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Course Outline

1. CMC Regulatory Compliance is Challenging for Biopharmaceuticals

2. Risk-Managed CMC Regulatory Compliance Strategy

3. Applied Risk-Managed CMC Regulatory Compliance Strategy

4. Demonstrating Comparability After Manufacturing Process Changes

CMC Regulatory Compliance 
Strategy For Biopharmaceuticals

• 25 years corporate leadership in Chemistry, Manufacturing & Control (CMC) strategies, 
resulting in successful FDA and EMA market approval for six biopharmaceuticals                    

• 10 years as Vice President Quality & Compliance; CMC Expert (Immunex, IDEC Pharma)

• Immediate Past Chair, PDA’s Biopharmaceutical Advisory Board 

• 15+ years as a CMC regulatory consultant to the biopharmaceutical industry, covering 
monoclonal antibodies, biosimilars, and gene therapy 

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

1. CMC Regulatory Compliance is Challenging For 
Biopharmaceuticals

 Ever increasing diversity of biopharmaceuticals

 Regulatory authority systems in place to control these 
evolving manufacturing processes and products

CMC Regulatory Compliance Strategy 
For Biopharmaceuticals

444

Biologic/Biological: Consensus Definition 
(EMA, FDA, HC, WHO, …)

3 components

1) Derived from a living system

2) Challenging manufacturing process

3) Complex molecule

Immune Serums (diphtheria)
Vaccines (polio)
Plasma-derived proteins (Factor 8)
Animal-derived hormones (pig insulin)



3

5

3 components

1) Derived from a genetically engineered living system

2) Challenging manufacturing process

3) Complex molecule

Biopharmaceutical: No consensus definition today

Publications: “bio-health medicine”
(including chemically synthesized 

HIV antivirals, iRNA, hepatitis C, …)

FDA/EMA: biotech drug product, 
recombinant DNA-derived drug

666

Biopharmaceutical advances have come in ‘waves’!

Wave 2: monoclonal antibodies

Wave 3: biosimilars

Wave 1: recombinant proteins

Wave 4: gene therapy
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Bioreactor 
production of 

desired protein

Administration of 
recombinant protein, mAb

Central Dogma of Molecular Biology

DNA inserted into a living microorganism 
(e.g., E. coli, CHO), to produce a protein medicine

Harvest, purify, 
formulate

WAVES 1, 2, 3

Drug product filled 
into container closure

8

WAVE 1
Recombinant Proteins

Global human insulin market:    > $30 billion

Factor VIII

TODAY

 100+ recombinant proteins market approved by FDA/EMA

 Recombinant proteins are vaccines and plasma-derived proteins 

Shingles

1982   1st recombinant protein
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WAVE 2
Monoclonal Antibodies

recombinant immunoglobulin protein 
– specific single binding site

1997 1st commercially successful 
monoclonal antibody (chimeric)

TODAY

 100+ monoclonal antibody market approved by FDA/EMA 

 Humira (adalimumab)  best selling drug in the world: > $20 billion 

1986   1st mAb
(murine)

10

Fc-Fusion Protein

Bispecific Antibody 

Blincyto

10

Enbrel      TNFR-Fc domain
Eylea VEGF-Fc domain
Nulojix CTLA-4-Fc domain
Trulicity    GLP-1-Fc domain

Binds to CD3Binds to CD19

Hemlibra Binds to Factor XaBinds to Factor IX

Re-engineered Antibodies

Antibody Drug Conjugate 
(ADC)

Besponsa calicheamicin           DAR 6
Kadcycla maytansine DAR 4
Adcetris auristatin                DAR 4
Enhertu topoisomerase inhib DAR 8
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WAVE 3
Biosimilars

commercial biopharmaceutical

Must prove STATISTICAL safety & efficacy          ‘medical benefit’

Must prove COMPARATIVE safety & efficacy       ‘highly similar’

INNOVATOR

BIOSIMILAR

blocked by innovator’s marketing 
exclusivity or patent coverage

commercial biosimilar

Market Approved Biosimilar 
of Innovator’s Biopharmaceutical

Europe USA

Among the 
top 10 

best selling 
medicines in 

the world

Adalimumab (Humira) √ √

TNF-α/Fc Fusion Protein (Enbrel) √ √

Trastuzumab (Herceptin) √ √

Bevacizumab (Avastin) √ √

Rituximab (Rituxin/MabThera) √ √

12

Fixing defective genetic capability
or adding new genetic capability 
to a patient’s living human cells

WAVE 4
advanced therapies

The patients, themselves, produce the 
desired gene product (protein), in situ

Central Dogma of Molecular Biology
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These advance therapies are starting to hit the market!

