C to requlatory authorities

R (2 g U I a to ry * risk-based

* clinical stage-appropriate

{7} Chemistry, manufacturing, and contreol information. (1) As appropriate
for the particular investligations covered by the IND, a section describing
he composition, manufacture, and control of the drug substance and the
drug product. Although in each phase of the investigation sufficient

information 18 reguired to be submitted to assure the proper

identification, quality, &

purity, and strength of the investigational drug,
Che amount of information needed o make that assurance will vary with the
phase of the investigation, the proposed duration of the investigation, th
dosage form, and the amount of information otherwise avallable. FDA

chne

FDA CFR Code of Federal Regulations Title 21 — Part 312.23, IND Content and Format

In determining the content of the IMPD, a risk-based approach can be applied?. The content of the

dossier can be adapted having regard to the identified risks. In particular, the applicant can perform at
the beginning of product development an initial risk analysis based on existing knowledge on the type
of product and its intended use. Aspects to be taken into consideration include the origin of the cells,
the type of vector and/or the method used for the genetic modification, the manufacturing process, the
non-cellular components and the specific therapeutic use as applicable.

become available. Key points relevant to the understanding of the product development approach

chosen, should be summarized in the IMPD.

EMA Guideline on Quality, Non-Clinical and Clinical Requirements for Investigational
Advanced Therapy Medicinal Products in Clinical Trials (January 2019)
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CMC

Regulatory

O

EUROPEAN MEDICINES AGENCY

‘minimum CMC regulatory compliance continuum’

Acknowledged by regulatory authorities during clinical development!

Guideline on the requirements for quality documentation
concerning biological investigational medicinal products in
clinical trials

27 January 2022
EMA/CHMP/BWP/534898/2008 Rev.2

IMPD CMC Section EMA CMC Content Guideline for Protein-Based IMPDs
o Since early development control limits are normally
Descwpnor[ of based on a limited number of development batches,
S.2.2 Manufacturing they are inherently prelimina
P.3.3 Process and y P Y-

Process Controls

During development, as additional process knowledge is gained,
further details of IPCs should be provided and acceptance criteria reviewed.

S.2.6

Manufacturing
Process
Development

Manufacturing processes and their control strategies are
continuously being improved and optimised,
especially during the development phase and early phases of clinical trials.

S3

Characterisation

Usually, prior to initiation of phase I studies, the biological activity should be
determined using an appropriate, reliable and qualified method. Lack of such an assay
should be justified. It is recognised that the extent of characterisation data
will increase during development.

S4.1
P5.1

Specifications

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 inherently preliminary and may need to be reviewed
and adjusted during further development.
Additional information for phase W clinical trials

As knowledge and experience increases, the addition or removal of parameters and

modification of analytical methods may be necessary. Specifications and acceptance
criteria set for previous trials should be reviewed and, where appropriate,
adjusted to the current stage of development.

S43
P53

Validation of
Analytical
Procedures

For phase I and Il clinical trials, the suitability of the analytical methods used should be
confirmed. For phase W clinical trials: Validation of the analytical methods provided




CMC P ) ) ,
minimum CMC regulatory compliance continuum

applied in the biopharmaceutical industry

-

Few Lots to Many Lots

A Process Development Completed Technical Transfer

» Animal/Cell

PDA

Technical Report No. 56
2016

*

2
*
ot »

TEEP'n»g
|

Intensity of CMC and GMP Activities

Pre-Clinical Phase llI Commercial

(Tox assessment)
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Enforced regulatory requirements to ensure proper

appropriate handling and release of the product

design, monitoring, and operation of the manufacturing
facility, control over the manufacturing process, and

Minimum requirements for patient safety

In effect from FIH (e.g., Phase 1) clinical studies onward
Not ‘rocket-science’— common sense!

GMPs

Premises should be suitable for the operations to be carried out
v designed to minimize the opportunity for extraneous contamination,
cross-contamination, the risk of errors
v kept clean (disinfection to be applied as appropriate)
v carefully maintained
V..

Process equipment should be suitable for its intended purpose
v Product contact surfaces should not have unwanted reactive properties
v Location and installation should be adequate to minimize risks of errors
or contamination

v adequately maintained and cleaned to avoid the risk of contamination
V..
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Practices required to be carried
out in the manufacturing facility

* risk-based
+ clinical stage-appropriate

The CGMP requirements were established to be flexible in order to allow each manufacturer to
decide individually how to best implement the necessary controls by using scientifically sound
design, processing methods, and testing procedures. The flexibility in these regulations allows

companies to use modern technologies and innovative approaches to achieve higher quality
through continual improvement. Accordingly, the "C" in CGMP stands for "current,” requiring
companies to use technologies and systems that are up-to-date in order to comply with the
regulations. Systems and equipment that may have been "top-of-the-line" to prevent
contamination, mix-ups, and errors 10 or 20 years ago may be less than adequate by today's
standards.

FDA website Facts About the Current Good Manufacturing Practices

The controls used in the manufacture of APIs for use in clhinical trials should be
consistent with the stage of development of the drug product incorporating the APL.
Process and test procedures should be flexible to provide for changes as knowledge of
the process increases and climical testing of a drug product progresses from pre-
climical stages through chimeal stages. Once drug development reaches the stage
where the API 15 produced for use In drug products intended for chimcal trals.
manutacturers should ensure that AFls are manutactured 1n smtable facilities using
appropriate production and control procedures to ensure the quality of the API.

ICH Q7 G0OD MANUFACTURING PRACTICE GUIDE FOR ' ]
ACTIVE PHARMACEUTICAL INGREDIENTS 19.  APIs FOR USE IN CLINICAL TRIALS 77



FDA: General guidance on flexible risk-based cGMPs
during early clinical stage development

Consistent with the FD&C Act (§ 501(a) (2) (B)), CGMP must be n effect for the manufacture
of each batch of mvestigational drug used during phase 1 clinical trials. Manufacturers should
establish manufacturing controls based on identified hazards for the manufacturing setting that

follow good scientific and QC principles. Lhe following manufacturing controls are applicable
to the manufacture of phase 1 mvestigational drugs and m some specific manufacturing

situations. These recommendations provide flexibility to the manufacturers in implementing
CGMP controls appropriate to their specific situation and application.

Adherence to CGMP during manufacture of phase 1 investigational drugs
occurs mostly through:
Well-defined, written procedures
dequately controlled equipment and manufacturing environment
Accurately and consistently recorded data from manufacturing (and testing)

A number of technologies and resources are available that can facilitate
conformance with CGMP and streamline product development. Some examples
include: Use of disposable equipment and process aids to reduce cleaning
burden and chances of contamination; Use of commercial prepackaged
materials (e.g., Water For Injection (WFI), pre-sterilized containers and
closures) to eliminate the need for additional equipment or for demonstrating
CGMP control of existing equipment; Use of closed process equipment
(i.e., the phase 1 investigational drug is not exposed to the environment
during processing) to alleviate the need for stricter room classification for

air quality; Use of contract or shared CGMP manufacturing facilities

and testing laboratories (including specialized services).

FDA Guidance for Industry '
CGMP for Phase 1 Investigational Drugs July 2008
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N
U A L |TY The management systems that ensure appropriate
Q documentation and quality control of the manufacturing

SYSTEM process and the product release, including detecting
and investigating process and product deviations

» ‘Checks and Balances’ - to ensure that CMC Requlatory
commitments are carried out and that cGMPs are followed

During ]Jl'Dd'LlEt development, the quality and safety of phase 1 investigational drugs are
maintained, in part, by having appropriate QC procedures in effect. Using established or
standardized QC procedures and following appropriate CGMP will also facilitate the
manufacture of equivalent or comparable IND product for future clinical trials as needed.

FDA Guidance for Industry
CGMP for Phase 1 Investigational Drugs ~ July 2008
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Three key aspects of the Quality Unit (QA/QC)

1) Quality Unit independence from Manufacturing

Although quality 1s the responsibility of all personnel involved in manufacturing, we recommend
that you assign an individual(s) to perform QC functions independent of manufacturing

responsibilities, especially for the cumulative review and release of phase 1 investigational drug

batches.

® For some manufacturers. the Quality Control Function as described in this guidance may be assigned between a
quality control and quality assurance group and may be integrated into a more comprehensive quality system.

2)

3)

FDA Guidance for Industry
CGMP for Phase 1 Investigational Drugs ~ July 2008

Quality Unit has a critical role to ensure effective training is carried out (in 4 areas)

1) All personnel should receive training on the principles of GMP that affect them and
receive initial and periodic training relevant to their tasks.

2) There should be appropriate (and periodic) training in the requirements specific to the
manufacturing. testing. and traceability of the product.

3) Personnel working in clean areas should be given specific training on aseptic
manufacturing. including the basic aspects of microbiclogy. Prior to participating in
routine aseptic manufacturing operations. personnel should participate in a successtul
process simulation test.

4) In addition. there should be appropriate training to prevent the transfer of communicable
diseases from biological raw and starting materials to the operators and vice versa.

Quality Unit needs ‘backbone’ - standup respectfully to senior
management — the QU is the last safety defense for the patient!
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MINIMUM CMC REGULATORY COMPLIANCE CONTINUUM
3 Interactive Components

CMC
REGULATORY

QUALITY SYSTEM | ¢} -

Case Examples

v

How it should work — Roche video
Perfect storm — Emergent BioSolutions
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The Perfect Storm

—)

Emergent enters
into multi-product
manufacturing
J&J - human AV
AZ - chimp AV

March 2021 J&J informs
FDA that AZ’s chimp
virus was found in their
human virus vaccine

400 million doses of
J&J vaccine destroyed

* Inadequate cGMP
» Lack of appropriately trained operators
+ Dominant senior management/ weak QU

Emergent executives promoted the company s manufacturing capabilities despite being warned of
severe deficiencies, Documents obtained by the Commuittees reveal that before Emergent finalized
manufacturing agreements with Johnson & Johnson and AstraZeneca, Emergent’s then-Executive
Vice President of Manufacturing and Techmical Operations privately acknowledged that he had
warned Emergent semor executives “for a few years” about the company’s deficient qualify

systems_ including that “room to improve is a huge understatement™ Despite these internal
warnings, Emergent entered into confracts with Johnson & Johnson and AstraZeneca to
manufacture coronavirus vaccines for $482 mullion and $174 muillion, respectively. After
manufacturing started, mnternal Emergent communications reveal that the Semior Director of
Quality at the Bayview manufacturing facility stated, “Our risk 1s high!™ and, “we lack commercial
GMP [good manufaehu:mg practices] compliance maturity.”

Emergent failed to remediate despite urgent warnings. Documents reveal that the Trump

Administration was aware, prior to awarding the contract in May 2020, of serious deficiencies at
Emergent’s Bayview facility that could impact manufacturing. In July 2020, AstraZeneca personnel

raised CONCerns to Eme;geut about the need to remediate these deﬁciencies before startiug

prgpa:red for ccmlmereml manufa-:turmg as thmgs stand ::urre_-ntI};i and yet we Wﬂl sta:rt commercial
manufacture [sic] there very soon.” Internal Johnson & Johnson communications from October
2020 show that Emergent had strupgled to maintain quality standards and that it was “unclear™ if
the site was ready for commercial manufacturing and to * effeetively manage all the remediation

efforts.” An outside conmltant to Emergent provided a stark warmncr in November 2020 with

Inexperienced staff and high staff turnover contributed to vaccine contamination. The
mnvestigation revealed that Emergent acknowledged 1n Tuly and Angust 2020 that their sfaff were
msufficiently trained. noting that “most temporary employvees [have] little or no pharmaceutical
experience.” In November and December 2020, following persistent issues with contamination,
AsfraZeneca sent teams to Bayview because Emergent “lacked the appropriate level of knowledge
or expertise.” Ultimately, AstraZeneca concluded that “poor cleaning was part of the root cause ™

.5, House Commuttee on Oversight and Reform: Commmuttees” Report on Emergent BioSolutions Uncovers
Extensive Vaccine Manufacturing Failures, Deliberate Efforts to Hide Deficiencies (May 2022);
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MINIMUM CMC REGULATORY COMPLIANCE CONTINUUM
3 Interactive Components

CMC
REGULATORY

QUALITY SYSTEM | <) -

Caution with Risk-Based Approaches (RBAs): Relevant Experience Needed!

—
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Wustration of Establishing Acceptable Risk Level

Y
- ! B Cation-Exchange
Bioburden (Q12085)
Endotoxin (Q12008) (SPXL resin)
Question Posed to CMC Team Bioburden (Q12065) mehabiz —
Why does QC need to test for bioburden/endotoxin Endotoxin (Q12008) L
o ' Titer (Protein G) (Q12497) Lhromalography
at each purification step? Is that cost effective? , Hi-Proovi resin
- UV Spec Scan (Volumetric) Q12044 (Hi-Propyl resin)
Why not just test only at the Drug Substance stage? ||
. Y
Bioburden (Q12085) - Mixed-Mode lon-Exchange
Endotoxin (Q12008) —— Chromatography
UV Spec Scan (Volumetric) Q12044 | “{Abxresin)
. Y
— E:?db;[)dx?: Drug Substance
\
Risk Assessment (QA/ QC/ Mfg/ Dev/ Reg Affairs):
+ highest severity if we only test at the DS?
—

« statistical probability that a problem/ patient harm could occur?
+ perceived probability that a problem/ patient harm could occur?




What possible problem/ patient harm could occur?

not tested Cell wall
Exotoxins are
produced and
°, released by gram-
e o positive bacteria
as part of their
Exotoxin ——@ | .. growth -and
°*o° - metabolism.

I‘

tested Endotoxin Endotoxins are a

portion of the outer
L cell wall of gram-
negative bacteria. As
I bacteria die, the cell
\ wall breaks apart and
endotoxins are
Y released.

Staphylococcus aureus can release toxins

~ that cause cytokine toxic shock syndrome

QC only tests for that which is
expected to be present!

Bioburden/endotoxin testing
serves as a monitor for what we
don’t or can’t test for!

Might we miss a high level of
excreted exotoxins at an
in-process purification step if
not bioburden/endotoxin tested?

(patient safety)

Might we miss a high level of

excreted peptidases at an
in-process purification step if
not bioburden/endotoxin tested?

(shelf life instability)

Regulatory authorities usually have a scientific reason/experience
behind what they expect a manufacturer to do!
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@ _ . L
|CH International Council for Harmonisation USA/EU/Japan + 15 other members
harmonication for better health + 20 observers

Two Strategic Risk-Based Quality Approach Guidelines
ICH Q8(R2) Quality by Design (QbD) 2006

“to design a manufacturing process to consistently deliver the intended performance of the product”

Quality by Design (@hD )

A systematic approach to development that heging with predefined objectives and
emphasizes product and process understanding and process control, based on sound
science and quality risk management.

From a strategic viewpoint, how important is your Process Development and Analytical
Development groups in the development of the biological manufacturing process?

Cell line development in preparation of a MCB
Cell culture optimization for enhancing productivity
Process purification design in controlling the impurity profile
Characterization of the product to understand its functionality
Selection/development of relevant and appropriate test methods

Do they understand that what they do impacts clinical development or market approval?
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Two Strategic Risk-Based Quality Approach Guidelines

ICH Q9(RY) Quality Risk Management (QRM) 2023

Quality Risk Management:

A systematic process for the assessment, control, commumeation and review of risks

to the quality of the drug (medicinal) product across the product Mecycle

From a strategic viewpoint, how important is it to identify and then seek to mitigate risks
that could impact the development of the biological manufacturing process?

QRM
project management tools

QRM
statistical analysis tools

Risk Ranking and Filtering (RRF)
Failure Mode Effects Analysis (FMEA)
Preliminary Hazard Analysis (PHA)

Control Charts (Shewhart)
Process Capability Analysis (Cpk)
Design of Experiments (DOE)

v
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OFAT - ‘one factor at a time’
works for simple processes — chemical drug synthesis

B Chemical Synthesis Vessel L
3 Process
2 Levels Parameters Levels Process OFAT runs
(L) Parameters (PP) (total number
low temperature
high pressure - 3 8
duration
be
/T ac / i Run A B C
4 c / A
[ 1 _ _ _
I
| 2 + - a
C : 3 = + -
| SRR SEESRREE ab 4 + + 5
i h /. F - — +
-4 (1) &= / A+ 6 + -
- .
r//-/g 4 5 :
: 8 + + +

. . (H) The 22 design matrix
(@) Geometric view




DOE - ‘Design of Experiments’
critically needed for complex processes — biopharmaceutical production

9 Process Parameters
. . . . . LPP
starting seed density Biopharmaceutical Bioreactor
air/gas sparging rate
2 Levels feed composition Levels Process OFAT runs
low feed concentration (L) Parameters (PP) | (total number
) duration after induction 2 9
high feed rate 912
agitation rate
temperature
pH
PDA TR 60-2 Process Validation No lack of DOE instructional videos on YouTube
(2021)
A°A A
@ o Q
o ® QO | =—p °
Will you get full understandiing of the Q o P
manufacturing process with DOE? E E
Can you get adeguate understanding of the
manufacturing process with DOE? : : :
Full factorial Fractional factorial
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Regulatory Authority recommended Risk-Based Approach (RBA) to establish an
adequate and appropriate control strategy for manufacture of the CGT product

Quality by Design (QbD)
ICH Q8(R2)

~——

* Quality Target Product Proﬁq

,‘

* Critical Quality Attributes W

E— e Quality Risk
Management (QRM)

« Critical Process Parameters \ ICH Q9(RY)

. Contm' M s

The ‘language’ of the
regulatory authorities



Target Product Profile (TPP) — the company’s strategic vision
of its future commercial roduct

(why the product is so great; why you should invest in the company)

!

Quality Target Product Profile

A prospective summary of the quality characteristics
of a drug product that ideally will be achieved
to ensure the desired quality o

ICH
Q8(R2)

The QTPP - a project management tool - to guide the direction of development
(shared by all CMC disciplines: Development, Manufacturing, QC, QA, Reg Affairs)

The QTPP - a living document, subject to change as the TPP shifts



MONOCLONAL ANTIBODY

Target Product Profile (TPP)

Indication

N-mab is a humanized IgG1 antibody
intended as a treatment for indolent
nen-Hodgkin’s Lymphoma (NHL)
in an adult population

What guidance does this
QTPP communicate to
the CMC team?

CASE EXAMPLE

Mechanism of
Action (MOA)

The mechanism of action for N-mab
is through binding to a tumor cell
surface antigen, Lymph-1, and
stimulating B cell Killing.

Route of
Administration

Initial: IV administration
Future: SC injection

Quality Targe Product Profile (QTPP)

Sterile liquid formulation

Dosage o .
Form Initial: single-use glass vial
Future: single-use glass syringe
1mL
Dosage .
Strength Initial: 75 mg/mL
Future: 150 mg/mL
. 2-3 year stability refrigerated
Shelf-Life 2-4 week stability at room temperature
Glycosylation (N-glycans)
CQAs to Deamidation (Asn325)
Control Aggregation

Residual HCP impurity

A Quality Target Product Profile (QTPP) as described by the ICH Guideline Q8 (R2) was defined to
ensure that the safety and efficacy of Jemperli could be maintained as described in the Target Product
Profile (TPP). The QTPP for the finished product was refined over time and was used to guide the
product development effort to satisfy clinical and commercial requirements.

a living document

Jemperli dostarlimab 25 February 2021

EMA/176464/2021

GlaxoSmithKline EPAR
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Quality Attribute (QA) — a physical, chemical, biological or
microbiological property or characteristic of the product

(changeable, not static,
impact on patient safety as scientific understanding
about the product increases)

Critical Quality Attribute

A characteristic, property that
needs to be controlled to

o ensure the desired product quality

Q8(R2)

CQA - forces the focus onto those properties or characteristics of the product
that are most important — especially those that are related to patient safety!
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Step 1 of 3: Identify ALL Quality Attributes (QAS)

3 Step Process: Determining which QA’s are CQA’s

monoclonal antibody

breakout

How many Quality Attributes (QA’s) can you identify? read & fill-in table

properties/characteristics

TEAM DISCUSS

>
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Quality Attributes (QA’s) of a mADb

MOLECULAR
PROPERTIES

FUNCTIONAL ACTIVITY
(COMPENDIAL CQAs)

Isoelectric Point
Molecular Weight
Molecular Size
Molecular Charge Profile

Biological Activity(ies)
Immunochemical Binding(s)

PRIMARY AMINO ACID
SEQUENCE &
AMINO ACID VARIANTS

PRODUCT QUALITY
(COMPENDIAL CQAs)

Amino Acid Sequence
C-Terminal Sequence(s)
N-Terminal Sequence(s)

Internal Sequence Variants
Disulfide Bridges

Visual Appearance
(Color, Clarity)
Protein Content
Osmolality
pH
Dose Form

(Liguid — Extractable Volume
Lyophilized — Residual Moisture)

HIGHER ORDER STRUCTURES
(HOS)

SAFETY
(COMPENDIAL CQAs)

Secondary Structure
Tertiary Structure
Quaternary Structure
Thermodynamic Properties
Aggregation

Absence of Adventitious Agents
(Virus, Mycoplasma)
Bacteria, Fungi Control
(DS - Bioburden; DP - Sterility)
Endotoxin
Particulate Matter

GLYCOSYLATION
SITES & VARIANTS

PROCESS-RELATED
IMPURITIES

N-Glycosylation Site(s)
Site Occupancy
N-Glycan Profile(s)
Sialylated Glycans

Host Cellular DNA
Host Cell Proteins (HCPs)
Upstream Residuals
Downstream Residuals

‘compendial’ =
obligatory
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3 Step Process: Determining which QA’s are CQA’s
Step 2 of 3: Rank ALL QA'’s for ‘Level of Criticality’

Risk Ranking & Filtering (RRF)
RISK SCORE = Impact Risk level x Uncertainty Risk level

Impact Risk: 1 — n highest level (n can be 3,10, 20, or ...)
Uncertainty Risk: 1 — n highest level (n can be 3, 10 or ...)

Failure Modes & Effect Analysis (FMEA)

RISK PROFILE NUMBER = Likelihood of Occurrence Risk level
x Severity Risk level x Likelihood of Detection Risk level

Likelihood of Occurrence Risk: 1 — 10 highest level
Severity Risk: 1 — 10 level highest level
Likelihood of Detection Risk: 1 — 10 level highest level

This is the most difficult step!
—

97



What is the weakest link in assigning level of criticality?

Selection of the multi-discipline team
(Development, Manufacturing, QC, QA, RA, etc.)
to decide the consensus on each level of risk assignment

Wrong staff involved (e.g., incompetent, inexperienced)
- wrong outcome!

« SUBJECTIVITY can impact every stage of a quality risk management process, especially the
identification of hazards and estimates of their probabilities of occurrence, the estimation of risk
reduction and the effectiveness of decisions made from quality risk management activities.

» Subjectivity can be introduced in guality risk management through differences in how risks
are assessed and in how hazards, harms and risks are perceived by different stakeholders.

» Subjectivity can also be introduced through the use of tools with poorly designed risk
scoring scales.

+ While subjectivity cannot be completely eliminated from guality risk management activities, it
may be controlled by addressing bias, the proper use of quality risk management tools and
maximising the use of relevant data and sources of knowledge.

« ALL participants involved with guality risk management activities should acknowledge,
anticipate, and address the potential for subjectivity. ICH Q9 (R1)

If you want more than a thick book sitting on a shelf,
provide adeguate resources and knowledgeable people to carry out the task!
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3 Step Process: Determining which QA’s are CQA’s
Step 3 of 3: Set Risk Score threshold for ‘Critical’

MONOCLONAL ANTIBODY
Risk Ranking and Filtering CQA RISK ASSESSMENT
Product Quality Attribute Impact Uncertainty | Risk Score

Non-Glycosylated Heavy Chain 16 5 a0
High Mannose Content 16 5 a0
Sialic Acid Content 12 5 60
Afucosylation 20 3 60
Aggregation 12 5 60
Galactose Content 16 3 48
Residual Host Cell Proteins 12 3 36

CQA 1 Non-CQA |
Residual Protein A 16 1 16
Residual Methotrexate 16 1 16
Oxidation 4 3 12

Residual Host Cellular DNA 2 3
C-Terminal Lysine 2 2 4

Deamidated Isoforms 2 2

National Institute for Innovation in Manufacturing Biopharmaceuticals (NIIMBL): N-mAb — A Case Study
to Support Development and Adoption of Integrated Continuous Bioprocesses for Monoclonal Antibodies
(June2022); www.niimbl.org/Downloads/N-mAb/N-mAb_Versionl.pdf



Process Parameter (PP) — an element of manufacturing process control

(changeable, not static,
impact on CQAs as scientific understanding
about the process increases)

Critical Process Parameter

A process parameter whose variability

has an impact on a CQA, and therefore
needs to be monitored or controlled

ICH
Q8(R2)

CPP - forces the focus onto those manufacturing process parameters
that are most important — especially those that are related to CQA control
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3 Step Process: Determining which PP’s are CPP’s
Step 1 of 3: Identify ALL PPs

Each manufacturing process has many process steps ...
Each process step has many sub-steps ...
Each sub-step has many PPs

CEX ELUTION
process step -—p process sub-steps =—» process parameters (PPs)
Fixed Design Sanitization Process Parameters
Column Resin Neutralization Maximwm Product Load
Bind/Elute Equilibration Column Length
Loading Eluent Compeosition
Wash Eluent pH
— Eluent Flow Rate
Strip Peak Collection Start
Equilibration Peak Collection End
v Storage
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Step 2 of 3: Rank ALL PP’s for ‘% CQA Impact’

*
+ ",' CPP
T ‘1'
: -~
L
- o’ Step 3 of 3: Set % CQA Impact
g o° * threshold for “Critical’
*
O o’
*
X ot
“
‘i
t“‘ gpuuuuuusl
an
1*‘ ,..;---...---Il""-"li Non-CPP
fannuunst®Ql

— Process Parameter (PP) Range —
I I |

£ 3
Target
Lower Validated I Upper Validated
Range Normal Operating Range Range

(NOR) [Batch Record]

A must read before attempting a CQA impact study is an updated and improved mathematical approach to determining
the impact ratio (i.e., the degree of change on a CQA) published by Hoffmann-La Roche/Genentech — Lamerz,J, et. al,
in the PDA Journal of Pharmaceutical Science and Technology, 2022; 76(6), 497-508 102



Additional Guidance on ldentifying CPPs for Monoclonal Antibodies

A-Mab: A Case Study in Bioprocess Development (2009)

(free, downloadable)

https://ispe.orqg/sites/default/files/initiatives/pgli/a-mab-case-study-version.pdf

Table 4.15 Low pH Inactivation

Process Manhll:;arzilrin Worst Case sz:cliuf?:s
g Study : Scientific Rationale
Parameter Target or Conditions Virus
CPP Range Clearance
Lower pH is expected to result in a greater tendency of the
antibody to aggregate and may also result in changes to the
charge variants. The lower pH will enhance the rate
Inactivation. Previous univariate experiments have indicated
pH 3.0£0.1 3.2 3.2-4.0 that antibody precipitation may occur at pH 3.1 or below.
Therefore pH 3.2 was chosen as the lowest pH to assure
precipitation did not occur during the study. The upper limit
was defined by the highest pH studied in inactivation
experiments.
Longer hold times are expected to result in greater
aggregation and may result in changes to the charge variant
profile. Previous experience with the platform process
_ 60 - 120 0-240 15.180 mdmatles that product quah_ty may begin to dete.rlorgte _after
Time : : . 180 minutes at these conditions. In order to gain kinetic data
minutes minutes minutes

on the stability of A-Mab, samples were taken at time points
up to 240 minutes. The maximum hold time was set at the
longest time the antibody could be held at this condition
without loss of acceptable quality
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https://ispe.org/sites/default/files/initiatives/pqli/a-mab-case-study-version.pdf

FDA recommendation on how to communicate CPPs to them
Pre-BLA Meeting Minutes — Vabysmo (bispecific, faricimab) — Genentech — March 29, 2021

manufacturlng process for faricimab, prcwlde the mformatlon fc:r aII attrlbutes
parameters, or controls proposed for routine commercial manufacturing as well
as those evaluated during development and validation, in the tabular format
provided below. Please provide a separate table for each unit operation. The
tables should summarize information from Module 3 and may be submitted either
to Module 1 or Module 3R. Note, this Table does not replace other parts of
Module 3 or impact the nature or amount of information included in those parts of

Module 3.

P:::riﬁ:r y Probosed Range Justification of
i P Assessed . Clinical the Proposed
Operating Range for . Validated i
i During Process Study Commercial
Parameter/ Commercial Range
. Development Range Acceptable
In-Process Manufacturing Studies Range

Control (IPC)

cPP
Non-CPP

PP

TFor example, critical process parameter, key process parameter, non-critical process parameter, as
described in module 3.

2Provide a brief summary description (e.g., “development range”, “validation range”, or “platform
experience”). To link to additional description for justification you may additionally include a link or reference
to the approprniate section of the eCTD with more detail.
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Control Strateqy
A planned set of controls,

derived from current process

ICH and product understanding

Q8(R2)

The Control strategy is much more than just product release specifications!

 ———
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Define the
Quality Target
Product
Profile (QTPP)

ldentify
Potential
COAs

Product Understanding

Process Understanding

Process

Characterzation EShHiSh “IE cﬂl'ltl'ﬂl Etl'ﬂtﬂlﬂ'

“nalytica
Methods

Development
CPPs CRMs PBRs

Sources of .
o Process Material ural
Variab Parameter Attnbute Frnc
Controls

Product History Contraols Controls

Bizk Aszezomient

CRM - critical raw material PBR - production batch record




FDA recommendation on how to communicate the Control Strategy to them
Pre-BLA Meeting Minutes — Vabysmo (bispecific, faricimab) — Genentech — March 29, 2021

2. To facilitate the Adency’s review of the control strategy for faricimab, provide

information for quality attributes and process and product related |mpurlt|es for
the drug substance and drug product in the following tabular format. The tables
should summarize information from module 3 and may be submitted either to
module 1 or module 3K, These tables do not replace other parts of Module 3 or
impact the nature or amount of iInformation included in those parts of Module 3.
Attributes that are deemed to not be critical should also be justified in the BLA
with the reasoning for that categorization.

Critical Quality

s Justification
(Including
i of the
Process and Analytical
Impact Source Proposed
Product Mehtod
Control
Related Strate
Impurities for gy
DS and DP)
CQA RISK ORIGIN

"What is the impact of the attribute, e_g_, contributes to potency, immunogenicity, safety, efficacy.

I0What is the source of the attribute or impurity, 2.g., intrinsic to the molecule, fermentation, protein purfication
colunn.

2List all the methods used to test an attribute in-process, at release, and on stability. For example, if two
methods are used to test identity then list both methods for that attnbute.

4List all the ways the attribute is controlled, e.g., in-process testing, validated removal, release testing, stability
testing.

*Provide a brief verbal description. In addition, yvou may provide links or references to appropriate sections of
the eCTD that provide more detail.
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A taste of QBD/QRM: non-pharmaceutical illustration

‘ QbD/QRM manufacturing of potato chips

T

QTPP - consistent manufactured potato chips
shippable around the world without breaking

As you watch the video

SOURCE MATERIAL

IDENTIFY CQAs
Texture
Shape

Thickness

Container

IDENTIFY CPPS
Pressure

Time in Hot Oil

108



I




QbD/QRM - the LANGUAGE of CMC communication to regulatory authorities
not mandatory during clinical development, but highly recommended (‘expected’) for BLA/MAA

CASE EXAMPLE QTPP, CQA, CPP

'

_| Risk assessments to identify the critical quality attributes (CQAs) of bimekizumab were performed using
an approach aligned with quality by design (QbD) principles described in ICH Q8, 09, 010, and Q11.
Quality attributes were identified based on the quality target product profile (QTPP), knowledge of the

bimekizumab molecule, and information gained during process development and manufacture. No design

space is claimed.

Process evaluation studies using scale-down models, which were verified as representative of the large-
scale manufacturing process, have been performed for the bimekizumab active substance manufacturing

process, to increase process understanding, define the acceptable range for process parameters and to

identify CPPs that have a significant impact on the CQAs of the product.

Bimzelx UCB Pharma  Assessment report 24 June 2021
bimekizumab EMA/393532/2021
Questions??

110



CMC Regulatory Compliance Strategy

for Recombinant Proteins and Monoclonal Antibodies

Course Outline

3. Applying the Risk-Managed CMC Regulatory Compliance

Strategy

« CMC strategy applied across the manufacturing process from:

raw materials

starting materials — production — purification — drug substance
bulk drug substance — (formulation) — drug product

released labeled drug product — administered drug product

(manufacturers do not voluntarily reveal their manufacturing details;

Case examples and references are from public sources

but, FDA and EMA will, after market approval, upload to their
respective websites details of their CMC reviews)
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Applied Risk-Management Across the Manufacturing Process

I

Starting Production Purification
Materials

RAW MATERIALS

>

Drug
Substance

|

|

Substance

Bulk Drug J [Formulation

(Excipients)

Filling

(Container Closure)

Drug
Product

NN

|

|

Product

Drug Clinical Use
Preparation

Patient Administered
Administration Drug Product
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RAW MATERIALS

Raw materials are the reagents and components that come
in contact with the product during manufacturing,

but are not part of the final product

DS UPSTREAM PROCESS (UPS)

cell culture media (proprietary)
fetal bovine serum (FBS)
enzymes (trypsin, nuclease)

Examples: growth factors/cytokines (IL-2, GM-CSF)
antibiotics (gentamicin, tetracycline)
pH controls
antifoam

DS DOWNSTREAM PROCESS (DPS)

surfactants (Triton X-100)
purification buffer/salt solutions
chromatography resins
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< RAW MATERIALS >

Major CMC Regulatory Compliance Concerns of Raw Materials

Impact from raw material batch-to-batch variation on the
the consistency of the manufactured protein-based biopharmaceutical!

Patient safety concerns from contaminants introduced into the
manufacturing process by the raw materials

Patient safety concerns from the raw material residuals
remaining in the final product!

Explains why raw materials for receive attention from regulatory authorities —

114



RAW MATERIALS

| Risk to Product Quality! Risk to Patient Safety!

(1) Listed, (2) Identified, (3) Justified Quality, (4) Suitable for Intended Use — IND/IMPD Submissions
-

Materials used in the manufacture of the active substance (e.q. raw materials, starting materials, cell

culture media, growth factors, column resins, solvents, reagents) should be listed identifying where

each material is used in the process. Reference to quality standards (e.g. compendial monographs or

manufacturers’ 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) meet
standards applicable for their intended use should be provided, as appropriate.

For all raw materials of human or animal origin (including those used in the cell bank generation), the

source and the respective stage of the manufacturing process where the material is used should be

indicated. Summaries of safety information on adventitious agents for these materials should be

provided in Appendix A.2.

concerning biological investigational medicinal products in
clinical trials 27 January 2022
EMA/CHMP/BWP/534898/2008 Rev. 2

9 Guideline on the requirements for quality documentation
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‘Trust, but Verify’ your Vendors

Vendor DMF cross reference (when possible or practical)
Vender Certificate of Analysis

Assess impact of lot-to-lot raw material on process performance
Assess removal of raw material residuals from final product
Audit the raw material vendor

Develop stringent internal specifications

BioPhorum approach to the registration of innovative

raw materials using quality by design principles January 2022

Intended Quality Other
use criteria requirements risk
: assessment
approach
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Applied Risk-Management Across the Manufacturing Process

STARTING Upstream Downstream Drug
MATERIALS Production Purification Substance

Chemical Drugs — ICH Q11

A starting material should be a substance of defined chemical properties and structure. Non-isolated
mtermediates are usually not considered appropriate starting materials. A starting material 1s
incorporated as a significant structural fragment into the structure of the drug substance.
“Significant structural fragment” in this context is intended to distinguish starting materials from
reagents, solvents, or other raw materials.

Recombinant Proteins/Monoclonal Antibodies — ICH Q11

Cell banks are the starting point for manufacture of biotechnological drug substances and some
biological drug substances. In some regions, these are referred to as source materials; in others,
starting materials.

Cell banks contain the genetic capability of producing the biopharmeceutical
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Why have a cell bank?

2.2. Cell Banking

One of the most important advantages of using serially subcultivated cells to produce
biotechnological/biological products 1s the ability to have a characterised common
starting source for each production lot. 1.e.. the preserved bank of cells. Manufacturers

may prepare their own cell banks. or mayv obtain them from external sources.
Manufacturers are responsible for ensuring the quality of each cell bank and of the
testing performed on each bank.

Development sl Viaster Cell Bank

Genetics (MCB)

(get this wrong, and you
have major problems!)
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Development Genetics

(Step 1 of 2) Stitching together the genetic components

genetic material that contains the capability larger piece of DNA (e.g., plasmid, virus)

of producing the desired structure/product; that contains promoters, enhancers and
other genetic pieces to allow the gene to

{genes can be further genetic engineered) function and survive within a foreign host

GENE VECTOR

expression construct
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expression construct L WING HOST

Host Cells Most Common
Bacterial E. coli
Yeast Pichia
Transduction (virus) Mammalian CHO
Transfection (plasmid) Human HEK293

Transformation (electroporation)

A

@ 1,2, ...n
7

not 1 recombinant host cell, but 1000s
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Development Genetics

(Step 2 of 2) Preparing the Cloned Cell Substrate

o CLONING Selection of 1
@ 2, ... ———) | recombinant host cell

- 7

not 1 recombinant host cell, but 1000s

................. » MC
aliquot .
expand
also called the : aliquot
Research Cell Bank (RCB) ¥
WCB
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Clonality is the regulatory authority expectation for the MCB

MCB (Master Cell Bank). An aliquot of a single pool of cells which generally
has been prepared from the selected cell clone under defined conditions,
dispensed into multiple containers and stored under defined conditions.

The MCB is used to derive all working cell banks

ICH Q5D (1997) EC GMP Annex 2 (2018)

Usiing a cell line derived from a single progenitor minimizes the variability of the starting
cryopreserved cell population, which would be anticipated to have the effect of minimizing
product heterogeneity. However, sustained culturing of immortalized cells can result in
genetic alterations, which may be further exacerbated by amplification procedures.
Therefore, it is not feasible to term a population as truly genetically homogeneous following
sustained culture. Despite this, the reason for generating a clonally derived cell line relates
to the ability of a controlled process to produce a consistent product with minimal
heterogeneity. Thus, for these reasons, any adaptations (e.g., switching to serum-free
conditions) should be considered prior to cloning. In contrast, use of an entirely non-clonal
cell population as a starting point may give rise to outgrowtt of a subpopulation of cells
that generate products with different CQAs. For instance, this could affect glycosylation,
which could then impact the mechanism of action if the product is an antibody that
functions by antibody-dependent cell-mediated cytotoxicity (ADCC) or complement-
dependent cytotoxicity (CDC). Likewise, a different population with a different integration
site might have altered expression levels, growth metrics, and stability, which could have
the potential to lead to drug shortages if a cell bank is no longer performing as expected.
Such adverse end points could be exacerbated in conditions where cell culture parameters
or raw materials have been altered in a way that places selective pressure on the system.

USP <1042> PF 47:1 (April 2023)
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“A clone of Einstein wouldn’t be stupid, but he wouldn’t necessarily be any genus either,”

a guote ascribed to James D. Watson, co-discoverer of the structure of DNA

Three General Screens in Clone Selection

Pool generation
Stable transfection (Fluorescent marker)

Multichannel
monoclonality tracing

F¥

Cell banking
(Best clones)

T Bioproduction

T

........

)
e0e®

—) | 900

Selection,

Thousands of
Single cell printing single cell clones Screening plates

Confluence tracking

adaptation &
expansion of
clones

LIMITING DILUTION CLONING (LDC)

LDC - cells are plated at a low density,
ideally <0.5 cells/well in a 96-wellplate, with
the aim of obtaining only 1 cell in a well
from which progeny can grow.

Two rounds of LDC provide an
approximately 99% probability that
the cell line will be monoclonal.

AUTOMATED
Clone Plating, Image Screening, Picking

A

[ Screen 1
PRODUCITIVITY OF SINGLE CLONE
Limiting dilution (x2)
Limiting dilution (x1 + imaging)
Single cell deposition + imaging

A

[ Screen 2 !

QUALITY OF CLONE
Screen 3

STABILTY OF CLONE
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QUESTION: Which clone would you select to replace an existing Master Cell Bank? Why?

Heavy Chain  |IRARGE 97.6 98.0 98.1 97.9 97.7 97.7
NSl | Pyroglutamic acid 2.4 2.0 1.9 2.1 2.3 2.1
Heterogeneity ! 3VHS <0.1 <01 <01 <0.1 <0.1 0.2
Heavy Chain Unmodified 87.9 81.7 90.3 83.9 92.0 89.1
(e I Amidated proline 0.7 0.7 0.8 0.7 0.4 0.6
Heterogeneity ! [FSNESIny N 8.9 12.9 7.0 11.5 5.9 8.2
Light Chain Unmodified 88.4 89.5 89.3 87.3 88.1 89.2
N-Terminal 3VHS <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Heterogeneity * R RSETE 113 10.4 103 124 113 10.6
GOF 66.4 65.7 79.8 66.6 69.0 70.4

GIF 22.6 214 153 23.7 24.9 212

G2F 2.1 2.2 0.9 2.2 23 18

N-Glycans 2 GO 2.9 2.3 23 2.0 1.7 1.7
GOF minus GlcNAc 1.1 2.1 0.3 1.0 <0.1 0.6

Mans 29 3.8 0.2 26 05 12

Aglycosylated 2.0 2.5 1.2 1.9 1.6 3.1

One trisulfide 35 36 29 31 Trace ND
Two trisulfides 17 20 11 13 ND ND

1. Determined by [ C/MS/MS-peptide mapping
2. Determined by LC/MS-3-part subunit analysis
3. Determined by LC/MS — intact mAb analysis

@ WORLDWIDE RESEARCH & DEVELOPMENT  ND = not detected
BioTherapeutics Pharmaceutical Sciences N/A = not a,opfr’cabfe
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‘Principles of GMP’ recommended during development genetics stage
(gene — cloned cell substrate)

7N, World Health
%Y Organization

1
! Figure 1. Application of this guide

development genetics stage
Early research — Research — Development/formulation — Registration batches

Increased compliance with Good Manufacturing Practices®

*The principles described in this guideline are applied, based on risk management principles, in an

increased manner from early research to development to registration batches

WHO good practices for research and development Working document QAS/20.865/.Revl
facilities of pharmaceutical products July 2021

Example of ‘principles of GMP’

Quality management system (rather than a Quality Unit)

Adegquately trained staff

Documentation (and adequate record keeping) [emphasized by ICH Q5D] —>
Self-inspection

basic common sense principles!
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Development Genetics — Importance of Documentation!
Warning! Don’t get it wrong here (long before clinical trials begin)

Tl

It 1s 1mportant to provide supportive documentation which describes the history of the
cell substrate that 1s used 1n the manufacture of a hiotechnological/biological product,

as well as any parental cell line from which 1t was totally or partially derived. Events

during the research and development phases of the cell substrate may contribute

sienificantly to assessment of the risks associated with the use of that particular cell

substrate for production. The information supplied 1n this regard 1s meant to
facilitate an overall evaluation which will ensure the quality and safety of the

product.

Careful records of the manipulation of the cell substrate should be maintained
throughout 1ts development. Description of cell history 1s only one tool of many used
for cell substrate characterisation. In general, deficiencies in documented history may
not, by 1tself, be an 1mpediment to product approval, but extensive deficiencies will
result 1n Increased reliance on other methods to characterise the cell substrate.

ICH Q5D

Development Genetics is carried out by the Development Group
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l I Prepared under Principles of GMP I

Cloned Cell Substrate

l I Prepared under cGMP I

Master Cell Bank (MCB)

the expanded cell substrate Is aliguoted into multiple containers

(typically 200+ aliguots) and stored under defined long-term conditions
(MCB can provide up to 200 production batches)

l I Prepared under cGMP I

Working Cell Bank (WCB)

1 aliguot of the MCB is expanded and then aliguoted into multiple

containers (typically 200+ aliquots) and stored under defined conditions
(MCB + WCB can provide up to 40,000 production batches)
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MINIMUM CMC Regulatory Compliance CONTINUUM
applied from development genetics to the Master Cell Bank (MCB)

Regulatory authority focus Regulatory authority focus
to enter clinical development to enter market approval

“What’s the big deal?”

“Since our Master Cell Bank has been allowed by a regulatory
authority to be used to manufacture our clinical trial studies,
that MCB must also be acceptable for commercial manufacturing.”
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MINIMUM CMC Regulatory Compliance CONTINUUM

applied from development genetics to the Master Cell Bank (MCB)

Regulatory authority focus
to enter clinical development

Regulatory authority focus
to enter market approval

CMC Deftails Required in Filings

BRIEF description IND/IMPD

DETAILED description in BLA/MAA
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Description in IND/IMPD for clinical development vs ...

Source, history and generation of the cell substrate

A BRIEF description of the source and generation (flow chart of the
successive steps) of the cell substrate, analysis of the expression vector
used to genetically modify the cells and incorporated in the parental / host
cell used to develop the Master Cell Bank (MCB), and the strategy by which
the expression of the relevant gene is promoted and controlled in
production should be provided, following the principles of ICH Q5D.

Cell bank system, characterisation and testing

A MCB should be established prior to the initiation of phase | trials.
It is acknowledged that a Working Cell Bank (WCB) may not
always be established.

Guideline on the requirements for quality documentation
concerning biological investigational medicinal products in
clinical trials

27 January 2022
EMA/CHMP/EWP/534898/2008 Rev.2
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... vs Description in BLA/MAA for market approval

Gene Construct — A DETAILED description of the gene which was introduced
into the host cells, including both the cell type and origin of the source material,
should be provided...The complete nucleotide sequence of the coding region

and regulatory elements of the expression construct, with translated

amino acid sequence, should be provided, including annotation

designating all important sequence features.

Vector — DETAILED information regarding the vector and genetic elements

should be provided, including a description of the source and function of the
component parts of the vector, e.g. origins of replication, antibiotic resistance

genes, promoters, enhancers.

Final Gene Construct — A DETAILED description should be provided of the
cloning process which resulted in the final recombinant gene construct.

The information should include a step-by-step description of the assembly

of the gene fragments and vector or other genetic elements

to form the final gene construct.