13

2017/2018 market approved

• Kymriah (CANCER – CAR T-cell gene therapy)                                         FDA/EMA

• Yescarta (CANCER – CAR T-cell gene therapy)                                        FDA/EMA

• Luxturna (VISION – RPE-65 protein restoration – virus gene therapy)   FDA/EMA

• Alofisel (FISTULAS – allogeneic somatic adipose stem cell therapy)          EMA

2019/2020 market approved

• Zolgensma (SPINAL MUSCULAR ATROPHY - SMN, survival motor 
neuron, protein restoration – virus gene therapy)                                  FDA/EMA

• Zynteglo (β-THALASSAEMIA – β-globin protein restoration 
– hematopoietic stem cell gene therapy) [FDA]/EMA

• Tecartus (CANCER – CAR T-cell gene therapy) FDA/[EMA]

• Roctavian (HEMOPHILIA A – clotting factor VIII restoration 
– virus gene therapy) [FDA]/[EMA]

• Liso-Cel (CANCER – CAR T-cell gene therapy) [FDA]

• Ide-Cel (CANCER – CAR T-cell gene therapy)                                         [FDA]

[under regulatory authority review for market approval]

14

Statement from FDA Commissioner Scott Gottlieb, M.D. and Peter Marks, M.D., Ph.D., 
Director of the Center for Biologics Evaluation and Research on new policies to advance 

development of safe and effective cell and gene therapies          January 15, 2019

The amplitude of wave 4 is predicted to grow significantly!
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Large biopharmaceutical companies now jumping in, by acquisition!

~$12 billion

~$9 billion

~$5 billion

~$9 billion

~$74 billion

Yescarta

Zolgensma

Luxturna

Kymriah

Zynteglo

16

Gene Therapy Medicine:  Genetically Engineered Living Cells (gene addition)

16

Novartis KYMRIAH 
Kite YESCARTA   

autologous genetically 
modified T-cells

(CAR – chimeric antigen 
receptor) 

to bind/kill 
CD19-containing 

leukemia cells      

Genetically engineered 
virus to add a gene 

to the human T-cells
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new gene produces a protein 
that binds to CD19

17

new gene inserted 
into patient’s T-cell

1818

FDA: CDER  CBER  CDRH

IND

NDA

BLA

Navigating the complexity of working with the 
U.S. FDA for biopharmaceuticals

Laws: FDC Act  PHS Act

United States
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U.S. Congress passes/amends a pharmaceutical law

FDA, in the Executive Branch, interprets the intent of the law

FDA proposes regulations to enforce the law; 
publishes their intent in the Federal Register (FR)

FDA publishes guidances (‘recommendations’) 
on its website explaining in greater detail 

how to follow the regulations

United States Pharmaceutical Laws
2 separate laws – yet linked

1938:  Food, Drug & Cosmetics (FD&C) Act

1944:  Public Health Service (PHS) Act 

FDA publishes final regulation in the 
Code of Federal Regulations (CFR)

20

1938 Food Drug & Cosmetics (FD&C) Act

Drug (legal definition): ‘an article intended for use in the 
diagnosis, cure, mitigation, treatment, or prevention of disease’

Investigational New Drug 
(IND)

21 CFR 312 
[human clinical studies]

New Drug Application
(NDA)

21 CFR 314
[marketed products] 

FD&C Act:  New Drug Application (NDA) Pathway
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New Drug 
Application

[505(b)(1) NDA]

[innovator proves 
statistical efficacy and 

safety – “medical benefit”] 

Many, many amendments since 1938

Major amendment to FD&C Act in 1984 
allowing abbreviated pathways to the marketplace

(Drug Price Competition and Patent Restoration Act)

New Drug 
Application

[505(b)(2) NDA]
[manufacturer relies 

upon some efficacy and 
safety from others]

Abbreviated 
New Drug 

Application
[505(j) NDA]

[manufacturer 
demonstrates equivalent 

chemical monograph 
and simple bioequivalence] 

Chemical Generic 
ANDA

(past – ‘Follow On Proteins’) 

222222

Chemically-Synthesized Drugs
Natural Chemicals
Peptides (< 40 aa)

Hormone Proteins
(natural-sourced and recombinant DNA-derived)

human insulin, human growth hormone 

Enzyme Proteins
(natural-sourced and recombinant DNA-derived)

glucerases, kinases

Drugs under the NDA Pathway 

Regulated by the FD&C Act

as of March 23, 2020
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PHS Act:   Biologic License Application (BLA) Pathway

Investigational New Drug 
(IND)

21 CFR 312 
[human clinical studies]

Biologics License Application
(BLA)

21 CFR 600-680 + 21 CFR 314
[marketed products] 

Note: same clinical development as FD&C Act!

1944 Public Health Service (PHS) Act 

Biological Product (legal definition): by ‘product class’ 

24

Expanding product classes 
under ‘Biological Product’ definition

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

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

• 2010 added: ‘protein (except any chemically 
synthesized polypeptide)’ 

• 2020 changed:  ‘protein (except any chemically 
synthesized polypeptide)’

(Advanced therapy medicines are currently under ‘analogous products’)
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FDA’s definition of ‘Protein’  vs ‘Peptide’

FDA interprets the term “protein” to mean any alpha amino 
acid polymer with a specific defined sequence that is 

greater than 40 amino acids in size.  

FDA interprets the statutory definition of “biological 
product” such that any amino acid polymer composed of 
40 or fewer amino acids (i.e., a “peptide”) is outside the 

scope of the term “protein.”  A “peptide” is not a 
“biological product” and will continue to be regulated 

as a drug under the FD&C Act unless the peptide 
otherwise meets the statutory definition of a “biological 

product” (e.g., a peptide vaccine)

The “Deemed To Be a License” Provision of the BPCI Act Q&A  March 2020

26

Biologic License 
Application
[351(a) BLA]

[innovator proves 
statistical efficacy and 

safety – “medical benefit”] 

Many, many amendments since 1944

Major amendment to PHS Act in 2010 allowing 
abbreviated pathway to the marketplace

(Biologics Price Competition and Innovation Act)

X

Bio-Generic

Biosimilar Biologic 
License Application

[351(k) BLA]
[manufacturer utilizes 

efficacy and safety from 
innovator; and then must 
demonstrate comparative

quality, efficacy and safety]
Level 1: biosimilarity
Level 2: interchangeable
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Viruses
Therapeutic Serums

Toxins/Antitoxins
Vaccines

Blood/Plasma-Derived Proteins
Recombinant Proteins
Monoclonal Antibodies

Biosimilars

+ ‘Analogous Products’  
(Gene Therapy, Cellular Therapy)

+ NDA Proteins  (as of March 23, 2020)

Biologics under the BLA Pathway 

Regulated by the PHS Act

Center for Drug Evaluation and Research (CDER)

review organized in Divisions according to medical indication

Center for Biologics Evaluation and Research (CBER)

review organized in Offices according to product type

Two primary FDA Centers involved with review 
and approval of PHS Act biologic products

So, if I have a biopharmaceutical, which FDA Center would I work with?

28
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CDER

CBER

Prior to June 2003

CDER

CBER

After June 2003

FD&C Act
Natural Chemical Drugs

Synthesized Drugs
Peptides (< 40 aa; s & r)

Protein Hormones (n & r)
Protein Enzymes (n & r)

PHS Act
Natural Proteins

Recombinant Proteins
Monoclonal Antibodies

PHS Act
Vaccines

Plasma-Derived Proteins
Autologous Products

(Gene & Cellular Therapy)

FD&C Act
Natural Chemical Drugs

Synthesized Drugs
Peptides (< 40 aa; s & r)

Protein Hormones (n & r)
Protein Enzymes (n & r)

PHS Act
Natural Proteins

Recombinant Proteins
Monoclonal Antibodies

Vaccines
Plasma-Derived Proteins

Autologous Products
(Gene & Cellular Therapy)

29n - natural    r - recombinant    s - chem synthesized     aa - amino acids  

Change in FDA Center

CBER

CDER

Prior to March 2020

FD&C Act
Natural Chemical Drugs

Synthesized Drugs 
Peptides (< 40 aa; s & r)

Protein Hormones (n & r)
Protein Enzymes (n & r)

PHS Act
Natural Proteins

Recombinant Proteins
Monoclonal Antibodies

PHS Act
Vaccines

Plasma-Derived Proteins
Autologous Products

(Gene & Cellular Therapy)

CBER

CDER

After March 23, 2020

FD&C Act
Natural Chemical Drugs

Synthesized Drugs 
Peptides (< 40 aa; s & r)

PHS Act
Natural Proteins

Recombinant Proteins
Monoclonal Antibodies

Protein Hormones
Protein Enzymes

(+ chemically-synthesized proteins) 