FDA Guidance For Industry For the Submission of Chemistry, Manufacturing ,
ADMINISTRATION and Controls Information For a Therapeutic Recombinant DNA-Derived Product
or a Monoclonal Antibody Product For In Vivo Use (August 1996)

(Y U.S. FOOD & DRUG

But genetic development took place before FIH studies, a long time ago
— do you know where your ‘detailed’ information is?
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MINIMUM CMC Regulatory Compliance CONTINUUM
applied from development genetics to the Master Cell Bank (MCB)

Regulatory authority focus Regulatory authority focus
to enter clinical development to enter market approval

CMC Details Required in Filings
brief description IND/IMPD detailed description in BLA/MAA

Level of CMC Regulatory Review

limited, single CMC reviewer thorough, team CMC reviewers
patient safety focus patient safety focus

+ manufactured product consistency
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Level of CMC review of IND/IMPD for clinical development

Although CDER acknowledges its review responsibilities,
it does not have unlimited resources to review all submissions
with the highest level of scrutiny in short time frames.
CDER review staff must prioritize
their workload and evaluate individual submissions
in the context of their place in drug development...
review of a new IND focuses primarily on SAFETY....

Patient safety focus

absence of adventitious agents
+

correct identity of genetic components (gene, vector, host)

FDA CDER Manual of Policy and Procedures (MAPP): MAPP 6030.9 -
Good Review Practice: Good Review Management Principles and

Practices for Effective IND Development and Review (Feb 2017) 133



regulatory authority perspective of ‘clonality’

Reviewer Considerations for Clonality at the ﬂ
IND staEe

At the IND stage, reviewers will do a initial assessment
of the information provided about the clonality of the
MCB. If significant deficiencies are noted, then the
appropriate comments will be communicated.

Lack of assurance of clonality is not necessarily a hold
issue.

Considerations at the BLA stage

Adequate assurance of clonality should be provided at the time
of the BLA submission.

Having low assurance of clonality of the MCB at the time of

licensure does not necessarily preclude approvability of the
application.

Augmentation of the control strategy could be an acceptable

approach to managing a non-clonal MCB for licensure.

R. Novak, CDER, WCBP 2017 134



AUGMENTATION of the Control Strategy
(not a desired position to be in)

* Some strategies that have heen implemented:

— Adding additional specifications (LC-MS/MS for Sequence Variants,
Glycosylation despite not impacting MOA, etc.)

— Tighter limits on the limit of in vitro cell age

— Establishing additional critical process parameters (growth parameters
escalated to CPP)

— Trending and Statistical Process Control

— Additional risk assessment for changes in critical raw materials (media,
components, etc.)

— Tighter controls for re-qualification of a new WCB

R. Novak, CDER, WCBP 2017
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CASE EXAMPLE concern about clonality of MCB
absence of documented proof at BLA review stage

Monoclonal antibody produced by CHO Ultragenyx

A formal cloning procedure was conducted only once. Therefore, there is
residual uncertaiinty for the monoclonality of burosumal MCB.

The specifications for burosumab drug substance and drug product are
acceptable to ensure adequate guality and safety for the initial marketed product.

Assurance of the monoclonality of the burosumab MCB will reduce the risk of
the generation of product variants and ensure the consistency of
product gquality throughout the product life cycle.

Conduct studies to further characterize the burosumalb master cell bank (MCB)
and to support the monoclonality of the MCB.

FDA Drugs - Search Drugs@FDA: FDA Approved Drug Products: Crysvita (Burosumab-
twza) — Approval History, Letters, Reviews and Related Documents — Other Reviews —
PMR/PMC Development Template: Product Quality (CMC) — PMC #1 (April 17, 2018)

Concern was to be resolved as a post-market approval BLA commitment 136



MINIMUM CMC Regulatory Compliance CONTINUUM
applied to development genetics and the Master Cell Bank (MCB)

Regulatory authority focus Regulatory authority focus
to enter clinical development to enter market approval

CMC Details Required in Filings

brief description IND/IMPD detailed description in BLA/MAA

Level of CMC Regulatory Review

limited, single CMC reviewer thorough, team CMC reviewers
patient safety focus patient safety focus

+ manufactured product consistency

Assurance of Continued Product Supply |

N/A required
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CMC requirements for commercial manufacturing

assurance of continued supply with MCB/WCB

No upside to a regulatory authority to grant market
approval if product cannot be manufactured!

Manufacturers should describe their strategy for providing a

continued supply of cells from their cell bank(s), including
the anticipated utilization rate of the cell bank(s) for production,
the expected intervals between generation of new cell banks,....

ICH Q5D

Be cautious, assume worst case (double your calculated utilization rate!)

What is an acceptable MCB/WCB inventory level? 40, 20, 10 years, ?
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CMC requirements for commercial manufacturing

assurance of long-term MCB/WCB stability

Evidence for banked cell stability under defined storage conditions
will usually be generated during production of clinical trial material
from the banked cells. Available data should be clearly
documented in the application dossiers, plus a proposal for
monitoring of banked cell stability should be provided.

The proposed monitoring can be performed at the time that one or
more containers of the cryopreserved bank is thawed for
production use, when the product or production consistency is
monitored in a relevant way, or when one or more containers of the
cryopreserved MCB is thawed for preparation of a new WCB (and
the new WCB is properly qualified), as appropriate.

ICH Q5D

A WCB stability timepoint is obtained every time
a WCB is thawed to initiate a cell culture batch — viability/ DS quality

But, when was the last time you checked the stability of your MCB?
(before initial freeze, after initial thaw, first WCB, 7??7? >
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So how frequent should the MCB be tested for stability?
One answer

» There is no regulatory authority guidance on the frequency of stability
testing for a MCB, so CMC consultants have typically recommended
every 4-5 years (or more frequent if a short clinical development period) —
the goal is to have a spread out regression line fit for the stability graphs

» However, the FDA indicated their preference on the MCB frequency of
stability testing in a communication to Genentech during the market
approval of the CHO-produced monoclonal antibody, Perjeta:

Conduct stability studies of the Master Cell Bank at
more freguent intervals than the currently proposed
10 years. Submit Interim Reports every four years
and the Final Report after 20 years.

FDA Drugs — Search Drugs@FDA: FDA Approved Drug Products:
Perjeta (Pertuzumab) — Approval History, Letters, Reviews and
Related Documents — Market Approval Letter (June 08, 2012)
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CMC requirements for commercial manufacturing

one critical GMP feature: a secure catastrophic event plan

To ensure continuous. uninterrupted production of pharmaceuticals, manufacturers
should carefully consider the steps that can be taken to provide for protection from
catastrophic events that could render the cell bank unusable. Examples of these
events include fires, power outages and human error. Manufacturers should describe
their plans for such precautions: for example, these may include redundancy 1n the
storage of bank contamers m multiple freezers. use of back-up power. use of

automatic lquid mtrogen fill systems for storage units, storage of a portion of the
MCB and WCB at remote sites, or regeneration of the MCB.

ICH Q5D
What catastrophic event might happen where your MCB is stored?

—
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UCERF3

Uniform California Earthquake Rupture Forecast (Version 3)

108
"i % Three-demensional perspective view of the Belihcod
> P that each region of California will experience a
\ : magnitude 6.7 of larger earthquake in the next
23N A IEMED R A 30 years (6.7 matches the magnitude of
the 1994 Northridge earthquake, and

30 years is the typical duration

region.

Los Angieny & A
region !",c’l\\\ ot

11000

1100 110 3 . . boundary

JO-year M 267 likedihood
(parcant)

Faults are shown by the rectangles cutiined in black. The entire colored area represents greater
Califorria, and the white line across the middie defines northern versus southern Calformia, Results
do not ndude sarthguakes on the Cascadis Subduction Zone, a 750-mde offshare fault that extends
about 150 mibes into Califomia from Oregon and Washington to the north, 142



Applied Risk-Management Across the Manufacturing Process

Starting UPSTREAM DOWNSTREAM Drug
Materials PRODUCTION || PURIFICATION Substance

Recombinant Protein/
Monoclonal Antibody

. Recombinant Protein/
Recombinant Cell Bank )
(Aliquot Thaw) Monoclonal Antibody

Cell Expansion in Bioreactor

/ Harvested rProtein/mAb
(Increasing Size, Suspension) / Chromatography/Filtration

Concentra}ionIBuﬁer
Exchange

Induction of Protein Expression

rFrotein.-‘m:&b Harvest /
0.2 Micron Filtration

Bulk DrugVSubstanr;e
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UPSTREAM PRODUCTION (USP) BY CELL CULTURE
Fed-Batch Cell Culture

STEP 1

Thaw of Working Cell Bank
(WCB)

|

Complexity of Cell Culture media (frequently proprietary)

Seed Culture Expansion
(shake flasks/bags)

— |

STEP 2

STEP 3

Nutrient Feeds =—p
Glucose Feeds =——p

Seed Culture Expansion
(fixed stirred bioreactors)

|

N-1 Seed Culture Bioreactor
(~20% volume of next stage)

Inorganic salts (sodium. phosphate) to maintain osmotic balance

Amino acids for cell growth

Carbohydrates as a main source of energy for the cells
Fatty acids and lipids for cell membrane synthesis

Vitamins for cell growth

Trace elements for the growth and biological functions of cells
Anions (phosphate. nitrate, sulfate. chloride) as sources of energy
Buffering agents to maintain correct pH conditions to support optimum growth

Growth factors to promote cell growth

Peptones and hydrolysates to enhance cell growth and titer
L-glutamine to support cell growth and protein synthesis

Antibiotics to minimize contamination

}

Production Bioreactor

|

Harvest

there also is perfusion cell culture production

Upstream Production
Parameters to Vary

Upstream Production
Outputs to Measure

Cell passage number

Viable cell density

Initial seeding density

Viability

Nutrient feed amount

Recombinant protein titer

Nutrient feed timing

Glucose level

pH operating range

Lactate level

Temperature operating range

Ammonia level

Temperature shift timing

Dissolved oxygen level

Product characteristics
(e.g., glycosylation)
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Need more monoclonal antibody — scaleup _____ 14 S0t S0t
or scale out cell culture production! T 12
or increase cell productivity : : § 10
M = = c 8
- o 5,000 L
o 6
S
g ’ 000 L
2 //15
0 T T T T T 1
025 05 1 2 4 8 16 32 64

Clinical Production (kg/phase)

===b0 L =500 L ===2,000 L
' .

5000L ===15,000L

Sl

SAMSUNG BIOLOGICS

>30 15K L bioreactors



But, don’t let the USP ‘predictability’ lull you into not confirming the
science for your seed expansion — protein production culture process

AN\

ADET ———

ambr® 15 Vessel Features

15mL 2,000 mL

Feed port
Sample port

Impeller drive
Sparger

pH sensor

Impeller

DO sensor

Process parameters to vary: incubation temp, DO, induction day, feed times, pH, ...
Qutputs to measure: VCD, % viability, protein titer, glucose, lactate, ammonia, ...
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2 Challenges in Upstream Production by Living Cells
#1 Replacing a Working Cell Bank: Should there be any surprises?

MINIMUM CMC Regulatory Compliance CONTINUUM

during clinical development ...

Cell bank system, characterisation and testing

A MCE should be established prior to the initiation of phase I trials. Itis acknowledged that a Working
Cell Bank (WCB) may not always be established.

Information on the generation, gualification and storage of the cell banks is required. The MCE and/or
WCRE if used should be characterised and results of tests performed should be provided. Clonality of the
cell banks should be addressed for mammalian cell lines. The generation and characterisation of the
cell banks should be performed in accordance with the principles of ICH Q3D,

Cell banks should be characterised for relevant phenotypic and genotypic markers so that the identity,
viability, and purity of cells used for the production are ensured.

The nucleic acid sequence of the expression cassette including sequence of the coding region should be
confirmed prior to the initiation of clinical trials.

As for any process change, the introduction of 3 WCB may potentially impact the quality profile of the

active substance and comparability should be considered (see section 5.2.6. Manufacturing process
development).

Guideline on the requirements for quality documentation

concerning biological investigational medicinal products in 27 January 2022
clinical trials EMA/CHMP/BWP/534898/2008 Rev. 2

Not specifically what to test for, but tihhe need to at least check for no guality impact
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MINIMUM CMC Regulatory Compliance CONTINUUM
... for market approval

Replacement WCBs prepared using procedures equivalent (as described in the license) to those used to generate the

previously approved WCB must meet all specified requirements [e.g., certificate of analysis (CoA) testing] but require no further
evaluation under a validation protocol. When the new WCB is a "“like-for-like" replacement, the WCB can be implemented after
meeting the following criteria:

1. The new WCB must meet all cell bank release testing criteria, including tests for freedom from adventitious agents.

2. Prior to at-scale manufacturing, the WCB should be evaluated using scale-down cell culture tests from thaw through
production culture to confirm cell culture performance. A minimum number of independent thaws should be included in
the evaluation.

3. The scale-down cell culture evaluation criteria should include cell culture process key performance indicators (KPIs) and
relevant product attributes and/or CQAs. For example, the KPI assessment may include specific growth rate and final
viabilities for seed and inoculum train passages, final production culture viability, and final product titer. Product quality
assessments may include purity, size-exclusion chromatography (SEC), and lon-exchange chromatography (IEC) assays.
The evaluation criteria can be based on 95% confidence/99% probability tolerance intervals (95/99 TIs) generated using
representative data available at the time the evaluation is performed (where appropriate). Results outside the evaluation
criteria should be justified or further assessed using additional cell culture studies and/or product attribute testing.

4, The new WCB should produce manufacturing-scale material that meets all specified DS release testing requirements. A
DS manufactured from a replacement bank may not need to be on stabllity protocal, but requires a CoA.

The release of batches derived from the new WCB would be predicated on successfully completing all the above-mentioned
criteria and reporting the new WCB to the health authorities. USP <1042>
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So a bit surprising that a WCB instability was not identified
until the FDA was on site performing a PLIV

WCB, CHO cell line producing a mAb Genentech

A pre-approval inspection (PAI) for perfuzuma) drug substance manufacture was performed at the
Vacaville (VV), CA factlity from March 20 to March 28. 2012 by BMT reviewer Bo Chi (Lead), BMT

tratnes Qg ZLou, product reviewers Kathryn King and Laurie Grahiam and an mspector from the San
Francisco District, Lance DeSouza. VV is responsible for the manufacure of pertuzumab drug substance
and for DS QC testing, AMMMMMWMMMM 1)
The environment of O Sheli where pernuzmabis mamfacnred i
fiot maintained in a clean and sanitary condtion; 2) There 15 a lack of assurance that water used 1n

00 is suitble for s intended use; 3) Equipment lezning validtion sudies are inadequate; 4)
[here 15 a lack of systematic oversight of the DCS (distributed control system) used to monitor and
control process pmformance ) Quality oversight of documentafion 1s madequate; 6) There 1s inadzquate
control of raw materials &ddlllUll whtlf: 1115uccuuu the facility, it dl&tOVﬁlCd (hat the Sg}oﬂsul Was
ol 10US 165UES '
manufacture pernizumab. At the time of mspection, the oot caust mvestigation as ongoing and no o0l
case had been dentifed, although data uggested instebiliy of WCB VTR ™ i under he

The 483 items cited on this inspection could generally be classified as VAI (voluntarily action indicated),
the deviation and follow up data supplied from the firm related to their inability to successfully thaw
and grow cultures from their working cell bank lead us to concur with the

recommendation to withhold on this application by Division of Menoclonal Antibodies. n—

FDA CDER - Drugs@FDA: FDA Approved Drug Products: PERJETA (Pertuzumab) —
Approval Date(s) and History, Letters, Labels, Reviews for BLA 125409 — Review:
Chemistry Review(s) — Product Quality Review Data Sheet (May 31, 2012)

150



Inoculum Train Multiple Passages @
in Non-Selective Medium \/
Seed Train AL r

Multiple Passages in e ™~
Selective Medium

What is the
significance of the
first process step?

Summary Review for Regulatory Action

The mnitial and continued major concern in regard to this 1ssue 15 whether Genentech has a
validated process and can consistently manufacture pertuzumab with product quality

characteristics comparable fo that used in therr climical trials, Given the ongoing failures with the
current working cell bank, Genentech has not vet demonstrated a consistent process that would

ensure confimed supply of commercial material. —_—
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CHEMISTRY REVIEW(S)

Based on the understanding that the applicant has refused to make this product more widely
available to patients prior to licensure while the manufacturing issues are being addressed, the
clinical review office has indicated their intent to approve this product within a time frame
consistent with the PDUFA deadline and to resolve outstanding manufacturing issues post-
licensure. To the knowledge of the CMC review team. the mitial licensure of a biological
product under a BLA without concurrent approval of the manufacturing facility and the
manufacturing process 1s unprecedented. This approach was agreed upon by the CDER Director.
Therefore, DMA partictpated m the drafting of PMRs as the only mechanism available to
mutigate risks to product quality from a process which lacks adequate validation.

FDA Clinical

Team - - Team 152



2 Challenges in Protein Production by Living Cells

#2 Sequence Variants and LIVCA: Genetic Instability Happens!

Central Dogma of Molecular Biology — not 100% fidelity within the living cell!

CHO Cell

Plasmid Protein

Synthesi
ynmesis Processing &

W Secretion

Mutation in plasmid N, ‘[ Mistranslation / I
DNA Hutation In Aberrant (misreading of C-terminal lysine
genomic splicing, codon, mischarged B cleavagi
Transcription i tRNA) . Proteolytic clipping
G2 worowis resdgen & DeveLopMENT  SrTOrS  Misincorporations
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Genetic infidelity is more common than previously thought!

Biopharmaceutical Industry Practices for Sequence Variant
Analyses of Recombinant Protein Therapeutics

JOHN VALLIERE-DOUGLASS™, LISA MARZILLF, APARNA DEORA®, ZHIMEI DUP, LUHONG HE®,

SAMPATH R. KUMAR®, YAN-HUI LIU*, HANS-MARTIN MUELLER", CHARLES NWOSU®, JOHN STULTS®,
YAN WANG'®, SAM YAGHMOUR™, and YIZHOU ZHOLP

“Seattle Genetics Inc., Bothell, WA; EFJI'}: er Inc., Andover, MA ; ';Fﬁza'r Ine., Chesterfield, MO Merck & Co., Inc.,
Kenilworth, NJ: “Eli Lill v & Company, Indianapolis IN; *Takeda Pharmaceuticals, C ambridge, MA; ‘Merck Sharp &
Dovhmie ACr, Lucerne, Switzerland ; Genentech Inc. . Sonth e F ranciseo, CA; gﬂ‘fﬂg{'n Ine., Cambridge, MA; 107 ke da

Pharmaceuticals, Lexington, MA ; and HAm gen Ine., Thousand Oaks, CA © PDA, fnc. 2019

frequency of transgene mutation

plasmid — genomic DNA
(5-20%)

frequency of misincorporation

mRNA codon — amino acid
(5-30%)

PDA J Pharm Sci and Tech 2019, 73 622-634

amino acid supplementation during cell culture). When

respondents were asked about the frequency with
which cell lines (clones) were found to carry genetic

mutations in the recombinant transgene, the range in

the responses varied considerably, from 5% to 20%.
Similarly, when asked about the frequency with which

misincorporation was observed in samples submitted

for SVA, respondents indicated that it (misincorpora-
tion) was observed in 5%-30% of samples that were

analyzed. As indicated previously, 6 of 11 respondents

used NGS to detect mutations in the DNA of the

recombinant protein/transgene. Although NGS is not
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According to the industry survey —

What if protein sequence variants are detected?
I in new cell line at > 1% protein sequence variants — discard

If in establisihed cell line , need to develop a robust strategy
to address any quality issue

Case Examples

Samsung Biosimilar to Avastin (Genentech) Aybintio bevacizumab EPAR E;j}‘;"goiii?@m

Of importance, the presence of additional C- and N-terminal sequence variants was observed in SBS,
but not in EU Avastin. It was highlighted that the presence of sequence variants at low levels may have
unanticipated safety consequences that were not apparent in the clinical studies. Consequently,
potential safety risks from these sequence variants have been discussed by the Applicant. Thus, these

sequence variants are considered as product-related impurities which need to be strictly controlled by
an appropriate control system, and the recommendations regarding the control strategy were given.

ber
(IgG1) based bhispecific antibody Rybrevant amivantamab EPAR éﬁqff‘gti’gﬁhé?f&zl

A seguence variant (due to a point mutation) was detected in the anti-MET LC. It exists in the MCB,
the WCB and the end-of-production cell bank (EPCB) at levels close to the limit of detection. Based on

the totality of information regarding the sequence variant throughout the dossier, it is considered well
controlled at low levels. This is acceptable.
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Required to check for genetic instability!

MINIMUM CMC Regulatory Compliance CONTINUUM
during clinical development for market approval

clinical development market approval

} }

MCB —» WCB — Production End (Harvest) — Extended Culturing

T T

End of Production Cell Bank  Limit of in vitro cell age
(EPCB) (LIVCA)

Check for:

» |dentification of any change in the amino acid sequence of the expressed protein

: : : : : H Q5B/Q5D
» |dentification of any change in the nucleic acid sequence of the transgene DNA/RNA ICH Q5BIQ

» + Confirmation of absence of latent virus induction (insect/mammalian/human cells) ICH QSA(RY)
(e.g., chickenpox — shingles in humans - especially as we age)
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Traditional & Expected approach to LIVCA determination

‘Commercial-like’ Upstream Process

Harvest &
Purification

AT
e q_‘_____j,_/
O
o O
[[——= — 1 —A —
k‘“% j
— == =
WCB Seed Train Production
Bioreactor Development Bioreactors
Time 0 — population doublings, cell generations, elapsed culturing time — LIVCA
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Non-traditional approach to LIVCA determination
expect regulatory authority hesitancy!

MCB WCB Reduced-Scale Development Bioreactors
11. Conduct a study using end of production cells from commercial scale manufacturing that
tests for in vivo adventitious viruses and genetic consistency. Submit the Final Report as a
PAS.
The timetable you submitted on June 1, 2012, states that you will conduct this study Genentech Perjeta mAb
according to the following schedule: FDA Market Approval
Letter Post-Market
Final Protocol Submission:  08/2012 Commitment June 2012
Study Completion: 122012
Final Report Submission: ~ 02/2013
[Genentech tried similar
Rationale for PMC: | approach in Feb 2004
The data in the submussion for this testing was performed using cells from reduced scale with Avastin mAb —
models. Because of concerns 1egard111g the models not being representative of the same FDA response]
commercial process, 1t was determuned that this testing would need to be done on cells from
the commercial scale process. 158




CASE EXAMPLE Genetic Instability
Chromosomal gene translocation (‘jumping genes’) Merck Serono SA

ABSTRACT: During the validation of an additional working cell bank denved from a validated master cell bank to
support the commercial production continuum of a recombinant protein, we observed an unexpected chromosomal

location of the gene of interest in some end-of-production cells. This event—identified by fluorescence m situ

hybridization and multicolour chromosome painting as a reciprocal translocation nvolving a chromosome region
contaming the gene of interest with its integral coding and flanking sequences—was unique, occurred probably during
or prior to multicolour chromosome painting establishment, and was transmitted to the descending generations. Cells

bearing the translocation had a transient and process-independent selective advantage, which did not affect process

performance and product quality. However, this first report of a translocation affecting the gene of mterest location
n Chinese Hamster Ovary cells used for producing a biotherapeutic indicates the importance of the demonstration of

the ntegrity of the gene of interest in end-of-production cells.