PHS Act
Vaccines

Plasma-Derived Proteins
Autologous Products

(Gene & Cellular Therapy)
30

Change in Law
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A 3rd FDA Center now frequently involved with biologic combination products

(typically a secondary consult for CDER/CBER)

Center for Devices and Radiological Health (CDRH)

3232

No!  Administrative Regulatory
− same 21 CFR 312 clinical study requirements

− same FDA 1571 form used for IND submissions

− same FDA 356h form for NDA/BLA submissions

Yes!  CMC Regulatory Commercial Compliance

Differences between the two laws?
PHS Act (biologics) versus FD&C Act (chemical drugs)

1. extra commercial testing requirements

2. may require commercial FDA pre-release

3. different commercial regulatory compliance procedures

4. different commercial marketing exclusivity rights

No!  CMC Regulatory Clinical Compliance
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1)  PHS Act has extra commercial testing requirements

Extra PHS Act (BLA) Testing Current Status
21 CFR 610.12
Bulk Sterility 

(in addition to final product sterility)

ELIMINATED in 2012
(now identical to FD&C Act)

21 CFR 610.11
General Safety Test 

(mice and guinea pig toxicity test)

ELIMINATED in 2015
(now identical to FD&C Act) 

21 CFR 610.14
Labeled Final Container 

Identity Test
STILL IN EFFECT

3434

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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2)  PHS Act can require FDA commercial pre-release

NOTE:  FD&C Act does not require this for NDAs!  
Company QA solely determines release to inventory 

36

FDA pre-release of Human Plasma-Derived Proteins 
required only for natural but not recombinant! 

Immune Globulin Subcutaneous (Human)-hipp (December 12, 2018) 

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).

Andexxa – Coag Factor Xa (Recombinant) Inactivated-zhzo (May 03, 2018)

You are not currently required to submit final samples or protocols of future lots 
of coagulation factor Xa (recombinant) inactivated-zhzo to the Center for Biologics 
Evaluation and Research 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 FDA market approval letters

FDA pre-release of Vaccines  required for all!

Dengvaxia – Dengue Tetravalent Vaccine, Live, Recombinant (May 01, 2019) 

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).
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Crysvita – Burosumab-twza (April 17, 2018)

You are not currently required to submit samples of future lots of CRYSVITA 
(burosumab-twza) 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.

Fulphila – Peg-filgrastim-jmdb Biosimilar (June 04, 2018)

You are not currently required to submit samples of future lots of Fulphila 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.

as stated in FDA market approval letters

FDA pre-release of Recombinant Proteins & Monoclonal Antibodies

automatic waiver granted by FDA since 1995!

38

FDA pre-release of Genetic Engineered Viruses
currently required for all!

as stated in FDA market approval letters

Zolgensma – Onasemnogene Abeparvovec-xioi (May 24, 2019)

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).

FDA pre-release of Genetic Engineered Cells
waived on a case-by-case basis!

Yescarta – Axicabtagene Ciloleucel (October 18, 2017)

You are not currently required to submit samples or protocols of future lots of 
axicabtagene ciloleucel 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.
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FDA team internal 
discussion on 

pre-release
genetically engineered virus

40

PHS Act

21 CFR 600.14

Biological Product 
Deviation Report 

(BPDR)

FDA Form 3486

Within 45 days of 
QA awareness

FD&C Act

21CFR 314.81

Field Alert Report 
(FAR)

FDA Form 3331a

Within 3 days of 
QA awareness

3)  PHS Act has different commercial reporting systems

FDA requires notification if a quality defect in a commercial 
distributed drug product batch may present a patient safety threat:

‒ Mislabeling
‒ Bacterial contamination
‒ Any significant chemical, physical, or deterioration
‒ ……. 
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4)  PHS Act has different marketing exclusivity rights

“Market Exclusivity” 

refers to certain delays and 
prohibitions on FDA approval of 

competitor drug products 
available under a statute that 
attach upon approval of the 

innovator drug product

PHS Act
Blocking of 

Biologic Biosimilars

Market Exclusivity

12 years – new 
biologic entity (NBE)

FD&C Act
Blocking of 

Generic Chemicals

Market Exclusivity

5 years – new 
chemical entity (NCE)

4242

NCA    EMA

CTA 
IMPD MAA

Navigating the complexity of working within 
the European Union for biopharmaceuticals

Regulations & Directives

European Union
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European Commission (EC) passes:

Directive – a legislative act that sets out a goal that all 
European Union countries must achieve; however it is up 
to each National Competent Authority (NCA) to decide how

Regulation – a binding legislative act; must be applied in its 
entirety throughout the European Union

↓

European Medicines Agency (EMA) publishes:

requirements and guidelines (‘recommendations’) on its 
website explaining how it will implement the Regulations 
applicable to medicinal products

European Union Pharmaceutical Law

44

Country-by-country Clinical Trial Authorization (CTA) of 
the Investigational Medicinal Product Dossier (IMPD)

28 Member States – each with a CMC opinion

National Competent Authorities (NCAs) Regulate Clinical 
Trials For All Drugs and Biologics

‘fast and thorough assessment of the application by all Member States 
concerned and resulting in one single assessment outcome’

‘submitted, reviewed, authorized’ – single portal entry

coming into effect 2021?
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EMA Centralized Procedure

Market Authorization Application (MAA)

Mandatory for most Biologics

(EU still uses a national authorization and a mutual recognition procedure)

EMA Regulates Marketed Products

46

EMA 
MANDATORY

Orphan 
Drugs

AIDS; cancer; 
neurodegenerative disorders; 

diabetes;  auto-immune 
disease; viral diseases; other 

immune dysfunctions

Biosimilars

Recombinant DNA; 
controlled gene 

expression; hybridoma and 
monoclonal antibodies ATMPs

gene therapy; 
somatic cell therapy; 
engineered tissues
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Are you confused yet?

? QUESTIONS ?

48
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CMC Regulatory Compliance Strategy 
For Biopharmaceuticals

Course Outline

2. Risk-Managed CMC Regulatory Compliance Strategy

 Five (5) key design elements for an effective CMC strategy

 Overbearing pressure of expedited clinical development 
pathways on the CMC teams

50

Know your corporate risk acceptance level
(“corporate culture”)

2

34

5

5 design elements of an effective risk-managed 
CMC regulatory compliance strategy
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risk adverse

‘plodders’
slow and thorough

unexpected problems not tolerated 

risk tolerant

‘wild west’ 
willing to move fast

correct problems on the fly
press CMC team to go forward

Know your corporate risk acceptance level

(levels in between)

Sometimes being too 
risk-accepting leads to 
under-estimating a risk!

Sometimes moving too fast 
leads to overlooking risk signs!

While slow is good, 
the competition is not 

waiting around

52

Illustration of Corporate CMC Risk Acceptance Level

Question Raised by CMC Team

Why does QC need to test for bioburden/endotoxin 
at each purification step?  Is that cost effective? 

Why not just test only at the Drug Substance stage?

Risk Assessment (QA/ QC/ Mfg/ Dev/ Reg Affairs):

• What is the highest severity if we only test at the DS?

• What is the statistical probability that a problem/ patient harm could occur?

• What is the perceived probability that a problem/ patient harm could occur? 

• (Wonder why regulatory authorities are so insistent on this testing?)

DSBioburden
Endotoxin
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Might we miss excreted toxins in an 
in-process high bioburden load?

(patient safety)

not tested in DS tested in DS 

Regulatory authorities usually have a 
scientific reason/experience behind 

what they expect a manufacturer to do! 

What possibly could go wrong?

Might we miss peptidase excretion in an 
in-process high bioburden load?

(shelf life instability)

54

Rosenberg, A.S., Cherney, B., et.al., Risk Mitigation Strategies For Viral 
Contamination of Biotechnology Products:  Considerations of Best Practices ; 

PDA J. Pharm. Sci. and Tech. 2011, 65: 563-567

Case Example:  inappropriate risk acceptance level

‘can’t happen to us’ – not responding to risk warning signs! 

• 2003:  Vesivirus 2117 found to proliferate in CHO cells

• 2006:  Evidence of widespread Vesivirus 2117 infections in cattle across a large area of 
the United States – biologic manufacturers who source FBS put on notice; PCR test 
available to give rapid detection of Vesivirus (but it cost ~$2000 per sample) 

• 2008:  Genzyme encountered loss of CHO cell productivity in a 4000L bioreactor at their 
Belgium site, and a 2000L bioreactor in the USA – but manufacturing saw changes in cell 
growth profile and did not break bioreactor integrity – instead killed the cells and 
decontaminated the suspected virus inside the bioreactor; no indication that Genzyme 
considered adding the prior-to-harvest Vesivirus 2117 PCR test 

• 2009:  The nightmare hits! Genzyme confirms Vesivirus 2117 in a bioreactor, but only 
after containment was broken! Now, the virus was spread into the purification suite and 
throughout the entire facility! 