CQAs — no impact KPPs — no impact
Reciprocal Translocation Observed in End-of-Production
Cells of a Commercial CHO-Based Process PDA J Pharm Sci and Tech 2015, 69 540-552

DNA replication timing directly regulates the
frequency of oncogenic chromosomal translocations

Mihaela Peycheva, Tobias Neumann, Daniel Malzl, Mariia Nazarova, Ursula E. Schoeberl, Rushad Pavri* 16 SEPTEMBER 2022 » VOL 377 ISSUE 6612 1277

SCIENCE science.org
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DOWNSTREAM PURIFICATION (DSP) BY CHROMATOGRAPHY AND FILTRATION

Multiple Chromatographic Systems to Consider

Affinity Chromatography
lon Exchange Chromatography
(Cation Exchange, Anion Exchange)
Hydrophobic Interaction Chromatography
Size Exclusion Chromatography

Filtration Systems to Consider

Normal Flow Filtration (‘dead end’)
0.2 micron (microbes)
0.1 micron (mycoplasma)
0.05 micron (viruses)

[protein size < 0.01 micron]
Tangential Flow Filtration, TFF (‘cross flow”)

ultrafiltration/diafiltration (UF/DF)
choice of MW cutoff of protein to contain
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PURIFICATION BY CHROMATOGRAPHY AND FILTRATION

| lgG Monoclonal Antibody

Clarified Bulk
(harvest of upstream production)

Protein A Affinity Chromatography
(bind and elute mode)

4

Low pH Incubation
(virus inactivation)

\

Cation Exchange Chromatography
(bind and elute mode)

\4

Anion Exchange Chromatography
(flow through mode)

v

Nanofiltration
(virus removal)

v
UF/DF

(concentration and formulation)

v
Filtration/Fill/Freeze
(Bulk Drug Substance)

Platform approach today
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2 Challenges in Purification of Protein from Living Cells

#1 Complexity of the Impurity Profile - Don’t Underestimate!

Media-derived Impurities
growth factors (e.g., IGF)
lipids (e.g., cholesterol)

ol

‘We recommend that you limit the amount of
residual DNA for continuous nontumorigenic
cells to less than 10 ng/dose and the DNA size
to below approximately 200 base pairs.’

antibiotics antifoam qPCR dPCR
Cell-derived lmpuri"t'v‘ey :
host cellular DNA P residual level/ID by ELISA and/or LC/MS
host cell proteins (HCPs) ~ _ :
putative viruses » clearance confirmed by viral safety evaluation
methotrexate l column leachables
Starting Material(s) Upstream Production Downstream Purification

Drug Product/

Drug Substank‘ \

/

Formulation

Container Closure

~
/

Filling/Sealing

Process-Related

Impurities in
Drug Product

elemental impurities
nitrosamine impurities

impurities in excipients leachables

stopper/metal leachables
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Product-Related Substances. Molecular variants of the || Product-Related Impurities. Molecular variants of the
desired product which are active and have no desired product which do not have properties
deleterious effect on the safety and efficacy of the comparable to those of the desired product with
drug product. respect to activity, efficacy, and safety.

Truncation (N-terminus, C-terminus)
Hydrolytic fragmentation
Misincorporation / [ g:fg%i%m
MRNA — amino acid : Disulfide scrambling
Post-translational modifications | Aggregation
Undesired Glycosylation/Glycation

transgene mutation protein instability ——»

Starting Material(s) Upstream Production Downstream Purification

Drug Substank‘ \ \ Biomolecular
+ Structural
Drug Product/ / /'

Variants
Formulation Container Closure Filling/Sealing

protein instability

v
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MINIMUM CMC Regulatory Compliance CONTINUUM
during clinical development ...

5.3.2. Impurities

Process related mmpurities (e.g. host cell proteins. host cell DNA. media residues. column
leachables) and product related impurities (e o precursors. cleaved forms. depsradation products.
aggregates) should be addressed. Quanfitative information on mmpurities should be provided
mcluding maximum amount for the highest climcal dose. For certain process-related impurities
(e.g. antifoam agents), an estimation of clearance may be justified. In case only qualitative data are
provided for certain impurities, this should be justified.

5.4.1. Specification

Upper limits. taking into account safety considerations. should be set for the impunties.

P.5.1. Specification

Upper limits, taking safety considerations into account, should be set for impurities. They may need
to be reviewed and adjusted during further development. For the impurities not covered by the
active substance specification, upper limits should be set, taking mto account safety considerations.

Guideline on the requirements for quality documentation

concerning biological investigational medicinal products in
clinical trials

27 January 2022

EMA/CHMP/EWP/534898/2008 Rev. 2
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MINIMUM CMC Regulatory Compliance CONTINUUM
...for market approval

components, viruses and reagents used in the modification of the protein) to acceptable levels should
be thoroughly evaluated, This generally includes_establishment of adeguate analytical methods
required for respective impurity detection and an estimation of the concentrating or removing caps
ia. For certain
process-related impurities (e.g. HCP, DNA, antibiotics) scale-down spiking experiments may be
required to determine the removal capacity of the individual purification steps. Evaluation of
purification steps for which high impurity clearance are claimed, operating in worst case and/or non-
standard conditions (e.g. process hold times, spiking challenge) could be performed to document the
robustness of the process. For some components (e.qg. low-molecular weight media components), a
risk-based approach is acceptable showing that no safety concerns like immunogenicity or toxicity are
present.

Guideline on process validation for the manufacture of

biotechnology-derived active substances and data to be _

provided in the regulatory submission 28 April 2016
EMA/CHMP/BWP/187338/2014

EUROPEAN MEDICINES AGENCY
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CASE EXAMPLE Trouble with obtaining market BLA approval due to
insufficient evaluation and control of the impurity profile!

Portola Pharmaceuticals BLA filed with FDA; after 6 month priority review,
Recombinant coagulation factor Xa received a CRL (12 of 18 major issues were CMC-related)

We acknowledge that ANDEXAA is a breakthrough therapy developed for an indication that
addresses an urgent unmet medical need. As such, FDA is committed to working with Portola to
advance your manufacturing program...The data you provided in your responses to the Form
FDA 483 issued on do not adequately address the deficiencies in the validation of the ANDEXXA
manufacturing process that were identified during the Pre-License Inspection (PLI) of the facility.

The ANDEXXA process is not validated to assure reasonable control of sources of variability
that could affect production output and to assure that the process
is capable of consistently delivering a product of well-defined guality.

Complete the validation studies for the clearance of all impurities and submit the
final study reports to demonstrate identification and control of these impurities.
This is needed to assure process consistency and establish a process control strategy which will
ensure the quality of the commercially manufactured product.

Please note that impurity clearance studies are considered critical to the process gualification
stage of process validation (reference is made to the 2011 FDA Guidance on Process Validation)
and therefore prior to submission to FDA these studies should be reviewed and approved by
your guality assurance unit to document the use of sound scientific methodology
and principles with adequate data to support the conclusions.

(2 year delay in BLA approval, 2018)

FDA CBER, Vaccines, Blood & Biologics: Licensed Biological Products with Supporting Documents:
ANDEXXA (Coagulation factor Xa, recombinant, inactivated zhzo) — Approval History, Letters, Reviews
and Related Documents 2 — BLA Complete Response Letter (August 17, 2016)
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2 Challenges in Purification of Protein from Living Cells

#2 Reduced-Scale Studies: Be Aware of Limitations!

A challenge in ‘visualization’ of comparability

ambr 15

Reduced
Scale

Manufacturing
Scale
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Reduced-scale studies are absolutely necessary for biopharmaceuticals!

= Some Studies Cannot be Carried Out in a GMP Facility

— ill advised to contaminate a GMP process step in the manufacturing facility
(e.g., spiking excess HCPs onto a GMP chromatography column)

= Some Studies Would Expose Workers to Unsafe Conditions

— large quantities of live viruses would be needed for virus clearance spiking
studies onto manufacturing scale columns

» Large-Scale Studies Are Costly

— expensive tying up a commercial manufacturing facility

But, reduced-scale studies also have limitations!

“Now it would be very remarkable if any system existing in the real world could be
exactly represented by any simple model. However, cunningly chosen
parsimonious models often do provide remarkably useful approximations.”

‘parsimonious’ - frugal, stingy British mathematician and statistician George E P Box
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Typical reduced-scale studies for biopharmaceuticals!

Downstream Purification Process for
Recombinant Proteins and Monoclonal Antibodies

Reduced-Scale

Comments
Study
v”gia?:?{::ce Virus spiking studies across the individual
(inactivation chromatography columns and nanofiltration
’ step; obtaining log,, virus reduction factors
removal)

Process-Related
Impurities

Impurity spiking studies across the
individual chromatography columns,
obtaining reduction factors

Host cell DNA

Host cell protein (HCP)
Protein A leachables

Media components of concern

Product-Related
Impurities

Tracking clearance across the
individual chromatography columns,
obtaining reduction factors
» Aggregates
Molecular variants of concern

Intermediate
Hold Times

Product stability upon holding

(will have to be confirmed at full commercial-like
scale, both for protein stability as well as
control of endotoxin and bioburden buildup)

Chromatographic
Column Resin
Use Life

Determination of maximum number of
re-uses for each chromatography resin in
the purification process

(will have to be confirmed the end of
commercial column resin use cycle)

spike in

P —

~_

Chromatography
Column or Filter

amount out

LRF - log reduction factor

Robust step = > 4 log,, removal
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Regulatory authorities EXPECT JUSTIFICATION of reduced-scale
studies compared to the manufacturing process!

The contribution of data from small-scale studies to the overall validation package will
depend upon demonstration that the small-scale model 1s an appropriate representation
of the proposed commercial-scale. Data should be provided demonstrating that the
model 1s scalable and representative of the proposed commercial process. Successful

DEVELOPMENT AND MANUFACTURE OF DRUG SUBSTANCES

ICH Q11 (2012
(CHEMICAL ENTITIES AND BIOTECHNOLOGICAL/BIOLOGICAL ENTITIES) Q ( )

Small scale models are important tools in the development and evaluation of biopharmaceutical
manufacturing processes. During process evaluation, small scale models enable evaluation of input
material and parameter variability to an extent that may not be feasible at manufacturing scale.

A small scale model must be designed and executed, and ultimately justified, as an appropriate
representation of the manufacturing process.

Guideline on process validation for the manufacture of 28 April 2016
biotechnology-derived active substances and data to be EMA/CHMP/BWP/187338/2014
provided in the regulatory submission
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Example of MINIMUM CMC Regulatory Compliance CONTINUUM
Reduced-Scale Study of Viral Clearance

Minimum Requirements for Viral Clearance Safety Evaluation

Clinical Development Stage
(FIH onward)

Market Approval Stage

Validation of virus clearance to
be completed and included in
clinical trial application

Full validation of virus clearance to
be completed and included in
market application

Studies should include two
orthogonal steps that complement
each other in their mode of action

studies; the reproducibility

to be demonstrated by at least
two independent studies

Studies should include two distinct
effective orthogonal steps that
complement each other in their mode
of action - an ‘effective’ virus
removal step gives reproducible
reduction of virus load in the order of
4 logs or more, shown by at least
two independent studies

Clearance to be demonstrated
for more than one
manufacturing process step

Clearance to be demonstrated across
the manufacturing process steps;
one of the manufacturing steps
should effectively clear
non-enveloped viruses

[typically, all process steps that may
contribute significantly to virus
clearance are studied)]

Clearance to be demonstrated for
both an enveloped and a
non-enveloped virus
(preferably a parvovirus)

Clearance to be demonstrated for a
range of other potential virus types -
different genomes (DNA, RNA),
different physical sizes,
enveloped/non-enveloped

[typically, 4 virus types studied]

N/A

Chromatography media/resin
lifetime use defined

[confirmed by reduced scale;

concurrent validation at full scale]

VIRAL SAFETY EVALUATION OF BIOTECHNOLOGY

GUIDELINE ON VIRUS SAFETY EVALUATION OF BIOTECHNOLOGICAL
INVESTIGATIONAL MEDICINAL PRODUCTS

London, 24 July 2008
EMEA/CHMP/BWP/398498/2005

ProDUCTS DERIVED FROM CELL LINES OF HUMAN OR
ANIMAL ORIGIN ICH Q5A(R2) (2022) 171



Applying the Minimum CMC Regulatory Compliance Continuum
Manufacturing Process Control

Stage 1 Process Design Process Characterization

GOAL: during clinical development, establish a manufacturing process suitable

for eventual commercial manufacturing that can consistently deliver
a defined product that meets its quality attributes
(identify CQAs and CPPs, establish control system; scale-up)

Guideline on process validation for the manufacture of
biotechnology-derived active substances and data to be
provided in the requlatory submission

Process Validation: General
Principles and Practices

January 2011 28 April 2016
: EMA/CHMP/BWP/187338/2014

§.2.5. Process validation

Process validation data should be collected throughout development, although they are not required to
he submitted in the IMPD.

For manufacturing steps intended to remove or inactivate viral contaminants, the relevant information
should be provided in the section A2, Adventitious agents safety evaluation.

GU|deI|n_e on .the r.equllremerjts for quallty_ cI_ocumentanq 27 January 2022
concerning biological investigational medicinal products in EMA/CHMP/BWP/534898/2008 Rev. 2
clinical trials
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Applying the Minimum CMC Regulatory Compliance Continuum
Manufacturing Process Control

L

Stage 1 Process Design Process Characterization

GOAL: during clinical development, establish a manufacturing process suitable
for eventual commercial manufacturing that can consistently deliver
a defined product that meets its quality attributes
(identify CQAs and CPPs, establish control system; scale-up)

Stage 2 Process Qualification Process Verification

GOAL: implement the control strategy and confirm that the final manufacturing
process performs effectively in routine manufacture and is able
to produce a commercial product of the desired quality
(process validation and PPQ batches)

Stage 3 Continued Process Verification Ongoing Process Verification

GOAL: ongoing assurance of the controlled manufacturing process

Guideline on process validation for the manufacture of
biotechnology-derived active substances and data to be
provided in the requlatory submission

Process Validation: General
Principles and Practices

January 2011 28 April 2016
: EMA/CHMP/BWP/187338/2014
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Adeguate Risk-Based Process Control at Stage 2

(focused on patient safety + consistency of manufacturing process

2.2.8.2.5  Process Validation and/or Evaluation (name, manufacturer)

Process validation and/or evaluation studies for aseptic processing and sterilisation should
be included.

Biotech:

Sufficient information should be provided on validation and evaluation studies to
demonstrate that the manufacturing process (including reprocessing steps) is suitable
for its intended purpose and to substantiate selection of critical process controls
(operational parameters and in-process tests) and their limits for ecritical
manufacturing steps (e.g.. cell culture. harvesting. purification. and modification).

The plan for conducting the study should be described and the results, analysis and
conclusions from the executed studv(ies) should be provided. The analytical procedures
and corresponding validation should be cross-referenced (e.g., 3.2.5.2.4, 3.2.5.4.3) or
provided as part of justifying the selection of critical process controls and acceptance
criteria.

For manufacturing steps intended to remove or inactivate viral contaminants, the
information from evaluation studies should be provided in 3.2.A.2.

QUALITY OVERALL SUMMARY OF MODULE 2
MODULE 3 : QUALITY M4Q(R1) 2002

ICH HARMONISED TRIPARTITE GUIDELINE 174



Special Note: Level of Quality Unit ‘oversight’ for process validation studies

Although often performed at small-scale laboratories, most viral mactivation and impurity
clearance studies cannot be considered early process design experiments. Viral and impurity
clearance studies mtended to evaluate and estimate product quality at commercial scale should
have a level of quality umt oversight that will ensure that the studies follow sound scientific
methods and principles and the conclusions are supported by the data.

FDA Gfl Process Validation: General Principles and Practices (2011)

The Quality Unit should provide appropriate oversight and approval of process validation studies re-
quired under GMPs. Although not all process validation activities are performed under GMPs (for
example, some Stage 1 - Process Design studies) (4), it is wise to include the Quality and Regulatory
representatives on the cross-functional team. The degree and type of documentation required varies
during the validation lifecycle, but documentation is an important element of all stages of process
validation. Documentation requirements are greatest during the process qualification and verification

stages. Studies during these stages should conform to GMPs and be approved by the Quality Unit.

PDA Technical Report #60 Process Validation: A Lifecycle Approach (2013)
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Pre-BLA submission meetings: FDA, in order to stress to a company the importance of
process validation, frequently attaches to the meeting minutes, a “hot topic” list of
frequently encountered deficiencies in biopharmaceutical process validation

Case Example

_/@ Y u.S. FOOD & DRUG
w ADMINISTRATION
XENPOZYNMIE (olipudase alfa-rpep)

IND 012757
MEETING MINUTES

Genzyme Corporation

Meeting Type: B
Meeting Category: Pre-BLA

Meeting Date and Time: March 24, 2021; 11:15AM - 12:15PM EST
Meeting Location: Teleconference

Application Number: 012757
Product Name: GZ402665

www.accessdata.fda.gov/drugsatfda_docs/nda/2022/7612610rig1s000AdminCorres.pdf

Process validation expectations for the filed BLA, stated by the FDA
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Bioburden and endotoxin data obtained during manufacture of three process
gualification (PPQ) lots (3.2.S.2.9).

Microbial data from three successful product intermediate hold time validation
runs at manufacturing scale. Bioburden and endotoxin levels before and after
the maximum allowed hold time should be monitored and bioburden and
endotoxin limits provided (3.2.5.2.5).

Chromatography resin and UF/DF membrane lifetime study protocols and
acceptance criteria for bioburden and endotoxin samples. During the lifetime
studies, bioburden and endotoxin samples should be taken at the end of
storage prior to sanitization (3.2.5.2.5).

Information and summary results from the shipping validation studies
(3.2.5.2.9).

In-process microbial controls and hold times. Three successful product
intermediate hold time validation runs should be performed at manufacturing
scale, unless an alternative approach can be scientifically justified. Bioburden
and endotoxin levels before and after the maximum allowed hold time should be
monitored and bioburden and endotoxin limits provided.

Three successful consecutive media fill runs, including summary environmental
monitoring data obtained during the runs. Describe the environmental and
personnel monitoring procedures followed during media fills and compare them
to the procedures followed during routine production.

What is the origin of the number 3?  Monte Python, ‘Search for the Holy Grail’
—_— 177



Monty Python — ‘Search for the Holy Grail’ — Bridge of Death



The ‘3 Run’ PV Rule is Gone!

FDA

5. Do CGMPs require three successful process validation batches before a new active
pharmaceutical ingredient (APY) or a finished drug product is released for distribution?

No. Neither the CGMP requlations nor FDA policy specifies a minimum number of
batches to validate a manufacturing process.... The manufacturer is expected to have a
sound rationale for its choices in st regard. The agency encourages

the use of science based approaches to process validation.”

FDA Questions and Answers on Current Good Manufacturing Practices, Good Guidance Practices,
Level 2 Guidance - Production and Process Controls; FDA website

(Generally,
production batches (see ICI—I Q7. Section 12.5). The number of batches can depend on

several factors including but not limited to: (1) the complexity of the process heing
validated; (2) the level of process variability; and (3) the amount of experimental data
and/or process knowledge available on the specific process. ICH Q11
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Process Performance Qualification (PPQ)
Factors to consider in the calculation of how many batches to run

Manufacturing Process Biologic Product Manufacturing
Understanding Knowledge Experience
Are all CPPs identified? Are all CQAs identified? Level of batch-to-batch
How comprehensive How robust is the product variation?
is the control strategy? stability profile? Process capability knowledge?

&

Table 8: Calculating the number of PPQ runs by the PpK method using an MS Excel N N N
spreadsheet for sample sizes »25 Determine overall residual risk level

1 E F G H

3  Symbol Description Value Formula

4 Xavg Sample average 97.77  =AVERAGE(sample data)

2 L;L fample stal;:ar: dewl.{ia:liun 1331 ZSTDﬂE"Jf(s:mple data) Translate into number of

ower specification lim ser define PPQ

7 USL  Upper specification limit 105 User defined batches to run

8 pr Estimated process capability 1762496 =MIN((G7-G4)/3"G5,(G4-G6)/37Gh)

9 LCCl  Target, lower bound process 1 Default setto 1

capability

10 1-a Confidence 097  Userdefined based on risk assessment

" a Acceptable risk 0.03 =1-G10 QUESWON SO hOW many

2 1 Number of PPQ runs M —((NORM.S.INV{GT))'2) (1 PPQ batches will you run?

(9*G8))+0.5)/((1-(G9/G8))*2)

BioProcess International 21(%) May 2023
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Case Example Successful Process Validation in MAA

Epysqli 30 March 2023

EPAR
eculizumab EMA/203468/2023

Samsung Bioepis

Process validation included a number of studies which investigated a) process performance

qualification (PPQ) of both the cell culture and the purification process, b) impurity clearance to show

that the intended purification process is able to reduce the impurities to acceptable levels in
accordance with the pre-determined acceptance criteria, c) hold times for process intermediates, d)

resin lifetime to demonstrate that the chromatography column resins are capable of maintaining

acceptable performance characteristics over extensive cycling, and e) the shipping qualification.

Several PPQ batches had been produced, and met the acceptance criteria. Based on the results of the

process validation, the manufacturing process is considered validated for active substance commercial

manufacturing. However, a single batch was terminated due to the presence of microbial

contaminants. Since there was no breach of GMP practice with low possibility of recurrence and

immediate detection of the event was performed, the risk category was determined as low with the
requirement of an investigation for root cause analysis. A detailed summary of the conducted root
cause investigation of this microbial contamination during process validation has been submitted.
Based on the investigation results, it was concluded that there was no process or product impact due
to termination of the certain batch. An alternative batch was started as a replacement batch and met

all pre-determined specification.
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Applied Risk-Management Across the Manufacturing Process

Drug
Substance

Many times, at the last purification step (DF),
the formulation excipients are introduced

Starting Upstream Downstream
Materials Production Purification

When aliquoted and frozen — Bulk Drug Substance

CQA Cateqgory

Appearance
Identity
Quantity
Safety
General

Purity/impurities
Potency
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compendial requirements and test methods listed in USP and Ph. Eur.