(Genzyme – Vesivirus 2117 bioreactor contamination)
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Because pediatric orphan drug recombinant 
protein enzymes shortages might result, 

Genzyme has to go public with contamination –
issues Press Releases 

56565656

Genzyme Press Release  Sept 2009 

• First shipment of newly manufactured orphan recombinant proteins ship – January 2010

• Estimated (Wall Street) impact on company: ~$500 million loss

• Consent decree signed with FDA – May 2010         Sanofi buys Genzyme – February 2011

Kiss, R., Dehghani, H., et.al., Virus Contamination in Biomanufacturing: Risk 
Mitigation, Preparedness, and Response; PDA Technical Report 83 (2019)

Excellent reference on prospectively developing a virus contamination response plan
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Know your corporate 
risk acceptance level
(“corporate culture”)

Manage the CMC needs of your 
specific biopharmaceutical product

3
4

5

5 design elements of an effective risk-managed 
CMC regulatory compliance strategy

58

Recombinant Proteins

Monoclonal Antibodies

Biopharmaceuticals are …

Fc-Fusion Proteins

Antibody Drug Conjugates 
(ADCs)
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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

Recombinant proteins and monoclonal antibodies are complex 
due to an abundance of molecular variants!

59

60

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

Full-scale
Expanded-scale

CEX-HPLC

60
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Gene Replacement with a Genetically Engineered Living Viruse

62

Increasing complexity of a genetically engineered living virus 

62

mAb:  ~10 nm

genome (DNA or RNA) 
incorporated inside a 
protein shell (capsid)

virus:  ~20-100 nm

Capsids: full, partial full, empty
Capsid proteins: amino acid sequence, glycosylation, molecular variants

Genome: gene sequence, host cell DNA contamination



32

63

A cell has over 18,000 
genes (proteins) 

Enormous complexity of a genetically engineered living cell 

mAb:  ~10 nm cell:  ~10 µm

Cell Type: selected cells, non-desired cell types
Gene: transduced cell : non-transduced cell

Potency: functionally active gene : non-functionally active gene

64

Each biopharmaceutical product 
has specific regulatory compliance 
concerns that need to be addressed

No one-size CMC regulatory strategy 
fits all biopharmaceutical products!

Many things in common, but no magic formula!
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Know your corporate 
risk acceptance level
(“corporate culture”)

Manage the CMC needs 
of your specific 

biopharmaceutical 
product

Manage the CMC needs of your 
specific biopharmaceutical 

manufacturing process
4

5

5 design elements of an effective risk-managed 
CMC regulatory compliance strategy

6666

Manufacture of recombinant proteins and monoclonal antibodies

300,000L of biomanufacturing capacity 
(20 x 15,000 L)
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Manufacture of genetically engineered viruses
(process looks similar to that of recombinant proteins)

68

Manufacture of Genetically Engineered Living Cells (gene addition)

68

Novartis KYMRIAH 
Kite YESCARTA   

autologous genetically 
modified T-cells

(CAR – chimeric antigen 
receptor) 

to bind/kill 
CD19-containing 

leukemia cells      

Genetically engineered 
virus to add a gene 

to the human T-cells
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Each biopharmaceutical manufacturing 
process has specific regulatory compliance 

concerns that need to be addressed

No one-size CMC regulatory strategy 
fits all manufacturing processes!

Many things in common, but no magic formula!

70

Know your corporate 
risk acceptance level
(“corporate culture”)

Manage the CMC needs 
of your specific 

biopharmaceutical 
product

Manage the CMC needs 
of your specific 

biopharmaceutical 
manufacturing process

Align CMC strategy 
with the strategic risk-
based ICH guidelines

5

5 design elements of an effective risk-managed 
CMC regulatory compliance strategy
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 Q5A Viral Safety Evaluation [1997]
 Q5B Analysis of the Expression Construct in Cells [1995]
 Q5C Stability Testing of Biotech Products [1995]
 Q5D Derivation and Characterization of Cell Substrates [1997]
 Q5E Comparability of Biotech Products [2004]
 Q6B Specs for Biotechnological/Biological Products [1999]

(applicable to both chemical drugs and biologics)

 Q2 Validation of Analytical Procedures [1994]
 Q7 GMP of Active Pharmaceutical Ingredients (APIs) [2000]
 M4Q Common Technical Document (CTD) Format [2000]
 Q12 Pharmaceutical Product Lifestyle Management [2019]

 Q13     Continuous Manufacturing
 Q14     Analytical Procedure Development

“Q”   CMC  (specific focus on recombinant proteins & mAbs)

CMC content

consensus guidelines 

(immensely helpful for decades)
USA/EU/Japan + China/South Korea/Brazil

International Council
for Harmonisation

1) ICH Q8(R2)  Pharmaceutical Development   (2008) 

 Quality by Design (QbD)

72

CMC strategy (‘systematic’)

consensus guidelines
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ICH Q8:  QbD – Four Steps to Implementation

73

1) ICH Q8(R2)  Pharmaceutical Development  (2008)     Quality by Design (QbD)

2) ICH Q9  Quality Risk Management    (2005)

 Quality Risk Management (QRM)

74

CMC strategy (‘systematic’)

consensus guidelines
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QRM – prioritization and management of risks!

 wrong people involved

inexperienced
non-competent

 wrong environment

fatigue
herd-mentality

3 pm on Fridays

What is the weakest link in QRM prioritization and 
management of risks in a biologic manufacturing process?

76

Reaching corporate 
consensus of the risks
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QRM
project management tools
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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)

* will be discussed shortly

A toolkit to select from for managing and prioritizing risk

78

Levels
(L)

Process 
Parameters (PP)

OFAT runs
(total number 

2 3 8

3 Process 
Parameters

temperature
pressure
duration

OFAT – ‘one factor at a time’

works for simple processes

Chemical Synthesis

2 Levels

low
high

LPP
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DOE – ‘Design of Experiments’

critically needed for complex processes

9 Process 
Parameters

starting cell viability
in vitro cell age
antifoam conc

dissolved oxygen
glucose feed level

glucose feed timing
temperature
elapsed time

pH

Biologic Bioreactor

2 Levels

low
high

Levels
(L)

Process 
Parameters (PP)

OFAT runs
(total number 

2 9 512

No lack of DOE instructional videos on YouTube

LPP

But DOE costs $$$

Will you get full understanding of the 
biologic process with DOE?

Can you get adequate understanding of the 
biologic process with DOE?

1) ICH Q8(R2)  Pharmaceutical Development  (2008)       Quality by Design (QbD)
2) ICH Q9  Quality Risk Management   (2005)                   Quality Risk Management (QRM)

3) ICH Q10   Pharmaceutical Quality System      (2008)

 Knowledge Management (KM)

80

Importance of ‘passing forward’ technical knowledge

CMC strategy (‘systematic’)

consensus guidelines
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1) ICH Q8(R2)  Pharmaceutical Development  (2008)       Quality by Design (QbD)
2) ICH Q9  Quality Risk Management   (2005)                   Quality Risk Management (QRM)

3) ICH Q10   Pharmaceutical Quality System    (2008)       Knowledge Management (KM)

4) ICH Q11   Applied ICH Q8-10 to Chem/Biotech APIs      (2012)
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Provides examples and further clarification on the principles 
and concepts described in ICH Q8, Q9 and Q10 applied to the 

development and manufacture of drug substances

− Drug Substance Critical Quality Attributes (CQAs)

− Linking Critical Material Attributes (CMAs) and Critical Process 
Parameters (CPPs) to CQAs

− Development of  the Control Strategy   

CMC strategy (‘systematic’)

consensus guidelines

What is the overall impact of  ICH Q8/Q9/Q10/Q11 on 
biopharmaceutical CMC regulatory compliance strategy?

 Be prepared to know not only the ‘WHAT’ but 
also the ‘WHY’ – justify, justify, justify,...!

 Learning never ends – keep eyes open for 
early warning signs of potential CMC issues; 
work toward real corrections and effective
preventative actions (CAPA)!

 Think ‘big picture’ risk analysis – not that a 
CMC step works but how can it continue to 
work time and time again

82

To go left, 
make 3 

right turns
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Consideration

catastrophic event plan for the biopharmaceutical source material

ICH Q5D

84
84

Think Big Picture
How does this earthquake 

map relate to securing 
source material (i.e., MCB)?
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Consideration

How many Process Performance Qualification (PPQ) batches?

Industry Standard (for decades)

3 successful, consecutive manufactured batches of 
drug substance / drug product

representative of the commercial scale 

Why 3 and not 5?

Statistical value of 3 runs?

Where did the ‘3 run’ rule originate?

Monty Python

86

Monty Python – ‘Quest for the Holy Grail’
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ICH Q11

ICH/EMA:  ‘3 Run Rule’ is Gone!