CQA Category and Description

Visual — physical state, color, clarity

Appearance Particulate Matter (extrinsie, intrinsic)
Quantity amount, content (e.g., mg/vial, mg/mL)
Safe Absence of virus and mycoplasma (unprocessed bulk)
y Endotoxin, Bioburden
General pH, osmolarity, ...
CQA Category and Description
must be ‘highly specific’ and ‘based on unique
Identity aspects of its molecular structure and/or other specific

properties’ — [peptide map, ELISA]

compendial requirement, with specific emphasis of ICH Q6B

183



“Not everything that can be counted counts, and not everything that counts can be counted”

William Bruce Cameron, sociologist

PRODUCT PURITY + PRODUCT-RELATED IMPURITIES

Known Structural Variants for
Protein-Based Biopharmaceuticals

Protein Seguence
Sequence variants

Mis-incorporated amino acids
N-terminal variants
C-terminal variants

Protein hydrolysis variants

Molecule Protein Properties
Acidic charge variants
Basic charge variants
Low molecular weight variants
High molecular weight variants
Monomer/Aggregation size variants

Individual Amino Acid Instability
Oxidation variants
Deamidation variants
Disulfide scrambling variants

Higher Order Structures
Secondary structural variants
Tertiary structural variants

Molecule Carbohydrate Properties
Site variants

Site occupancy variants
N-glycan structural variants

Glycosylation
Afucosylation variants
Galactosylation variants
Sialyation variants

PROCESS-RELATED IMPURITIES

possible to control

Host Cellular DNA

these through a

Host Cell Proteins (HCPs)

‘process validation’

approach Upstream Media Impurities

Downstream Impurities (resins)
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Mature test method tool box for characterization of mAbs

The Current Analytical Tool Box

1° Sequence/PTMs

AA analysis

N- and C-term Sequence

Peptide Mapping and Sequencing
LC-MS/MS

Glycan Analysis

ESI- MS

MALDI-TOF MS

Labeled, PNGaseF released
HPAEC-PAD

| HPLC-FD
Free sulfhydryls A/ ™ HILIC (HPLC, UHPLC)
MALDI-TOF, ESI-QTOF-MS, orbitrap, ? CE-LIF (MS)
etc.... Chitia
HOS clEF
Near- and Far-UV CD iclEF
FTIR ( ICE
DSC -g IEX- HPLC
HDX-MS ' CZE
X-ray e
NMR . . Yo el Sl Fisacits 2088 Process Related Impurities
Size/ Purity DNA, HCP, Protein A, etc.
SEC-HPLC Activity
HIC-HPLC In vitro Bioassays S.afety
RP-HPLC Reporter gene assays Bioburden
CE-SDS Ag/Receptor Binding assays Sterility
CGE (mAbs — FcR, C1q) Endotoxin
AUC SPR LAL
A4F Strength (UV A280) KT
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‘The specific ability or capacity
of the product to achieve a
defined biological effect’

Product

Comparability
(After Process
Changes)

‘sooner than later’
development of a
cell-based bioassay
strongly recommended

Product

Characterization
(During Development)

. POTENCY

Product
Stability

Not the amount of the API,
but the biological activity
associated with that amount!

Determination of potency is one
of the most important critical
guality attributes (CQAs) for
a biopharmaceutical
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Many biopharmaceuticals have multiple ‘biological properties’,
which require a potency assay matrix approach

3 \ V/]
=C1q | =Rituximab

”, H FC‘]R £ CD20

rituximab potency video
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DS Specifications (CQAS)
l

The specification for the batch(es) of active substance to be used in the clinical trial should define
acceptance criteria together with the tests used to exert sufficient control of the quality of the active
substance. Tests and defined acceptance criteria are mandatory for quantity, identity and purity and a
limit of ‘record’ or 'report results’ will not he acceptable for these quality attributes. A test for biological

activity should be included unless otherwise justified. Upper limits, taking into account safety
considerations , should be set for the impurities. Microbiological quality for the active substance should

be specified.

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 inherently preliminary and
may need to be reviewed and adjusted during further development.

Product characteristics that are not completely defined at a certain stage of development (e.qg.

glycosylation, charge heterogeneity) or for which the available data is too limited to establish relevant
acceptance criteria, should also he recorded. As a consequence, such product characteristics could be

included in the specification, without pre-defined acceptance limits. In such cases, a limit of ‘record’ or
‘report results’ is acceptable. The results should be reported in the Batch Analyses section (5.4.4).

concerning biological investigational medicinal products in

clinical trials 27 January 2022
EMA/CHMP/BWP/534898/2008 Rev. 2 188
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ILLUSTRATION: ‘minimum CMC regulatory compliance continuum’

assignment of specifications

Early Stage Clinical Development

=

The manufacturer should establish acceptance criteria
for specified attributes on each material. For some
materials, all relevant attributes or acceptance criteria
may not be known at the phase 1 stage of product
development. However, attributes and acceptance
criteria selected for assessment should be based on

scientific knowledge and experience
for use in the specific phase 1 investigational drug.

Guidance for Industry

7Y U.S. FOOD & DRUG

Late Stage Clinical Development

Acceptance criteria should be
established and justified based on

data obtained from lots
used in preclinical and/or clinical
studies, data from lots used for
demonstration of manufacturing
consistency and data from stability
studies, and relevant development data.

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

ICH Q6B
10 March 1999,

Critical Quality Late Stage Clinical
Attribute Specification
Purity
by CGE
Monomer
by SEC-HPLC Based on
Endotoxin statistical analysis
by LAL of manufactured

ADMINISTRATION CGMP for Phase 1 Investigational Drugs July 2008
Critical Quality Early Stage Clinical cen e
Attribute Specification Justification
Purity o ) .
by CGE >95% Industry Standard
Monomer
0, £ ']
by SEC-HPLC > 95% Industry Standard
Endotoxin NMT 5 o
Residual Host o
Cellular DNA NMT 10 ng/dose WHO Safety Limit
Residual Host Cell NMT 100 ng/mg Experience
Proteins (HCPs) (ppm) P

Residual Host
Cellular DNA

Residual Host Cell
Proteins (HCPs)

batches
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FDA recommendation on how to communicate Release Specs to them
Pre-BLA Meeting Minutes — Vabysmo (bispecific, faricimab) — Genentech — March 29, 2021

Release Specification for Faricimab Drug Product

Release § Justification of
results for jj specification
all (e.g. clinical
batches® l| experience,
made |§ manufacturing
using capability,
commerci etc.)
al process
(n=?)
min-max

Release results for Release
nonclinical and | Release results | results for
developmental DP | for clinical DP | DP PPQ
batches (n=7) batches® (n=7) | batches
(min-max) (min-max) (n=7) (min-
max)

Proposed
Commercial
Release
acceptance
criteria

Analytical

Attribute Method

a. Include all batches used in any clinical testing, regardless of scale, process, or manufacturing location, etc. List each of the batch numbers
included as footnote in the table.
p. Include all batches with available release data that were manufactured following the proposed commercial process. Include a list of the batch

numbers included in analysis as a footnote in the table.

Similar table for the release specs of Drug Substance

The tables should summarize information from module 3 and may be

submitted either to module ¥ or module 3R 190



DS Stability

A stability protocol covering the proposed storage period of the active substance should he provided,
including specification, analytical methods and test intervals. The testing interval should normally

follow the guidance given in ICH Q5C.

The quality of the hatches of the active substance placed into the stability program should he
representative of the quality of the material to be used in the planned clinical trial.

The active substance entered into the stahility program should be stored in a container closure system
of the same type and made from the same materials as that used to store active substance bhatches to

be used in the clinical trial. Containers of reduced size are usually acceptable for the active substance
stability testing.

Studies should evaluate the active substance stability under the proposed storage conditions.
Accelerated and stress condition studies are recommended as they may help understanding the
degradation profile of the product and support an extension of the shelf-life.

A re-test period (as defined in ICH Q1A guideline) is not applicahle to biological / biotechnology derived

active substances. EU requires shelf-life assignment; FDA places product stability under PQS
Guideline on the requirements for quality documentation
concerning biological investigational medicinal products in
clinical trials 27 January 2022

EMA/CHMP/BWP/534898/2008 Rev. 2
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FDA recommendation on how to communicate Stability Specs to them
Pre-BLA Meeting Minutes — Vabysmo (bispecific, faricimab) — Genentech — March 29, 2021

Stability Specification for Faricimab Drug Substance

Stability results for batches stored § Justification of
at recommended condition (n=7) 2 § specification

Analvtical Stability (e.g. clinical experience,
Attribute M E‘th‘{Jd acceptance | Min — Max (Range for all data from § manufacturing capability,
criteria time 0 to the proposed end of shelf § etc.)
life or currently available)
a8. Include a list of the batch numbers that were used in each assessment.

Similar table for the release specs of Drug Product

The tables should summarize information from module 3 and may be
submitted either to module 1 or module 3R
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Applied Risk-Management Across the Manufacturing Process

g Conjugation
Chemical Drug (ADC)
PEGylation

Bulk Drug Formulation Aseptic Drug
Substance Filling/Sealing Product

ADCs bring together all of the controls and concerns for
the biopharmaceutical, as well as the chemical drug!
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What are ADCs?



ADCETRIS (brentuximab vedotin)

Antibody
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DAR: ~ 4 MMAE chemical molecules linked to eachh mAb meolecule
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CMC Concerns for the Manufacture of the Monoclonal Antibody Intermediate

Process Stage

CMC Manufacturing/Quality Concerns

Starting
Material

Recombinant Master Cell Bank (MCB)

Purified Drug

Cell culture production of mAb

Substance Purification of mAb drug substance
CMC Concerns for the Manufacture of the Drug-Linker Intermediate
- . Chemical | Chemical
Process Stage CMC Manufacturing/Quality Concerns Linker Toxin

Starting material consistency J/ /

Starting Control of the chemical manufacturing process / v/

Materials Chemical-related residual impurities J/ /

(Organic Solvents, Elements, Mutagenic)

. . Control of the chemical reaction of Drug-Linker /
Linker-Toxin Chemical drug related residual impurities /

Intermediate

(free toxin)

CMC Concerns for the Manufacture of the ADC Drug Substance

Process Stage

CMC Manufacturing/Quality Concerns

Chemical Control of the chemical reaction of mAb + Drug-Linker _| PAR
Reaction (DAR - drug-to-antibody ratio)
Purified ADC Control of the purification of the synthesized ADC

Drug Substance

(removal of unbound drug and drug-linker)
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Waters DAR
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Applied Risk-Management Across the Manufacturing Process

Formulation at UF/DF
(last DS purification step)

/

Bulk Drug E lati Aseptic Drug
Substance ormulation | | rijing/sealing Product

Pharmacopeia excipients: lowest risk — specific monograph guality testing

Animal-derived excipients: introduce the potential risks of contaminating adventitious agents

‘Novel excipients’ are either (1) an ingredient that is used for the first time in a drug product in
a specific regulatory region, or (2) a substance that is used for the first time in the intended
route of patient administration — highest risk because of the unknown safety risk to patients

The higher the perceived risk of the excipient, the more detailed CMC information iin the
submissions required by the regulatory authorities for their safety review

Novel excipients frequently require extended animal toxicology studies

Each added excipient should have ‘value’:
solubility, stability, minimization of variant formation, etc.
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Formulation Changes occur during clinical development and post-market approval

Change due to clinical need: IV — SC

Formulations of Rituximab
Rituxan/MabThera Rituxan Hycela/MabThera SC
IV Administration SC Administration
Rituximab (10 mg/mL) Rituximab (120 mg/mL)
Sodium chloride Hyaluronidase human
Sodium citrate L-Histidine
Polysorbate 80 L-Methionine
pH6.2-6.8 Trehalose
Osmolality 324-396 mOsmol/kg | Polysorbate 80
pH5.2-5.8
Osmolality 300-400 mOsmol/kg

Change due to development data generated

Formulations of Adalimumab, HUMIRA and Its Many Biosimilars
HUMIRA ABRILADA IDACIO HULIO

Adalimumab Adalimumab Adalimumab Adalimumab
Sodium chloride EDTA Sodium chloride L-Methionine
Sodium phosphate L-Histidine Glacial acetic acid | Na Glutamate
Sodium citrate L-Methionine Trehalose Sorbitol
Mannitol Sucrose Polysorbate 80 Polysorbate 80
Polysorbate 80 Polysorbate 80 pH 5.2 pH 5.2
pH 5.2 pH 5.5
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Sometimes ‘novel excipients’ are absolutely required!

(‘Novel excipient’ — an excipient being used for the first time in a drug product,
or by a new route of administration or new to a specific regulatory region)

Novo Nordisk

Ozempic, SC Injectable Recombinant GLP-1 Peptide
Formulation: sodium phosphate, propylene glycol, phenol

Rybelsus, Oral Tablet Recombinant GLP-1 Peptide

Formulation: SNAC, povidone K90, magnesium stearate, cellulose

EMA 2020
Novel Excipient: SNAC SNAC - required a 2 year tox study!
(salcaprozate sodium) - critical in BLA also included detailed CMC information on
transporting the peptide across the SNAC structure, general properties, manufacturer,
epithelium of the gastrointestinal tract manufacturing process and controls,

characterization, specifications, analytical
methods, batch data, container and stability!
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But ... biopharmceutical formulation changes are considered ‘high risk’

(formulation components can alter tihhe protein effect in the human body,
sometimes at very low frequency iin patients)

The ‘high risk’ comes from the low ability to detect a potential human
safety issue if the new formulation impacts only a small portion of patients

Sometimes it can take years for a new formulation to be on the market
before enough patients show up on the radar screen
as having a new adverse event issue

Well Known Case Example (1998)
J&J changed from a glass vial presentation to a pre-filled syringe
presentation for its anemia drug erythrropoietin

To accomplish the switch, the formulation was changed — HSA was
removed and polysorbate 80 added to the pre-filled presentation

After ~2 years on the market, a new adverse event appeared — PRCA -
pure red cell aplasia — (severe anemia)

Polysorbate 80 (a detergent) was dissolving the rubber septum in the
pre-filled syringe - the leachables were associated with the risk in PRCA

Another Case Example > Dash of EDTAY
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Dash of EDTAY

A ‘small change’ in formulation that took
2 years to detect as a new adverse event!

Immunex’s Leukine — developed liguid formulations of rGM-CSF [l was VP Q at the time]
— Had a choice between 2 liquid formulations (one with EDTA, one without)
(no concern from FDA/EMA, but Japan said no to added EDTA - caused fainting)
— Immunex dropped liquid formulation withh EDTA because of regulatory finding
— FDA approved new formulation without EDTA in 1996

2002 Amgen acquired Immunex (and Leukine)

— Sold off Leukine to company A, who sold it to company B, who finally sold it to Bayer
— How effective do you think was the CMC Knowledge Management (ICH Q10) transfer?
2006 Bayer received FDA approval to add a ‘touch’ of EDTA to the liquid formulation

— EDTA, a chelating agent, traps metal impurities and thereby can extend the shelf life
— Analytical testing showed that Leukine with and without EDTA was comparable

But after 2 years in the marketplace, enough pharmacovigilance data confirmed that the
liguid Leukine with added EDTA had a new patient adverse event - SYNCOPE
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January 2008, recall due to syncope
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Investigation revealed cause of syncope (fainting): (A+ to R&D)

— “The addition of EDTA appears to increase the absorption rate of GM-
CSF, the active ingredient in Leukine, and may result in a tempaorary
increase in plasma concentration of GM-CSF shortly after administration”

— Sudden protein burst caused body to go into defense mode
— Fainting is part of the body’s defense system

Pharmacovigilance, sometimes takes years, to pick up low-frequency
adverse events (such as syncope) —

May 2008, 5 months later, Bayer reintroduces the
original liquid Leukine formulation (without EDTA)
(A* to Marketing)

g Back to the Future:
g Original Liquid Leukine Coming Soon
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Applied Risk-Management Across the Manufacturing Process

Bulk Drug F lati
Substance ormulation

Aseptic
Filling/Sealing

Drug
Product

bioburden control —=

Non-Viral Vector (nRNA-LNP)

Recombinant Protein/
Monoclonal Antibody

Viral Vector (rAVV)

[formulated drug substance]

~

_/ Critical Process

NMT 10 CFU/200mL

confirmed by

aseptic processing ==
simulation

(patient safety)

I

Compounding

Sterility test

v

v

|

Sterile Filtration

2x0.22u
filters in series

Filling/Sealing

1

Drug Product

Parameters (CPPs

Thaw: temperature, time
Mixing: time, speed

Bioburden prior to filtration
Filter integrity test
Filter membrane area
Filtration elapsed time

Fill volume
Filling speed
Filling elapsed time
Sealing pressure
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Aseptic Processing Simulation Mandatory
FIH and through all clinical development — proper training & confirmation

Because product sterility is a critical element of human subject safety. you should take special
precautions for phase 1 investigational drugs that are intended to be sterile. You should give
thorough consideration to implementing appropriate controls for aseptic processing to ensure a
sterile phase 1 investigational drug. The guidance issued by FDA on aseptic processing is a good
reference when using aseptic processing (Ref. 7). Particular manufacturing controls include:

e Conducting aseptic manipulation in an aseptic workstation (e.g., laminar air flow
workbench, biosafety cabinets. or barrier isolator system) under laminar airflow
conditions that meet Class A, ISO 5. You should perform all manipulations of sterile
products and materials under aseptic conditions.

¢ Conducting a process simulation using bacterial growth media to demonstrate that the
aseptic processing/controls and production environment are capable of producing a sterile

drug

7 FDA “Guidance for Industry: Sterile Drug Products Produced by Aseptic Processing —

Current Good Manufacturing Practices.” September 2004
1 U.S: FOOD & DRUG Guidance for Industry ‘ Food and Dl'llg. Administration
ADMINISTRATION CGMP for Phase 1 Investigational Drugs Center for Drug Evaluation and Research (CDER)  July 2008

Center for Biologics Evaluation and Research (CBER)

Good reference on how PDA
t@ d@ Asephc Pf‘ocess Parenteral Drug Assoclation
Simulation W o6

PDA Points to Consider for Aseptic Processing 2016



Aseptic process simulation — essential for patient safety

Eli Lilly
483 Case Example Commercial Biologic DP Facility GMPs

FDA inspection of commercial biologic drug product manufacturing facility
resulted in major concerns about cGMP control of mAb processes

The following discrepancies were noted during the review of media fills and batch records which were
executed on the B103 vial filling line. Products asepfically filled on this line include but are not limited
to Ramucirumab, Glucagon, (b) (4) , Olaratumab, (D) (4) ,(b)(4) , Bamlanivimab, and

Etesevimab. Specifically,

A. Media Fills
1. Interventions performed during media fills do not reflect routine production. The firm
normalizes the number of inherent interventions obtained for the entire vear to
determine the number of interventions performed per ©)&) vials. They do not trend the
firequency/type of interventions occurring per batch. For (B) (4)  media fills performed
annually on the vial filling line, the firm only performs the (B) (4) inherent
Interventions.

lUS FDA Inspection February-March 2021 |

2. Adequate justification was not provided to support of how the conditions simulated
durmg vour Fill Duration Challenge — NLT (B) @) in Media fill MF0116 — MF0271,
D291263 is reflective of routing mamgfacm:'mg_.

3. Fatigue is not adequately challenged. Filling Operator Extended Personnel Shift was
listed as being challenged for 14 hours, 9 minutes (Protocol Required Challenge NLT
(b) (4) ) during MF0273, Batch D256292 per APS Summary report, effective July 6,
2020. An aseptic operator’s shift is (D) (4) . The media fill D256292 did not support
the operator working on the aseptic line for 14 hours, 9 minutes. Management
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Container Closure Systems for
Market-Approved Biopharmaceutical Drug Products

BIOPHARMACEUTICAL CONTAINER CLOSURE SYSTEM
type | glass vial with a chlorobutyl rubber stopper
Recombinant Protein single-use prefilled syringe (PFS) comprised of a
Monoclonal Antibody glass syringe barrel with a staked needle and a
rigid needle shield, a plunger stopper. a plunger rod
cyclic olefin polymer vial
s VezaeEany) with a chlorobutyl rubber stopper
Genetically Modified ethylene vinyl acetate (EVA) cryostorage bags
Patient Cells

designed for storage of blood ‘y
(o Q

Device Requirements

Desien Input/User Needs Desien Ohitput
Required mimimmum/maximum Drawing/specification for syringe
delivery dose for drug minimum/maximum volume
Drug viscosity and desired/required Drawing/specification for needle bore,
delivery rate glide force, for example
Expected use condition (e.g.. expected = Content, reading level. for example, for
. ) . , user expenence/education level) the prefilled syringe’s labeling
Glass vials are not ‘devices’, Maximum allowable temperature of Packaging/labeling specifications for
but prefilled syringes are! drug the prefilled syringe

‘COMBINATION PRODUCTS’ No degradation of drug or syringe Specifications for drug-contacting

over the expected shelf-life as a result | syringe materials
of contact with one another

Expected shipping method and Design drawings/specifications for
approprale storage conditions primary and secondary packaging

Drug delivery method (e.g.. needle or | Drawing/specification for needle and/or
needleless delivery) other associated syringe components
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Potential interaction between biopharmaceutical and product-contact surfaces

extractables
particle shedding —
excess silicon oil

Plunger Head

J

Plunger

rubber
plunger glass
barrel
Flange Extender
Alr Blibble Barrel
Drug Level
\ 4 v

— v | , _

Fluid Level
Indicator Lines

Syringe
Stopper

Label

Needle Cover

elemental residuals

-

metal
needle
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Impact of container closure on biopharmaceutical!
Prefilled Syringes — discovery of tungsten oxide residuals causing protein oxidation

During glass syringe manufacture, while
the glass barrel is being formed at high
temperature (~1200°C), a tungsten pin is

used to shape and maintain the hole where
the stainless steel needle will be glued in

During pin removal, residual tungsten
oxides can remain, and accelerate protein
aggregation, oxidation, and precipitation

Tungsten oxides

PDA J Pharm Sci and Tech 2013, 67 670-679 - Improved syringe washing processes at the vendors
Access the most recent version at doi:10.5731/pdajpst.2013.00941 | — lncoming batch check for residual tungsten (ICP/MS)
Department of Drug Product Development, Amgen Inc., — Test protein product for sensitivity to tungsten oxide

210



AMGEN Impact of biopharmaceutical formulation on container closure!
Glass Vials — discovery of protein solutions causing glass delamination
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Using Micro-flow imaging (MFI)
glass shards observed in solution in 2010

Amgen: delamination present in
potentially every glass vial of Epogen
manufactured since 1982/

Patient safety concern

glass shards could cut capillaries

2011 Advisory to Drug Manufacturers

Glass lamellae

September 2, 2010

RECALLING FIRM/MANUFACTURER
Recalling Firm: Amgen Inc.. Thousand Oaks, CA

VOLUME OF PRODUCT IN COMMERCE

78.074.450 vials

RECALLING FIRM/MANUFACTURER
Recalling Firm: Centocor Ortho Biotech, Inc., Horsham., PA
VOLUME OF PRODUCT IN COMMERCE

16.759.926 vials

Glass vials manufactured by a tubing process (and thus manufactured
under higher heat) are less resistant than molded glass vials

Biologic solutions formulated at high pH (alkaline) and with certain
buffers (e.g., citrate) are more susceptible

Biologics stored at room temperature have a greater chance of glass
lamellae formation than do products stored at colder temperatures
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‘ Applied Risk-Management Across the Manufacturing Process

CQA Cateqgory

Appearance
Identity
Bulk Drug Formulation | 'Asepnc | Drug Quantity
Substance Filling/Sealing Product Safety
General

Purity/impurities

Potency
Drug substance CQAs typically include those properties or characteristics that affect
1dentaty, purtty, biological activity and stability. When physical properties are important
with respect to drug product manufacture or performance, these can be designated as Case
CQAs. In the case of biqtechnologicah“biolugical products, most ::)f the CQAs of the dll‘ug Example
product are associated with the drug substance and thus are a direct resulf of the desien >
of the drug substance or 1ts manufacturing process. DS +DP

DEVELOPMENT AND MANUFACTURE OF DRUG SUBSTANCES
(CHEMICAL ENTITIES AND BIOTECHNOLOGICAL/BIOLOGICAL ENTITIES)

ICH Q11 2012
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BLA Summary Review for Market Approval — Vabysmo (bispecific, faricimab) — Genentech — 2021

Drug Substance Specification

Table §.4.11

Drug Substance Release Specification

CQA Anabdical Procedure

Color (Ph. Bur. Color Scale)

Clarity/Opalescence (Ph. Eur. Opalescent Value) (NTU)
pH

O=molality (miCsmifkg=)

Acceptance Criterion |

—

USA only could be Visual Appearance

ldentity of Fancimab by Lys-C Pepiide Mapping <<

Purity by SEUHPLC

Main Peak (area%) molecular volume variants

Sum of HMW Formns (area®)
Purity by NR-CE-SDS»

molecular size variants

Main Peak (%CPA)

Other tests can be used for identity, but ...

ICH Q6B: must be ‘highly specific and based
on unigue aspects of molecular structure or
properties’

Sum of LMW Forms (%CPA)
Purity by IEFHPLC

Main Peak {area%)
Acidic Region (area3)

molecular charge variants

Acidic Peak 2 (area®)

Basic Region (area®)
Content of Protein by UV (mgfmil)
aotency by Biogssgy,

Ant-VEGF by WVEGF-Reporer Gene Assay
(% relaive potency)

Anti—Ang-2 by Tie-2 Phosphorylation Assay
(% relative potency)

Bioburden (CFL/M0 milL)

Bacterial Endotoxins (ELWmL)

Content  Polysorbate 20 by HPLC {mgimL)

2 NR-CE-SDS i also refemred to &= non-reduced CE-SDS in other parts of the dossier.
& mO=molkg and mO=mfkg are considered equvalent terms and are both wsed in the dossier.

N-Glycan %’s, Sialic Acid Content ??
Impurity Profile: HCP, HCDNA, Proteiin A??
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BLA Summary Review for Market Approval — Vabysmo (bispecific, faricimab) — Genentech — 2021

Table P.5.1-1 Drug Product Specification Table P.5.1-1 Drug Product Specification (cont.)
CQA Release Stability Testing Release Stability Testing
Analytical Procedure Acceptance Criterion  Acceptance Criterion Analytical Procedure it iten
Physical State Liquid _ Purity by SE-UHPLC
Color (Ph. Eur. Color Scale) | Main Peak (areat)
Sum of HMW Forms (area%)
Clarity/Opalescence (Ph, Eur. Opalescent Purity by NR-CE-SDS¢
Valug) (NTU) Main Peak {%CPA)
Extractable Volume (Ph. Eur JUSPIP) Sum of LMW Forms (%CPA)
mtvel Content of Polysorbate 20 by HPLC (mgimL)
/isible Faricies Purity by IE-HPLC
Subvisible Particles Main Peak (area%)
Particles 2 10 ym per mL Acidic Region (areak)
Parices > 25 um per ml Acidic Peak 2 (area%)
Particles > 50 ym per mL MMM{_“'“’
b Parts Content of Protein by UV {mafmL)
E"Fh".'“ o Potency by Bioassay
s = e An-VEGF by VEGF-Reporter Gene Assay
Particles 2 25 pm per mL (% rel. potency)
Particies > 50 m per mL Anii-Ang-2 by Tie-2 Phosphorylation Assay
pH (% rel. potency)
Osmolality (mOsmkg) Sterility, Final Container (Ph. Eur JUSPIP)
Identity of Faricimab by Lys-C Peptide Mapping  Positive identity - Bacterial Endotoxins (EU/mL)
" | | | Container Closure Integrity by Helium Leak Test
Aside from the dose form tests, * Visble particles release tesfing is based on AQL testing. Refer to Section P.3.4 Controls of
the product-related tests are Critical Steps and Intermediates. The result will be reported as practically free from particles if
similar to drug substance
¢ mOsmolikg and mOsnvkg are considered equivalent terms and are both used in the dossier.
¢ NR-CE-SDS is also referred to as non-reduced CE-SDS in other parts of the dossier.




Two (2) specific DP process-related impurities that must be examined today
applicable when seeking market approval (even for biopharmaceuticals)

CASE EXAMPLE

The potential presence of elemental impurities in the active substance and finished product has heen
assessed on a risk-hased approach in line with the ICH Q3D guideline for elemental impurities. Four

finished product lots were screened by inductively coupled plasma mass spectrometry (ICP-MS). No
elemental impurities were detected above 30% of the permitted daily exposure. The risk of carryover

of elemental impurities from reagents and materials used for manufacture is considered negligible and
no additional control is required.

A risk evaluation concerning the presence of nitrosamine impurities in the finished product has been
performed considering all suspected and actual root causes in line with the "Questions and answers for
marketing authorisation holders/Applicants on the CHMP Opinion for the Article 5(3) of Regulation (EC)
No 726/2004 referral on nitrosamine impurities in human medicinal products” (EMA/409815/2020) and
the "Assessment report - Procedure under Article 5(3) of Regulation EC (No) 726/2004 - Nitrosamine
impurities in human medicinal products” (EMA/369136/2020). Based on the information provided, it is
accepted that no risk was idenfified on the possible presence of nitrosamine impurities in the active
substance or finished product. Therefore, no additional control measures are deemed necessary.

24 June 2021
Bimzelx bimekizumab UCB Pharma EPAR EMA}'§§3532;2021_
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Wustration of how to carry out a Nitrosamine Risk Assessment Approach

Evaluating Nitrosamines from Elastomers in Pharmaceutical

Prl mary PaCKag I ng PDA Journal of Pharmaceutical Science and Technology

BETTINE BOLTRES* Vol. 76, No. 2, March— April 2022

Principal Scientific Affairs, Packaging & Delivery Systems, Scientific Affairs, West Pharmaceutical Services Deutschland
GmbH & Co KG, Stolberger Str.21 —41,52249 Eschweiler, Germany. © PDA, Inc. 2022

ABSTRACT: Nitrosamines have gained unexpected attention again, triggered by their discovery at significant concentra-
tions in some active pharmaceutical ingredients and pharmaceutical products. Regulatory agencies not only expect the
marketing authorization holders to include a nitrosamine risk assessment in their drug development process but to also
apply it retrospectively to the marketed drug product. As part of this risk assessment, all possible sources of nitros-
amines need to be evaluated. This review provides the chemical background of nitrosamines and elastomeric formula-
tions, the current regulatory status in the pharmaceutical and other industries, and discusses analytical challenges of
nitrosamine measurement. This evaluation of elastomeric components as a potential nitrosamine source proposes how
this information can be used in a drug product risk assessment.
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a Primary predominant source of potential nitrosamines
b Secondary sources of nitrosamines
¢ Formed by a mechanism other than degradation of the drug substance
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A few comments on stability testing during clinical development

Study Condition Value of Study
LONG TERM
(fixed temp, at planned ‘Primary data to support a requested storage period for either
product storage condition) drug substance or drug product should be based on
[typically on study long-term, real-time, real-condition stability studies.’
for years]
‘Studies under accelerated conditions may provide useful
ACCELERATED support data for establishing the expiration date, provide
_ product stability information for future product development
(ﬁ:x?’d{.ter:eps, akzgve label (e.g., preliminary assessment of proposed manufacturing
claim temp storage) changes such as change in formulation, scale-up), assist in
[typically on study validation of analytical methods for the stability program, or
for months] generate information which may help elucidate the degradation
profile of the drug substance or drug product.’
‘Studies under stress conditions may be useful in determining
whether accidental exposures to conditions other than those
FORCED DEGRADATION proposed (e.g., during transportation) are deleterious to the
[typically on study product and also for evaluating which specific test parameters
for days] may be the best indicators of product stability.

Studies of the exposure of the drug substance or drug product to
extreme conditions may help to reveal patterns of degradation
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seeking market approval

| SInlERESCliE e between chemical drugs and biopharmaceuticals

Parameter

Regulatory Requirement

LONG TERM

For ‘Label Claim’

‘Product expiration dating will be based upon
the actual data submitted in support of the application.’

Chemical Drug: min 12 months Biopharm: min 6 months

ACCELERATED

‘Support’ of product stability
Test method validation — ability to detect change

Chemical Drug: min 6 months Biopharm:

CASE EXAMPLE

Vyvgart 23 June 2022

efgartigimod alfa EPAR

EMA/641081/2022

DS

human recombinant immunoglobulin 1(IgG1) derived Fc fragment

DP

A 4
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Drug Substance

The applicant proposed a shelf-life of 36 months for the active substance manufactured at the Lonza
Slough and Lonza Tuas sites, based on stability studies performed in accordance with the ICH Q5C.The

analytical methods and acceptance criteria applied during stability studies are identical to the active
substance release specifications, except for the identity, safety and some process-related impurities. The
stability studies included primary batches (PPQ batches) and supportive batches (clinical batches
produced by previous process versions) manufactured at both sites. Batches were placed on long-term
storage, accelerated storage and stressed storage conditions. Additional stability data were provided.

Available long-term stability data from primary batches showed a stable active substance over 18 months

for the representative PPQ batches and 24 months for the supportive and 36 months for the clinical

batches (former processes) using the tested stability-indicating methods.

Based on the available data for representative batches, a stability shelf-life of 18 months is acceptable

for the active substance.

The stability of the active substance was, moreover, evaluated upon freeze/thaw (F/T) cycles using two
representative batches from either of the manufacturing sites. Given that no changes were found in the
critical quality attributes after several F/T cycles at the long-term storage condition, it was concluded
that the active substance quality was not compromised by this amount of F/T cycles.

Adequate post-approval stability protocol information is presented and acceptable handling of any
confirmed out-of-specification (O0S) is proposed.

In conclusion, the stability results indicate that the active substance is sufficiently stable over the
acceptable shelf-life of 18 months, in the proposed container.
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Drug Product

The applicant proposed a shelf-life of 36 months at +5°C *+ 3°C for the finished product. The stability
studies were performed on primary and supportive batches stored at +5°C *+ 3°C (long-term storage
condition), +25°C * 2°C/60 = 5% relative humidity (accelerated storage condition), and +40°C =
2°C/75 + 5% relative humidity (stressed storage condition), in accordance with the ICH Q5C.

The primary batches included PPQ batches based on active substance sourced from Lonza Slough,

together with PPQ and clinical batches based on active substance sourced from Lonza Tuas. The
supportive stability batches included clinical batches produced by previous process versions at the

commercial or clinical manufacturing site with active substance from either the Tuas or Slough site.
Available long-term stability data from primary batches showed that the tested critical quality attributes
of the finished product were stable and within the shelf-life acceptance criteria. This was supported by
18-36 months of stability data from supportive batches, which demonstrated a comparable and stable

profile of the finished product.

The degradation pattern of the finished product was observed from stability studies using primary and
supportive batches stored under accelerated and stressed conditions. The primary degradation pathways
were identified for all the tested batches. The extrapolation of the stability data from finished product
batches manufactured with active substance coming from former processes to the commercial finished
product batches is not endorsed.

During the assessment, additional long-term stability data was provided for 18 months at 2°C-8°C for

finished product batches representative of the commercial process. In addition, long-term stability data

at 24 months at 2°C-8°C was provided for the initial finished product batches which is not considered
representative of the commercial process. Furthermore, long-term stability data at 12 months at 2°C-
8°C was provided for the primary batches. Based on the additional stability data provided for finished

product batches representative of the commercial process, only a finished product shelf-life of 18 months

at 29C-8°C is acceptable.
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similarities/PIEE=N=ENG =S between chemical drugs and biopharmaceuticals

seeking market approval

Parameter

Regulatory Requirement

LONG TERM

For ‘Label Claim’

‘Product expiration dating will be based upon
the actual data submitted in support of the application.’

Chemical Drug: min 12 months Biopharm: min 6 months

ACCELERATED

‘Support’ of product stability
Test method validation — ability to detect change

Chemical Drug: min 6 months Biopharm:

FORCED DEGRADATION

“While the tripartite guideline on stability [ICH Q1A(R2)]

describes the conditions of the accelerated and stress study,

the applicant should note that those conditions may not be

appropriate for biotechnological/biological products.

Conditions should be carefully selected
on a case-by-case basis.”Jlefocle
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Typical forced degradation study conditions for biopharmaceuticals

CASE EXAMPLE

Table 3.2.P.8.1/ 11: Testing Protocol -Comparative Forced Degradation Study

% Total
impurities and
. v% HMwp | 'mpuritic Assay by
Degradation Factor Condition Time-points by SE-HPLC any indiv @nal RP-HPLC
impurity by
RP-HPLC
pH 2 0,1, 3, Rdays \ \ \
pH stress e
oH 10 0,1,3and 6 ¥ i J
hours
; { ¥ 2
Chemical Treatment | Oxidation (3% H.0,) . 1. € m.d |
hours
0.06.12
Photo Treatment Photo exposure Milhion lux \ \ \
hours
= e Agitation at 250 RPM} 0, 1,3, 7,15 :
Mechanical Stress a1 258°C days \ \ .
3 7.15
60°C 0,1, l Y . Y
o
Stress 1 815
2-8°C (Control) ”' ‘f % 1 v y v
days
Initial time point | Control Gimital time- :
0 hours v V y

(control)

pomt)

BLA Number: 761201
Office of Pharmaceutical Quality

Application Team Lead Assessment Number: 2
Assessment Date: April 15, 2021

Semglee (insulin glargine-yfgn)

Mylan Pharmaceuticals
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Temperature stress forced degradation studies for
EXTRAPOLATION of assigned market-approved product shelf life!

QI1E Evaluation of Stabili{}’ Data

Extrapolation is the practice of using a known data set to infer information about
future data. Extrapolation to extend the retest period or shelf life beyond the
period covered by long-term data can be proposed in the application, particularly
if no significant change is observed at the accelerated condition.

8 C -~ 100°C Arrhenius Plot
ate = — = '
dt
[_ E ] 4- 70°C _
k = Ael RII v gocc  Predicted Ln k
— s value at 25°C
c
—

N 50°C
Reactant Concentration N
Rate constant 2+
Reaction order
Pre-exponential factor
Activation energy
Gas constant
Temperature (K)

0.0025 0.0030 0.0035
1T (K)

I~>me =)= o

By studying the degradation rate at multiple high temperatures, the plot of
these data leads to a degradation rate prediction at a lower temperature 223



0.5
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Graph 1. Conventional accelerated stability testing”
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Graph 2. Accelerated Stability Assessment Program ¥ temp 50-800C; relative humidity 10-75%

Arrhenius
study

(Arrhenius
equation)

ASAP
study

(humidity-corrected
Arrhenius equation)

highly predictive
for chemical

drug tablets
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But, for BIOPHARMACEUTICALS,

Arrhenius Plots may not be reliable to predict shelf life

= Chemical Drugs Biopharmaceuticals
61 e 6-
4- 70°C ‘ 4-
< 60°C T:,ﬁfﬁdzéf Ck ~< Predicted Ln k
5 50°C 5 value at 5°C
27 2 37°C _ \
30°C N+
25°C-.
0 ; ' 0 . -1
0.0025 0.0030 0.0035 0.0025 0.0030 0.0035
11T (K) 11T (K)

limited test temperature range results in higher
unpredictability (i.e., wider confidence limits)
for true rate of instability

Biopharmaceuticals require real-time, real-condition data from the

labeled claim stability to justify the shelf life of the drug product
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Insights from the evaluation of an IgG1 mAb product portfolio by
an Arrhenius-based model

Predicted shelf-life X: mADb would have failed
based on shelf life specification if
Arrhenius Plot set on ‘predicted rate’
1 24m 33m X

38%
2 24m 25m 4%
3 36m 36m 0
4 30m 36m 20% X
5 24m 37m 54% w

Using Prior Knowledge for Setting the Shelf Life of

BIO[OQICS PdeUCtS Boris Zimmermann, Senior Director Global Quality Control Cﬁ'\SSS CMC FUI’UIT] 2022
Genentech, A Member of the Roche Group
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COMBINATION PRODUCT




Biologic

Definition of ‘Drug’ - Section 201(g) of the FD&C Act (21 USC 321(g))

articles intended for use in the diagnosis, cure, mitigation,
treatment, or prevention of disease in man ...

21 CFR 211

Definition of ‘Device’— Section 201(h) of the FD&C Act (21 USC 321(h))

an instrument, apparatus, implement, machine, contrivance, implant, in vitro
reagent, or other similar or related article, ... intended for use in the diagnosis of
disease or other conditions, or in the cure, mitigation, treatment, or prevention
of disease, in man, or intended to affect the structure or any function of the body
of man, and which does not achieve its primary intended purposes through
chemical action within or on the body of man and which is not dependent upon
being metabolized for the achievement of its primary intended purposes

21 CFR 820

Definition of ‘Combination Product’
a product comprised of two or more regulated components ...

(which together achieves the intended use, indication or effect) (PMOA -
primary mode of action — determines which FDA Center drives the review)

21 CFR 3.2(e)
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A container closure system that only holds a biopharmaceutical
is not a device - therefore, not a combination product

Glass vial
Rubber septum

NDC50242-109-01
Rituxan Hycela™
(ituimab and
hyaluronidase human)’
Injection "

For Subcutaneous Us
Single-Dose Vial. T
Discard Unused Ponipn. ]

T T e
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Antibody-Drug Conjugates (ADCs) are combination products

Q.11.3. What type of marketing application should be submitted for a proposed

antibody-drug conjugate?
[Final December 2018]

A BLA should be submitted for a proposed monoclonal antibody that 1s linked to

AIL3.
a drug (antibody-dimg conjugate). EDA considers an antibodv-drug conjugate to

he a combination product composed of a biological product constituent part and a
drug constituent part (see 21 CFR 3.2(e)(1): 70 FR 49848, 49857—49858 (August

25,2005)).

irrespective of whether the biological product constituent part or the drug
constituent part 1s determined to have the primarv mode of action. For more

- Target antigen should be highly expressed on tumour
cells with limited expression on healthy tissues

« Antibody should have high affinity and avidity for
tumour antigen

- Questions and Answers on Biosimilar Development
and the BPCI Act

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

Antibody

Linker
| Drug

l | September 2021

- Stable in circulation +Highly potent since only a
limited number of molecules

« Must efficiently release the !
cytotonic agent inside tumour cell can be attached to the antibody




Biopharmaceutical Solution in a Prefilled Syringe

Biopharmaceutical mADb treats Crohn’s disease

Syringe for delivering drug

<

- 5 02 / 2 /
Q »
V4
r

A~y
T

PMOA: biopharmaceutical (BLA, CDER)
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Current Good Manufacturing Practice

Requirements for Combination Products January 2017

“Streamlined” cGMPs for a Combination Product

Streamlined approach: Either of the two approaches permitted under 21 CFR part 4, which

allows combination product manufacturers to demonstrate compliance with both the drug
CGMPs and device QS regulation by designing and implementing a CGMP operating system
that demonstrates compliance with part 211 or part 820 1n 1ts entirety plus specified provisions of

the other set of regulations.

Biopharmaceutical in a prefilled syringe
must meet full cGMPs for the biopharmaceutical
+ must meet streamlined cGMPs for the device
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Drug CGMP-based streamlined approach: A CGMP operating system that 1s mtended to
demonstrate compliance with all of the provisions from the drug CGMPs and the following
yrovistons from the device QS regulation n accordance with 21 CFR 4.4(b)(1):

(1) 21 CFR 820.20 Management responsibility

(1) 21 CFR 82030 Design controls

(1) 21 CFR §20.50 Purchasimg controls e
(1v) 21 CFR 820.100 Corrective and preventive action [ G o
(v) 21 CFR 820.170 Installation

(vi) 21 CFR 820.200 Servicing
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The device has to be approved at the same time as the biopharmaceutical!

, LEO Pharma A/S
Meeting Type: Type B ADBRY _
Meeting Category: Pre-BLA Question 6:

Does the Agency agree on
the submission strategy for
the accessorized prefilled

Meeting Date and Time: May 1, 2019; 9:00 — 10:00 AM ET

Meeting Location: FDA, White Oak Building 22 syringe functional

performance information
Application Number:  IND 123797 and human factors studies?
Product Name: tralokinumab injection

FDA Warning: ‘As the owner of the combination product it is expected
that you maintain the quality control strategy, including design controls, for
the device constituent parts of your product.’

FDA’s meeting minutes listed the specific streamlined cGMPs for the prefilled syringe

BUT... BLAfiled April 2020 — Complete Response Letter April 2021

While the testing provided evidence for performance of the 510(k) cleared needle

safety device component, the testing did not include testing of your final finished

combination product or testing after the requested representative preconditioning
(aging of the device, dropping of the device, and simulated shipping).

BLA resubmitted to address device GMPS, and approved December 2021 (6 month delay)
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EMA guidance for handling biopharmaceuticals with integral devices
(prefilled syringes, etc.)

assessment of performance of the device

\

As a general principle for medicinal product&falling within the scope of this guideline, the assessment of

the suitability of a device (part) for its intended purpose should take into account the relevant quality
aspects of the device (part) in the context of its use with the medicinal product. The complexity of the

device (part), relevant patient characteristics and user requirements, as well as the clinical setting or
use environment, are also important aspects of the assessment process. The medicinal product dossier
should include a discussion of the impact of the device (part) on the Quality Target Product Profile (QTPP),
Critical Quality Attributes (CQA) and overall control strategy of the medicinal product.

\assessmem of impact on the product

Guideline on quality documentation for medicinal products
when used with a medical device 22 July 2021

EMA/CHMP/QWP/BWP/259165/2019

235



Critical Importance of Human Factor Studies with Devices

If someone can do something dumb with your combination product, they willV

You are in an emergency room and a patient rushes in with a
life threateniing event. Do you know how to inject the life-saving drug?

Epinephrine for
anaphylactic shock

Insulin for diabetic
hyperglycemia coma
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Applied Risk-Management Across the Manufacturing Process

Drug Reconstitution Holdin Deliver Administered
Product Dilution o / Drug Product

Compatibility Time, Temp 7 Recovery

with Diluents (vial to vein)
Physicochemical Precipitation
Stabilit
_ _y' Surface
Microbial Adsorption
Bioburden

CMC team needs to be aware of how the biopharmaceutical drug product is
handled in the clinic, and kept up-to-date, if changes are made at a later date!
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MINIMUM CMC Regulatory Compliance CONTINUUM

stability, handling of biopharmaceutical drug product in clinic setting

during clinical development

In-use stability data should be presented for preparations intended for use after reconsttution,

dilubion, mixing or for multidose presentations. These studies are not required if the preparation is to

be used immediately after opening or reconstitution.

EUROPEAN MEDICINES AGENCY

Guideline on the requirements for quality documentation 27 January 2022

concerning biological investigational medicinal products in EMA/CHMP/BWP/534898/2008 Rev. 2

clinical trials

seeking market approval

Microbiological studies in support of the post-reconstitution and/or post-dilution

storage conditions. Describe the test methods and results that employ a

minimum countable inoculum (10-100 CFU) to simulate potential microbial
contamination that may occur during dilution. The test should be run at the label’s
recommended storage conditions, be conducted for twice the recommended
storage period, bracket the drug product concentrations that would be
administered to patients, and use the label-recommended reconstitution solutions
and diluents. Periodic intermediate sample times are recommended. Challenge
organisms may include strains described in USP <51> Antimicrobial
Effectiveness Testing, plus typical skin flora or species associated with hospital-

borne infections. In lieu of this data, the product abeling should recommend that
the post-reconstitution and/or post-dilution storage period is not more than 4

hours.

Nexviazyme (Avalglucosidase alfa-ngpt ) — Administrative and

FDA Drug Databases: Drugs@FDA — FDA Approved Drug Products —

Correspondence Documents — Pre-BLA Meeting Minutes (June 30, 2020)
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In-Use Stability

CASE EXAMPLE

Uplizna
Inebilizumab-cdon 1s a CD19-directed humanized afucosylated IgG1 monoclonal antibody

11 November 2021
EMA EPAR EMA/266309/2022

In-use stability results, performed as part of the compatibility studies (described in P.2), support the

maximum intended hold times of 4h at 25°C and 24h at 2-8°C of FP diluted into 0.9% (w/v) saline

solution. The results demonstrate that there was no change (only change within method variability) in
appearance, purity, charge isoforms, and potency, or any undesired changes in protein concentration

when FP was diluted into 0.9% (w/v) saline, or upon subsequent agitation and hold, with all

administration components tested. There was no_sub-visible particle formation upon dilution, or upon
subsequent agitation and hold at the final timepoint compared to the initial timepoint. Also, any sub-
visible/visible particles observed for samples obtained through the injection port (pre-in-line filter) are
removed after passing through the in-line filter (post-in-line filter).
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In-Use Stability e , L _
BLINCYTO (blinatumomab) for injection, for intravenous use

CASE EXAMPLE  Imitial U.5. Approval: 2014 bispecific antibody FDA
package insert

Table 1. Storage Time for Reconstituted BLINCYTO and IV Solution Stabilizer

Maximum Storage Time
of Prepared IV Bag Containing
BLINCYTO Solution for Infusion

Maximum Storage Time
of Reconstituted BLINCYTO Vial*

Room Temperature Refrigerated Room Temperature Refrigerated
23°Cto 27°C 2°C to 8°C 23°C to 27°C 2°C to 8°C
(73°F to 81°F) (36°F to 46°F) (73°F to 81°F) (36°F to 46°F)
4 hours 24 hours 48 hours' 8 days

# While stored, protect BLINCYTO and IV Solution Stabilizer vials from light.

' Storage time includes infusion time. If IV bag containing BLINCYTO solution for infusion is
not administered within the time frames and temperatures indicated. it must be discarded: it
should not be refrigerated again.

2.4.2  Aseptic Preparation

Aseptic technique must be strictly observed when preparing the solution for infusion since BLINCYTO
vials do not contain antimicrobial preservatives. To prevent accidental contamination. prepare
BLINCYTO according to aseptic standards. including but not limited to:

Preparation must be done in a USP <797> compliant facility.
Preparation must be done in an ISO Class 5 laminar flow hood or better.
¢ The admixing area should have appropriate environmental specifications. confirmed by periodic
monitoring.
¢ Personnel should be appropriately trained 1n aseptic manipulations and admixing of oncology drugs.
¢ Personnel should wear appropriate protective clothing and gloves.
Gloves and surfaces should be disinfected.
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Summary: Applied Risk-Management Across the Manufacturing Process

<I‘ RAW MATERIALS >

Starting : o
[ Materials ] [ProductlonJ [Purlﬂcatlon Drug
Substance

|

Bulk Drug Formulation Filling Drug
Substance (Excipients) (Container Closure) Product

NN

|

|

Drug Clinical Use Patient Administered
Product Preparation Administration Drug Product

Questions?? 241
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CMC Regulatory Compliance Strategy
for Recombinant Proteins and Monoclonal Antibodies

Course Outline

4. Challenges of Demonstrating Protein-Based
Biopharmaceutical Comparability After
Manufacturing Process Changes

« Three (3) risk-based concerns that must be addressed
for all proposed changes

— risk at the stage of clinical development
— risk due to the nature of the planned process change
— risk due to remaining residual uncertainty

» Opportunity for comparability ‘contracts’ (PACMPs)
when seeking market approval
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T0 IMPROVE IS TO

CHANGE

T0 BE PERFECT IS TO

CHANGE
OFTE

~ Winston Churchill ~

Resistance is futile.

Always something about a biopharmaceutical manufacturing process
that needs (or someone wants) to be changed!

1) Improving manufacturing process robustness and control
— Replacing a chromatography resin type to improve process-related impurity removal
— Manufacturing site change to enhance cGMP compliance

2) lmproving biopharmaceutical purity, gquality, or safety
— Addition of a new chromatography polishing step
— Tightening of biopharmaceutical release and/or shelf-life specifications

3) Increasiing manufacturing capacity
— Exchanging a recombinant cell line to one with higher biopharmaceutical productivity
— Scale-up (or scale-out) to increase production capacity

4) Business reasons
— Reduction in cost of goods (COGs)
— Acquisitions/mergers requiring manufacturing site changes

But ... every manufacturing process change should provide
added value to offset the potential risk due to change!
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STANDARD TO BE MET FOR CONFIRMING PRODUCT COMPARABILITY

equivalent ‘highly similar’
increasing molecular complexity

i
L
72
! & 74
% ok
Aspirin I IFN alfa ~1300AA, ~2330AA,
MwozmallssAA,Mw 19kDa MW: ~150 kDa ostr e
| ] _’_-m
l
Chemicals | Recombinant DNA Blood- Immunologicals Advanced

[ technology derived therapy



Challenge of ensuring that the biopharmaceutical remains
“HIGHLY SIMILAR?” after a manufacturing process change

But what is “HIGHLY SIMILAR”?

‘not identical’ ‘not equivalent’

“any differences in quality attributes have no adverse
impact upon safety or efficacy of the drug product”

“minor differences in clinically inactive components”

“no clinically meaningful differences”
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“HIGHLY SIMILAR?” is subjective!

depends upon which attributes are compared
(primary structure, color, or all properties)

depends upon who is evaluating
(yow, CMC team, Executive Mgmt, or FDA/EMA)

same standard applied

‘Highly Similar’ applies to innovator manufacturers
‘Highly Similar’ applies to biosimilar manufacturers
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Risk/Benefit assessment due to a manufacturing process change

‘comparability exercise’

Prior to
FIH Clinical Development
Studies

Commercial

Comparability Exercise

(to occur whenever a process change is consider,
at any time, across the entire product lifecycle)

COMPARABILITY OF BIOTECHNOLOGICAL/BIOLOGICAL PRODUCTS
SUBJECT TO CHANGES IN THEIR MANUFACTURING PROCESS

Q5E
2004

“The goal of the comparability exercise is to ascertain that pre- and post-change
drug product is comparable in terms of quality, safety, and efficacy.”
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3 risk-based concerns addressed by
an effective comparability study

Assess the level of risk

a

due to the STAGE of
clinical development when
the change is planned

‘minimum CMC regulatory
compliance continuum’

248



Comparability exercise goal at different stages of clinical development
ICH Q5E

Where changes are introduced in development before nonchnical studies, the 1ssue of
assessing comparahility 13 not generally raised because the manufacturer
subsequently conducts nonclinical and clinical studies using the post-change product
as part of the development process. During early phases of nonchinical and clinical
studies, comparability testing 13 cenerally not as extensive as for an approved

nroduct. As knowledee and mformation accumulate. and the analytical tools develop.
the comparability exercise should utilise available mformation and will generally

hecome more comprehensive. Where process chanees are introduced in late staces of
development and no additional clinical studies are planned to support the marketing
authorisation, the comparahility exercise should be as comprehensive and thorough as
one conducted for an approved product. Some outcomes of the comparability studies
on quality attributes can lead to additional nonclinical or clinical studies.

Risk-based concerns increase as the stage of clinical development advances
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.\ - —
(o) (o)
& -
Early Stage
Clinical
(FIH)

Middle Stage Late Stage
Clinical Clinical
(Pivotal)

Increasing potential risk due to STAGE of clinical development

ICH Q5E: Product Comparability Testing by Clinical

Stage

Prior to Clinical

not required

Early Clinical Stage

not as extensive

Mid Clinical Stage

becomes more comprehensive

D TW N | =

Late Clinical Stage

comprehensive & thorough*

Commercial

comprehensive & thorough*

(illustrates the ‘minimum CMC regulatory compliance continuum’ strategy)

* Change can impact
statistical efficacy or safety
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FDA'’s heightened level of concern for manufacturing process changes
Case Example immediately before a pivotal clinical study

Novartis at an EOP2 meeting sought FDA advice on changing
(1) the MCB, (2) the manufacturing process and (3) the manufacturing site for a mAb

Clinical and toxicological studies performed to date for erizanlizumab under IND 110,752 were
conducted using Selexvs material (1.e. SelGl mAb) produced in- CHC.cells
. To ensure supply of future chinieal studies as well as commercial demand, Novartis has
ophimzed the production of crnizanbzumab, The Novartis matenal (1.e. SEGI01 mAb) 1s
produced in the Novartis and drug substance and drug product will
be manufactured in Novartis sites. Novartis imtends to demonstrate comparability between
Selexys matenial (used in curent Phase | and I[ studies) and Novartis matenal (to be used
tuture climical’ toxicological studies and as commercial product) with a comparability package
comprising analytical m-vitro-companson m accordance with ICH QSE, a study i the
omolens monkey and a smdy m human healthy subjects.

Selexys based in Oklahoma, USA — Novartis based in Switzerland
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MEMORANDUM OF MEETING MINUTES

Meeting Type: Type B
I Meeting Category: End of Phase 2
| Wm_?{ Meeting Date and Time:  February 28, 2017, 11:00 AM — 12:00 PM ET

Based on the prelmimary dafa provided m the meeting packages. the proposed commercial
crizanlizumab product manufactured at Novartis differs from the Selexvs material i

" Your nonclimical study results with cynomolgus monkeys
also indicated that these ditterences may potentially impact the PK of erizanlizumab. If such
differences are confirmed through analyses of addiional post-change lots. you will need to

provide lmman PE/PD data to demonstrate that the differences have no impact on the safety and
efficacy.

The Agency has concerns regarding your ability to demonstrate comparability of the pre- and
post-change products based on the information provided. Given the above, your proposal to
submut an application that relies on climeal data from studies which use the old product 15 nsky.
You should consider conductg a climeal tral using the new product to demonstrate safety and

efficacy.

ADAKVEO® (crizanlizumab-tmca)

FDA market approved November 2019 — manufactured in Switzerland by Novartis

Translation: stronger Phase 3 clinical package needed
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‘sooner than later’ is preferred for manufacturing process changes

But that doesn’t mean that changes cannot be successfully managed during
late stage or even after commercial approval. It’s just a higher level of risk!

_ T
m Eﬂ
EMA approved manufacturing process m Mo of changss wim high risic
changes for commercial mAbs m Mo of changas wilh moderaie risk
m Mo of changeas wit low sk
410

o
CURRENT MIDICAL RESEARCH AND OPINION, 2016 ﬁ
VDL 32 NO.S, EX-EM 553




3 risk-based concerns addressed by
an effective comparability study

Assess the level of risk

due to the STAGE of
clinical development when
the change is planned

/ \

Assess the level of risk
due to the NATURE

(type, extent, process location)
of the planned process change
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Assessment of level of risk due to the NATURE of the proposed change

ICH Q5E

The process assessment should consider such factors as the criticality of the process

step and proposed change, the location of the change and potential for effects on other

process steps, and the type and extent of change. Information that can aid this
assessment 1s generally available from several sources. The sources can include
knowledge from process development studies, small scale evaluation/validation
studies, experience with earlier process changes. experience with equipment in
similar operations, changes in similar manufacturing processes with similar products,
and literature. Although information from external sources 1s useful to some extent,
it 1s within the context of the specific manufacturing process and specific product that

the change should be assessed.

Consider potential risk due to:

« Criticality of process step undergoing change
» Location of change in overall manufacturing process
+ Downstream impacts
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Additional Raw Removal of a Starting Materials,
Material Vendor Process Control Mfg Site Transfer

Increasing potential risk due to NATURE of process change

Is there any Regulatory Authority guidance available on
correct risk-level assignment due to the NATURE of process change?

During clinical development: YES (for type of proposed change)

—
Guideline on the requirements for quality documentation
concerning biological investigational medicinal products in
EUBQPE?NME[?]QNES AGENCY clinical trials 27 January 2022

EMA/CHMP/BWP/534898/2008 Rev. 2
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Changes to IMPD

Substantial Modification (SM)

Non-substantial Modification (NSM)

Manufacturing process of
the active substance

Changes such as:

new expression cell line

new master cell bank

introduction of a working cell bank if
prepared from an approved MCB
change of a raw material of
biological origin

changes to the viral safety tests

performed on cell banks or
unprocessed bulk batches,

change in scale of the production
bioreactor (upstream process),

changes to the cell culture
conditions potentially impacting on
quality attributes

Manufacturing process of

the investigational
medicinal product

Significant changes to the
manufacturing process and critical
process controls (e.g. bioburden
limit)

Addition or tightening of IPC if not due
to safety reasons

Modification of the process parameters
(same process, analogous raw materials)
where no effect on product quality is
demonstrated.

reprocessing if adequately described and
accepted in the initial submission

minor changes in the manufacturing

process which do not require a
comparability exercise

changes to the controls of non-critical
raw materials

Modifications of process parameters
(same process) where no effecton
product quality is demonstrated.

Scale-Up of filling process if supported
by appropriate media fills.

Substantial modification means any change which is likely to have a substantial impact on the safety and rights of the
subjects or on the reliability and robustness of the data generated in the clinical trial. Subbstantial modifications require
regulatory approval to implement. Non-substantial modifications, documentation should not be proactively submitted.
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Is there any Regulatory Authority guidance available on
correct risk-level assignment due to the NATURE of process change?

Market approval and post: YES (for type of proposed change)

3.2.1 ECs Definition Established Condition

Q12 ECs are legally binding information considered necessary to assure product quality. As

a consequence, any change to ECs necessitates a submission to the regulatory authority.

EMA Risk-Level for Process Change
Moderate Risk Minor Risk

Type Il Variation Type IB Variation Type IA Variation
(formal approval) (30 day wait) (Annual Reporting)

Variation Guidelines 2013/C 223/01

https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-
2/c 2013 2008/c 2013 2008 pdf/c 2013 2804 en.pdf

FDA Risk-Level for Process Change

Moderate Risk Minor Risk
Prior Approval Change Being
Supplement (PAS) Effective (CBE-30) | /\nhual Report

21 CFR 601.12 758



CAUTION

FDA has issued numerous guidances on level of risk for post-market approval

Changes to an Approved Application
for Specified Biotechnology and

Specified Synthetic Biological Products

CMC Postapproval
Manufacturing Changes for
Specified Biological Products
To Be Documented in Annual

Reports

Guidance for Industry

""""

Postapproval Ch

to Dr stances
uidance for Industry

b
s
----
.
s

e
)
""""
Py
s

"""

Products

Food and Drug Administration
Center for Biologics Evaluation and Research
Center for Drug Evaluation and Research

1997

Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

2021

Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

2018

Food and Drug Administration
Center for Biologics Evaluation and Research
Center for Drug Evaluation and Research

2021

manufacturing process type changes — BUT they have limitations by product type

Inclusion

BLAs
recombinant proteins,
mAbs, biosimilars

Inclusion

BLAs
recombinant proteins,
mAbs, biosimilars

NDAs ANDAs
Chemical Drugs

Specific BLAs only:
Advanced Therapy
Vaccines
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Process changes mcluding, but not limited to,

. extension of culture growth time leading to significant increase i number of cell
doublings beyond validated parameters:

. new or revised recovery procedures;

. new or revised purification process, mcluding a change in a column;

. a change in the chenustry or formulation of solutions used m processing:

. a change in the sequence of processing steps or addition, deletion, or substitution of a

process step: or

L. Addition of duplicated process cham or unit process, such as a fermentation process or
CBE duplicated purification columns, with no change in process parameters.
2. Addition or reduction m number of pieces of equipment (e.g., centrifuges, filtration devices.

. g VESssels, S. CIC. ac lev a C g 1 1 ‘Cc . Ce as ..: Vi
blending vessels, columms, etc.) to achieve a change m purification scale not associated with a
process change.

[¥]
H

Manufacturing batch size or scale change caused by minor changes in the size of pooled
or separated batches to perform the next step in the manufacturing process if all batches
meet the approved in-process control limits and the critical process parameter ranges for
the next step remain unaffected.

AR

(Y]
_Ix.J

Changes to batch sizes that do not involve use of different equipment (e.g., minor
changes 1n roller bottle number, fermenter volume, or load volumes for chromatography
columns).
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3 risk-based concerns addressed by
an effective comparability study

Assess the level of risk
due to the STAGE of
clinical development when

the change is planned

Address the level of risk due to
RESIDUAL UNCERTAINTY
STILL REMAINING

after all required testing is completed

\.

Assess the level of risk

due to the NATURE
(type, extent, process location)
of the planned process change

J
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ICH QSE: ‘Determinations of product comparability can be based
solely on quality considerations, if the manufacturer can provide

assurance of comparability through analytical studies.” 262



QUALITY
(Analytical/Functional Studies)

.. . ICH Q5E
Composed of 3 main studies

a) Consistency batches (spec comparison before and after change;
including a historical data analysis for ‘drift’ in CQA values)

b) Relevant, comprehensive physicochemical, biological and
functional assay characterization (head-to-head testing preferred)

c) Accelerated and Stress stability slope comparison (differences in

rate of molecular variant formation)
—

(Regulatory Authority expectation for predefined acceptance criteria
needed for defining ‘highly similar’)
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#la Consistency batches (spec comparison before and after change)

> Acceptance criteria should be established and justified based on data
obtained from lots used in preclinical and/or clinical studies, data from lots

used for demonstration of manufacturing consistency and data from stability
studies, and relevant development data ICH Q6B

> Specifications ... should be based on risk to clinical performance, not what
can be achieved by process Janet Woodcock (former CDER Director)

acceptance criteria for
comparison

(higher confidence in

I Increased tightness of

—
Process knowledge increase spec comparison)
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U.S Food and Drug Administmtion

Fingerprinting T O
i #1b Relevant, comprehensive physicochemical,
biological and functional assay characterization
2 s\ ‘..."j'!- e .
Sequence & Modifications £ S 2
Higher =« = . V.
Order e | g J |
Strudure Bioactivity oAt &S
o L guisbret
Glycoforms i . ",

WMustration of comprehensive physicochemical characterization comparability

LC/MS for a biosimilar mAb —
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Waters
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Statistical Analysis for Similarity

Quality Attribute Limits

: Equivalence test:
Very high d ;
o 90% CI of mean t1.50p
criticality : |
difference | |
-6 0 6
. o Rituxan® i & Q¢ dp E
High to moderate 2 90% lots within £2SDOr ol | o @Omgge o
criticality quality range +3SD  mabmhens i o © p0oo E
75 85 a5 105 115
Low criticality or Presentation of : , _
L. : Visual A-»---Jﬁm gr‘jl
qualitative test raw/graphical data oLk B
22 us. FooD & DRUG Statistical Approaches to
| Evaluate Analytical Similarity Tier 1: Protein Content, Bioassay
September 2017 Tier 2: Size Variants, Charge Variants
(withdrawn in 2018, but ...) Tier 3: Peptide Map, Secondary Structure




Statistical considerations for Step 1 analytical/functional comparability

Figure 1 Figure 2 Figure 3

‘Distributions can be different regarding location (Figure 1),

“Similarity Condition”

spread (Figure 2) or combinations thereof (Figure 3).
As ‘similarity’ is context-dependent, no universally
applicable/agreeable similarity condition exists.’
« Similarity in ‘distributions’ - Figure 1
* Similarity in ‘means’ - Figure 2
« Similarity in ‘overlap of distribution’ — Figure 3

O

Reflection paper on statistical methodology for the
comparative assessment of quality attributes in drug

development 26 July 2021
EMA/CHMP/138502/2017

BIOSIMILARS

Considering the inherent heterogeneity present in
protein products and the expected lot-to-lot variability
stemming from manufacturing processes, the Agency

recommends that a sponsor include at least 10
reference product lots (acquired over a time frame
that spans expiration dates of several years), in the
analytical assessment to ensure that the variability of

U.S. FOOD & DRUG

ADMINISTRATION

Development of Therapeutic Protein Biosimilars: Comparative

the reference product is captured adequately... Analytical Assessment and Other Quality-Related Considerations
The Agency recommends that a sponsor include at s May 2019
least 6 to 10 lots of the proposed product in the (-.. reappeared but deleted ‘tier))
comparative analytical assessment .... 268




#lc Stress stability rate of degradation slope comparison
(rate of molecular variant change due to temp stress)

Figure 11 - CEX-HPLC acidic, main, and basic peak degradation rates for ABP215,

US-licensed Avastin, and EU-approved bevacizumab at 50°C
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Source: Figures excerpted from the Applicant's 351(k) BLA submission

13 July 2017 Oncologic Drugs Advisory Committee Meeting Briefing Document
ABP 215, a proposed biosimilar to Avastin®

Amgen Inc
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CASE EXAMPLE » i
Regulators expect to see a full comparability exercise!

MAA filing: “mAb used for clinical trials not comparable to commercial mAb”
‘ Justification based only on comparison of specifications (step 1a)

A major objection Was raised regarding comparability between the clinical material and the commercial

material. Additional data from extended characterisation, in-process controls, and short-term stressed stabhility

studies (batch release data was submitted with the original application) was provided in response to the major

objegtion and deemed satisfactgry, but ... full Step 1 added (#1b and #1c) during MAA review
/

The comparability studies were performed according to ICH QSE, and batches were compared based on routine
in-process data, release testing, characterization testing, and short term stressed stability data with

la C
prospectively defined acceptance criteria. ° '

In conclusion, based on the submitted data, comparability has been considered demonstrated for the process
changes.

Takhzyro (lanadelumab) 18 October 2018

Shire
CHO-based EMA/794314/2018
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Goal: reduce RESIDUAL UNCERTAINTY

STEPwise

Determinations of product comparability can be based solely on quality considerations

(see section 2.2) if the manufacturer can provide assurance of comparability through

analytical studies as suggested in this document. Additional evidence from

nonclinical or clinical studies 1s considered appropriate when quality data are

insufficient to establish comparability. The extent and nature of nonclinical and
clinical studies will be determined on a case-by-case basis in consideration of various
factors, which include among others: ICH Q5E
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Acceptable Residual Uncertainty

Step 3 CLINICAL

(if Steps 1 and 2 are not sufficient)
v
L

\
Step 2 NON-CLINICAL
(if Step 1 is not sufficient)
. J
4 x N

Step 1 QUALITY

Not Acceptable Residual Uncertainty

Innovator

Biopharmaceutical Optional, only if necessary to reduce residual uncertainty

Mandatory (does not have in-depth CMC knowledge of
innovator’s manufacturing process)

Biosimilar
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CASE EXAMPLE _ _
Innovator Biopharmaceutical

addressing residual uncertainty across two major manufacturing process changes
Step 1 for drug substance/product + Step 3 (Human pK) for drug product

Three versions of the active substance manufacturing process have been used during the clinical

development: Process 1 (C1), Process 2 (C2) (Clinical) and Process 2 (C2) (Commercial). The active

substance manufacturing history has been described in sufficient detail.

To support comparability between the different manufacturing processes two formal ICHOSE compliant

comparability evaluations were performed. An initial comparability assessed early (C1) to late phase (C2)

processes and a commercial comparability, which assessed late phase (C2) to commercial phase process
(C2). Furthermore, a Phase 1 clinical comparative pharmacokinetic study was also performed as part of the

overall assessment of the comparability of the commercial finished product to the clinical finished product.

Vyepti 11N ber 2021
Lundbeck A/S yep Assessment report EMAf9446/2022

eptinezumab
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CASE EXAMPLE

Biosimilar vs Innovator

Step 1 showed glycosylation differences; residual uncertainty addressed by Step 3 (human pK)

0.12

0.1 -

o
=]

8

Ogivri glycosylation not comparable to Herceptin

Total Sialic Acid

FANFAN
A
2%
< PN AN =
Rese e 00 =
<« o0 MM 11 O3
L s = ==
< = =
o

(moles of NANA/moles of protein)
)
Q
(3]

@ US-Herceptin & MYL-14010 BEEU-Herceptin

mol/mol). MYL-14010 lots with minor differences in glycosylation with respect to the US-
Herceptin lots were included among those used in clinical studies. Residual uncertainty about

biosimilarity that resulted from the differences in high mannose and sialylated glycans is

adequately addressed by data that showed no impact of these differences on PK. These

Mylan

2017 FDA Advisory Committee Meeting
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Preparing for FUTURE manufacturing process changes
with a regulatory authority signed ‘contract’

B
Pr;owr-'m - Devevopmem>> "nde>-

|I Comparability Contract

FUTURE process changes

EMA, ICH: post approval change
management protocol (PACMP)

FDA: comparability protocol (CP) = PACMP
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E

Traditional Prior-Approval Supplement
Plant Trial

PA Supplement Write-Up
FDA Rewview and Approval
Implement*

With Compara bilitz Protocol
CP Supplement Write-Up

q FDA Review and Approval
Plant Trial
CBE-320 Supplement Write-Up
FDA Rewview

* Implement
| | | | | | | | | | | | |
- | | | | | | | . | | | | | |

[
]
—8 —6 —4 —2 0 2 4 6 8 10
Time (months)

Note, total elapsed time sometimes is longer with the contract route,
but time to implement a process change after completion is shorter!

Benefits of a requlatory authority contract

(1) Uncertainty risk reduction — regulatory authority has reviewed and approved of
what you are doing — should be no surprises when work and report is finished

(2) Downgrade of regulatory review requirements (PAS — CBE-30 — AR;
Type Il — Type 1B) — quicker final release of biologic batches into inventory

3) Higher certainty of maintaining commercial inventory supply
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Critical basics for obtaining these contracts!

— PHARMACEUTICAL PRODUCT LIFECYCLE MANAGEMENT

; ).C ICH TECHNICAL AND REGULATORY CONSIDERATIONS FOR
harmonisation for better health
Q12 November 2019

Step 1. Submission of a written protocol that describes the proposed change(s). ifs
rationale(s). risk management activities. proposed studies and acceptance criteria to

assess the impact of the change(s). other conditions to be met (e.g.. confirmation that
there 15 no change to the approved specification), the proposed reporting category for
the change(s). and any other supportive information (see also below). The
PACMP document can be located in CTD Module 3.2.R.* This protocol is reviewed

and aggmved blf the rf:gla’mg authoritv in advance of execution of the Emmcﬂl.

Weakest Links
» Under-estimating amount of detail to provide in request
» Inadeguate pre-defined acceptance criteria for confirming ‘highly similar’!
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Typical comparability contracts submitted in a BLA
(these were all approved by FDA)

Drug Substance:
i. Protocols approved:
1. Qualification of new cell banks (Section 3.2.S.2.3)
2. At-scale chromatography resins/membrane lifetime study (Section

3.28.25)

3. Requalification of primary and working reference standards (Section
3.2.8.5)

4. Qualification of new primary and working reference standards (Section
3.2.8.5)

5. Ongoing stability studies and post-approval annual stability protocol
(Section 3.2.P.8.2)

Fyhletra Kashiv BioSciences, LLC EDA BLA CMC Review
(pegfilgrastim-pbbk) 05/10/2022

Note, if it is not in writing from the regulatory authority,
it is not an approved future manufacturing process change protocol?
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CASEEXAMPLE  EMA review of a proposed PACMP

future additional manufacturing DP site for a mAb Assessment report

25 February 2021

Jemperli
P GlaxoSmithKline EMA/176464/2021

dostarlimab

The post-approval change management protocol (PACMP) presented in the dossier outlines the
comparability plan for the addition and implementation of an alternate commercial site for the
production of Jemperli 50 mg/mL finished product. The alternate site will be added post-approval as an
additional site of manufacture, primary packaging, inspection, secondary packaging and labelling,
storage, and batch release testing of finished product to expand manufacturing capacity and mitigate
supply continuity risk. The finished product may in future be sourced from both the finished product
sites upon approval of the post-approval variation.

An ongoing process verification approach that integrates process development and process
validation/qualification will be included into an overall program aimed at increasing the level of process
knowledge and understanding, to ensure that the process is operated under a state of control. The
potential differences between the manufacturing process as run at the current finished product site and

the process at the alternate site are minimal.

The alternate site will execute batches at commercial scale, after technology transfer of the process to
the site. Comparability studies will be performed. The product quality assessment will consist of the
release testing results, higher order characterization analysis, and stability study data from the PPQ
batches. Overall, the provided information on the PACMP presented is considered sufficient.

PACMP for a future additional DS manufacturing site would be most difficult 279



Don’t underestimate the amount of work that may be needed to confirm
product comparability for your manufacturing process changes!

Tl RN Y
ﬁ Ao ¥y
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CMC Regulatory Compliance Strategy
for Recombinant Proteins and Monoclonal Antibodies

Closing Thoughts

» Clinical strategy risk vs CMC strategy risk

» Reduce CMC risk by engaging with regulatory authorities

» Warnings — Impacts on CMC regulatory compliance strategy
» BLA/MAA market approval process

» Sources of CMC information on FDA/EMA websites
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Perspective on Clinical Strategy vs CMC Strate
Phase1 2 3
i > Clrv"’r:;:-av Early Phase Late Phase BRL:'!MA
Seamless view

CMC strategy deficiencies cause DELAYS >

REGENERON

(Fe fusion protein)
FDA lzzues Complete Response Letter (CRL) for Aflibercept 8 mg Biologics License Application
Solely Due to an Ongoing Review of Inspection Findings at a Third-party Filler (Catalent)

June 27, 2023
Mo lasuss with clinlcal or trial design, labsling or gubstance wers identifed In tha CRL

Mo additional clinical data or trials have bean requestad

TARRYTOWN, MY, June 27, 2023 [GLOBE NEWSWIRE) — Regeneron Phamaceuticals, Inc. (NASDAQ: REGN) today announced that e U.S.
Food and Drug Administration (FDA) has Issued a Compiete Response Letier (CRL) for the Blologics License Application [BLA) for afibercept & mg
for the treatment of patients with wet age-ralated macular degenaration (wAMD), diabatic macular edema (DME) and diabelic resnopathy (DR), solely
due i an ongoing review of Inspaction indings at a thind-party fller. The CRL di not identfy any lssues with the afibercept 8 mg cinical eMeacy or
safiaty, trial design, labeling or drug substance manufachaing, and no additional clinical data or fais have been requested. Regenaron ks commitied to
warking ciosely with fe FOWA and the third-party filier fo bring afilbercent & mg to patients with wAMD, DME and DR as quickly 35 possiie.
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CMC regulatory compliance strategy GOAL — to avoid the potholes
and sink holes on the clinical development path toward market approval

To SUCCESSFULLY reduce the CMC risk — teamwork
internal (among the various company disciplines — Mfg, Dev, QU, RA)
and external (the regulatory authorities)
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Human Clinical Studies Market
Pre- Phase1 Phase2 Phase3 Approval
Clinical Early Phase Late Phase Review
‘Seamless’

| J) N |

Initiation of Seeking Approval for  Seeking Market
Clinical Trial Changes During the Approval
Human Clinical Trials

2 Key Elements to Reducing the Risk of Potential
CMC Regulatory Compliance Delay

¥) FDA/EMA published guidances are INVALUABLEY

— pay attention to them (as discussed during the course)

2) View Regulatory Authority reviewers AS YOUR PARTNERY

— teamwork required — youw and they both share the job of protecting patients

— you are the expert of your process/product — but you need to convince the
regulatory authority that you are doing your part to protect the patients
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FDA encourages sponsors to communicate
o .S, FOOD & DRUG their CMC regulatory compliance strategy
ADMINISTRATION Best Practices for Communication Between

IND Sponsors and FDA During Drug Development December 2017
Guidance for Industry and Review Staff?

meetings with sponsors may result in more efficient and robust development programs. This
philosophy is articulated in 21 CFR 312.47. 21 CFR 312.82, FDA’s meetings guidances.’
CDER’s Manuals of Policies and Procedures (MAPPs). and CBER's Standard Operating Policy
and Procedures (SOPPs). Sponsors can request meetings with FDA at any time during drug
development. and FDA stronglv encourages sponsors to request the critical milestone meetings.

and BIA or BPD meetings identified in the references cited above. FDA’s decision to grant or
deny meeting requests 1s resource-dependent and is based on the maturity of the drug’s
development at the time of the meeting request. taking into consideration the potential utility of
the meeting. The procedures for requesting and conducting effective meetings between sponsors
and FDA are fully described in the meetings guidances.

EMA encourages sponsors to communicate
their CMC regulatory compliance strategy

Scientific advice is one of the Agency’s key
instruments for supporting the development of
EUROPEAN MEDICINES AGENCY high-guality, effective and safe medicines, for the
benefit of patients. Early dialogue and sdentific
advice lead to better development plans, promote ~—

- ) : EUROPEAN MEDICINES AGENCY
the collection of high-guality data and, most SCIENCE MEDICINES HEALTH
importantly, help to ensure that patients only take
part in those clinical trials that are likely to be
robust encugh to generate data that are relevant to
support the evaluation of a marketing authorisation
application or extension of indication.

(&)
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U.S. FOOD & DRUG Formal Meetings Between the FDA and December 2017
pgey Sponsors or Applicants of PDUFA Products

Innovators

Critical Path/Urgent Type A (meeting held within 30 days of request)

Clinical Hold Refuse to Complete Response
(CH) File (RTF) Letter (CRL)

A l i A 1
I

[ \
Pre-IND > Clinical Development >
End-of-Phase 2 Pre-BLA Late-Cycle

Advancing Clinical Development TypeB
(meeting held within 60 days of request)

Pre-IND

Type C (meeting held within 75 days of request)
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Formal Meetings Between the FDA and
ASNIATRALIGH Sponsors or Applicants of BSUFA Products June 2018

U.S. FOOD & DRUG

Biosimilars

Critical Path/Urgent BPD Type 1 (meeting held within 30 days of request)

Clinical Hold Rgi‘use to Complete Response
(CH) File (RTF) Letter (CRL)
A
Pre-IND Clinical Development
Phase 1 safety +Phase-2 + Phase 3 comparative R@W@W

BIA BPD Type 2 Pre-BLA Late-CycIe
BPD Type 3 (LCM)

(BIA - introduction
discussion on feasibility BPD Type 4
of biosimilarity)

Advancing Clinical Development

287
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One-size-fits-all meeting opportunities to discuss CMC regulatory compliance strategic issues!

EMA From Laboratory to Patient: The Joumey of a Medicine Assessed by EMA (2019):
e T www.ema.europa.cw'en human-regulatory research-development/scientific-advice-protocol-assistance how-

¥,

scientific-advice-works#why-scientific-advice-when-guidelines

STEP A medicine developer who wishes to request scientific advice first needs to notify EMA and senda
briefing document. A meeting can be organised, in particular for first users of scientific advice or
O 1 for complex medicines. ]

The developer then sends a list of specific scientific questions and proposed responses. )
EMA determines whether the questions are valid or not for scientific advice.

For each scientific advice procedure (or ‘protocol assistance’ procedure for orphan medicines) ]
validated, two members of the SAWP who have sound expertise to address the scientific
questions are appointed as coordinators.

other EU agencies. Each team prepares a report addressing the scientific questions; they draft a
list of issues for discussion with all the other members of the SAWP and may ask the applicant for
any additional documents or clarifications.

Each coordinator forms an assessment team calling on assessors from their national agency or )

The SAWP consolidates a response to the scientific questions. Final advice is discussed and l:
adopted by the CHMP and then sent to the medicine developer. :
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Two Warnings

Impacts on the CMC Regulatory Compliance Strategy

WHAT APPLICANTS TRY TO COMMUNICATE: ASSESSMENT TIME:

dids

WHAT REGULATORS SEE IN APPLICATIONS:

S @

Clinical expediting

Quality of the CMC submissions
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#1 Impact of clinical expediting on the CMC regulatory compliance strategy
much less time for the CMC team to get everything in place!

| '
A

Exciting clinical speed opportunities ... but stresses the
to shorten the timelines ... CMC Team strategy!

FDA: Breakthrough Therapy, Fast Track, Accelerated Approval

FDA Guidance for Industry: Expedited Programs for Serious
Conditions — Drugs and Biologics (May 2014)

EMA: Conditional Marketing, Exceptional Circumstances
EMA European Medicines Agency website
EMA: PRImary MEdicine (PRIME)

EMA European Medicines Agency Guidance on
Interactions in the Context of PRIME (May 2018)
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CASE EXAMPLES

IALTUVIIIO [antihemophilic factor (recombinant), Fe-VWEF-XTEN fusion protein-ehtl] I

Syrs
IND filed — BLA filed Fast Track Designation
May 2017 August 2022 Breakthrough Therapy Designation

Teclistamab-cqyv, a bispecific B-cell maturation antigen (BCMA)-directed CD3 T-cell engager,
1s a humanized immunoglobulin G4-proline, alanine, alanine (IgG4-PAA) antibody.

4yrs
IND filed > BLA filed

February 2017 December 2021  Dreakthrough Therapy Designation

Biosimilars are not expedited since there is no unmet medical need
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FDA is concerned about the capability of the CMC team
if expedited clinical pathway is granted!

A.  Manufacturing and Product Quality Considerations

The sponsor of a product that recerves an expedited drug development designation may need to
pursue a more rapid manufacturing development program to accommodate the accelerated pace

of the clinical program. The sponsor’s product quality and CMC teams should mitiate early
communication with FDA to ensure that the manufacturing development programs and timing of

submissions meet the Agency’s expectations for licensure or marketing approval.™

When sponsors recerve an expedited drug development designation, they should be prepared to
propose a commercial manufacturing program that will ensure availability of quality product at
the time of approval. The proposal should consider estimated market demand and the

commercial manufacturing development plan. The proposal should also consider manufacturing
facilities and a lifecycle approach to process validation. Additionally. the proposal should
mclude a timeline for development of the manufacturing capabilities with goals aligned with the
clinical development program. After the mitial discussion following designation, frequent

communication during development will generally facilitate meeting manufacturing development
goals and product quality goals.
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Sponsors of such products should allow for an earlier submission of the CMC section (including

product quality information) for timely review. and. critically. for inspection activities.™
Coordination with the sponsor and contract manufacturers may be necessary to ensure that
manufacturing facilities and equipment are ready for mspection during review of the clinical
section of the application. A comprehensive meeting with FDA’s product quality review groups
in advance of submission may facilitate the quality assessment of products designated for
expedited programs.

Although SPONSOLS must ensure the availability of quality product at the time of approval. FDA

may exerclse some flexibility on the type and extent of manuiat.turmg mformfitlon that 15
] 1S i .. stabilitv updates.
validation strategies, inspection planning, manufacturing scale-up). The lev el of flexibility will

be determined on a case-by-case basis after consideration of factors such as the following: (1)
product characteristics. (2) seriousness of the condition and medical need. (3) manufacturing
processes, (4) the robustness of the sponsor’s quality system, and (5) the strength of the
sponsor’s risk-based quality assessment. FDA’s consideration of the sponsor’s proposal for an
integrated postmarketing plan will also take into account whether elements of the plan may be
appropriately executed as a postmarketing commitment or requirement. For example. FDA will
consider impacts on clinical performance, such as safety and immunogenicity. Sponsors should
meet with the Agency to discuss their proposed plan as soon as possible and no later than the
pre-NDA or pre-BLA meeting.

FDA Guidance for Industry: Expedited Programs for Serious Conditions — Drugs and Biologics
(May 2014) 293



When granted expedited clinical review,
EMA recommends a number of areas where required CMC activities
can have flexibility during the MAA filing

Experience to date has shown that applicants face challenges to complete quality and manufacturing
development data requirements during development of products in early access approaches.

In order to address and overcome these challenges, EMA wishes to support applicants with guidance
regarding their pharmaceutical development programme and flexibility on the provision and type of
data packages in the context of a MAA taking into consideration the overall benefit-risk of the product.
Specific guidance covers prior knowledge, risk assessment, process validation, specification setting,
GMP compliance, stability testing, and comparability, as well as early identification of quality issues /
attributes that are critical to the clinical use of the medicinal product.

Toolbox guidance on scientific elements and regulatory
tools to support quality data packages for PRIME and
certain marketing authorisation applications

wommmonssancr tgrgeting an unmet medical need 22 April 2022
EMA/CHMP/BWP/QWP/IWG/694114/2019
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Where EMA MIGHT BE willing to be flexible and accept
higher CMC residual risk in MAA submissions

Module 3 POTENTIAL CMC Flexibility (when PRIME designated)
Process validation scheme (plan) in place of completed process validation
VZZ?@&?@SV) Concurrent process validation in place of completed process validation
Decoupling drug substance PPQ from drug product PPQ
Control Filing with a more ‘constrained’ control strategy
Strategy (augmented with additional testing or tighter controls)
GMP Launching from an investigational manufacturing site
Compliance Use of Starting Material of lower GMP level
g:ﬂﬁg Extrapolation of shelf life from similar biologic products
Product Prior knowledge to tailor comparability studies
Comparability Separate assessment of individual process changes
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#2 Room for improvement in CMC regulatory compliance communication

From the perspective of the
regulatory authority reviewer

Manufacturer’s
. C
Perspective

(0

M|P|L|E||T|E

Regulatory Reviewer’s C

RE a@@

Perspective

information/data in numerous reports, but do not provide an informative summary with your
conclusions based on the mformation. While reports are important to verify some specific
information or evaluate raw data, your summaries with interpretations and conclusions form
the basts for the Agency’s review. Submutting a large number of reports with mimimal data
inferpretation did not allow for an efficient review process. For example, reports related to
process characterization and determimation of in-process controls were difficult to interpret.
Additionally, there are many meonsistencies, nussing mformation, and typographical errors
throughout your BLA. We expect that you will address these, and other such issues in any
resubmission.

Coherus BioSciences
UDENYCA (pegfilgrastim-cbqv)
biosimilar

BLA Complete
Response Letter (CRL)

06/09/2017
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Seek Regulatory Authority Input — But Do It Correctly!

MEMORANDUM OF MEETING MINUTES

Meeting Type: B Tepezza
Meeting Category: End of Phase 2 teprotumumab

Meeting Date and Time:  August 19, 2016 from 9:30AM — 10:30AM (EST)

7 CMC Questions

Given the breakthrough status recently eranted to teprotumumab, we strongly encourage vou to
request a CMC only meeting to discuss product development, including product
characterization, process_development,_analyvtical methods development,_and _stability_studies.
The current meeting package is _incomplete and contains substantial errvors, e.g.. mislabeled,

incomplete, and inaccurate ficures and tables, an unclear description of th gssgy bride
strategy, etc. (see specific responses to your questions below). To enable effective meetings with
meaningful discussions and efficient receipt of substantially informative advice, please ensure
that subsequent meeting packages contain complete and accurate information (with appropriate
data) to describe and support the questions posed.

9. The manufacturing of teprotumumab is being changed (site transfer and process
adaptions) for both the drug substance and drug product. Does the Agency agree
that the proposed program to demonstrate biological comparability is adequate and
sufficient to support a BLA filing?

FDA Response: No: insuifficient information was provided to support the proposed comparability
program. A number of potential issues with the proposed program have been identified.

www.accessdata.fda.gov/drugsatfda_docs/nda/2021/7611430rig1s000AdminCorres.pdf
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Bl V.. FoOD & DRUG BLA Review Activities — All Disciplines
Application Filing/Planning Meetings Mid-Cycle Meeting Wrap Up Meeting Action Date
Day 0 Month 5 7 Weeks prior to Action Date Month 12
oay 0 Month 3 5 Weeks prior to Action Date Month 8

for Priority

for Priority for Priority for Priority

0| ¢

Submission
Activities Process

Sub-
mission |

5 |
Review Conduct Wrap-Up Activities Take Official
Plan Review Q WA | Action Post

Action
I Feedback

B | |
314)5)6)7 )8 )9 )10)11 )12

month / month / month / month / month / month / month / month / month / month

=1 ).2)

Standard review 10 months Priority review 6 months
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MAA Review Activities — All Disciplines

EUROPEAN MEDICINES AGENCY

Decision-making

I
|
|

Pre-submission 1 Assessment of a new marketing authorisation application
! phase
|

Day 1 Day 120: Day 121 Day 180: Day 181 D2 . Day210:  Day277:
List of List of CATMaft CHMP  EC decision
questions outstanding ogini Opinion

issues or opinion

List of Questions (LoQ) sent to Sponsor

Decision time for Sponsor
Respond to all questions (within 6 months) or withdraw MAA
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Regulatory authorities are your ‘friend’!

| Regulatory Authority
S

e g

B
~

QUESTIONS??
300




CMC Regulatory Compliance Strategy
for Recombinant Proteins and Monoclonal Antibodies

Summary of Course

CMC Regulatory Compliance Strategy is Challenging for Biopharmaceuticals

Due to the increasing diversity of protein-based biopharmaceuticals, the regulatory
authorities have control systems in place to regulate these evolving manufacturing
processes and products

Risk-Based Approach to Managing the CMC Regulatory Compliance Strategy

Critically necessary to apply a risk-based, QbD/QRM approach to effectively manage the
‘minimum CMC requlatory compliance continuum’

Applying the Risk-Managed CMC Regulatory Compliance Strategy

CMC strategy can be applied across the manufacturing process from raw materials —
starting materials — production — purification — drug substance (bulk) — formulation —
drug product — administered drug product
Challenges of Demonstrating Protein-Based Biopharmaceutical Comparability
After Manufacturing Process Changes

Manageable, but tread carefully — implement sooner than later, when possible

While it is impossible to plan precisely for all CMC unknowns, Thank
steps can be taken to limit the impact! ank you

301



Where is all of this CMC information located
on the regulatory authorities websites?

(will demonstrate this in class, if time)

Protein-Based Biopharmaceuticals approved by FDA CDER (www.FDA.gov/Drugs)
Drug Approvals and Databases
Drugs@FDA: FDA-Approved Drugs
Search by Drug Name, Active Ingredient, or Application Number’
[Protein-Based Biopharmaceutical]
Approval Date(s) and History, Letters, Labels, Reviews

Wustrate with: mAD Saphnelo (anifrolumab-fnia)
ADC Zynlonta (loncastuximab tesirine-lpyl)
rProtein Skytrofa (lonapegsomatropin-tcgd)

biosimilar Yusimry (adalimumab-aqvh)
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Protein-based biopharmaceuticals approved by EMA (www.EMA.Europa.EU)

Medicines Search o Human o EPAR

Medicine Name

Table of contents

o Qverview
» Authorisation details

» Product information
+ Assessment history

v [EPAR - Assessment Report]
Wustrate with: mAD Xevudy  sotrovimab
ADC Trodelvy sacituzumab govitecan
rProtein Besremi ropeginterferon alfa-2b

biosimilar ~ Yuflyma adalimumab
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