QUESTION:  So how many PPQ batches will you run?

Manufacturing Process 
Understanding

Biologic Product 
Knowledge

Manufacturing 
Experience

Impact of unit operations on CQAs

CPPs 

Control strategy robustness

CQAs

Stability profile

Level of batch-to-batch variation

Process capability knowledge 

Determine overall residual risk level

Translate into number of PPQ batches to run

88

Know your corporate 
risk acceptance level
(“corporate culture”)

Manage the CMC needs 
of your specific 

biopharmaceutical 
product

Manage the CMC needs 
of your specific 

biopharmaceutical 
manufacturing process

Align CMC strategy 
with the strategic 

risk-based
ICH guidelines

Manage the 
‘minimum CMC regulatory 

compliance continuum’

5 design elements of an effective risk-managed 
CMC regulatory compliance strategy
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 “minimum” – a recognition that there is a different level for CMC regulatory 
compliance at different clinical development stages 

 “continuum” – a recognition that the minimum CMC regulatory compliance 
level rises as clinical development advances

‒ Early clinical stage focus → product safety for patient

‒ Later clinical stage focus → product safety for patient + manufacturing 
process consistency of the biologic product batch-to-batch

‘minimum CMC regulatory compliance continuum’

definitions

90

‘minimum CMC regulatory compliance continuum’

risk-based approach provides necessary flexibility

Present regulations allow a great deal of flexibility in the amount and depth 
of various data to be submitted in an IND depending in large part on the 
phase of investigation and the specific human testing being proposed. 
In some cases, the extent of that flexibility has not been appreciated.

1995Content and Format of Investigational New Drug Applications (INDs) for Phase 1 Studies 
of Drugs, Including Well-Characterized, Therapeutic, Biotechnology-derived Products
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 A risk-based approach focuses Manufacturing and Quality on activities 
that may affect product quality, safety and/or efficacy (all of which, 
directly or indirectly, can impact patient safety)

 A risk-based approach attempts to avoid non-value-added activities, and 
focuses efforts, with the limited resources, on the value-added activities

 A risk-based CMC regulatory compliance approach does not mean doing 
less, but doing the right amount at the right time based upon the 
understanding of the potential risks to patient safety

 Thus, a risk-based approach actually enhances patient safety during 
clinical development phases, especially when product understanding 
and resources may be limited 

Risk-based management across the biologic development lifecycle
good regulatory sense and good business sense

‘minimum CMC regulatory compliance continuum’

risk-based approach is about protecting patients

92

IMPD CMC Area Risk-Based CMC Regulatory Compliance Strategy

S.2.4
Control of 

Critical Steps

It is acknowledged that due to limited data 
at an early stage of development (phase I/II) 
complete information may not be available. 

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. 

S.4.1 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.

S.4.3
Validation of 

Analytical
Procedures

Validation of analytical procedures during clinical development 
is seen as an evolving process. For phase I and II clinical trials, 

the suitability of the analytical methods used should be confirmed.  
For phase III clinical trials: Validation of the analytical methods. 

recombinant proteins and monoclonal antibodies

‘minimum CMC regulatory compliance continuum’

embraced by EMA
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CTD IND CMC Area Recognized Risk-Based CMC Regulatory Compliance Strategy

3.2.S.2.5
Process 

Validation

Process validation studies are generally or typically not required 
for early stage manufacturing, and thus, most original IND 

submissions will not include process performance qualification. 

3.2.S.2.6
Manufacturing 

Process 
Development

If you make significant manufacturing changes, then comparability studies 
may be necessary to determine the impact of these 

changes on the identity, purity, potency, and safety of the product. 
The extent of comparability testing will depend on the manufacturing change, 

the ability of analytical methods to detect changes in the product, and the 
stage of clinical development. 

3.2.S.4.1 Specifications
For products in the early stages of clinical development, 

very few specifications are finalized, 
and some tests may still be under development. 

3.2.S.4.3 Validation of 
Analytical

Procedures

Validation of analytical procedures is usually 
not required for original IND submissions for Phase 1 studies; 

however, you should demonstrate that test methods 
are appropriately controlled. 

genetically engineered viruses and cells

‘minimum CMC regulatory compliance continuum’

embraced by FDA
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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.

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

Early Stage Clinical Development

‘minimum CMC regulatory compliance continuum’

illustrated in assignment of specifications

Late Stage Clinical Development

Critical Quality 
Attribute

Early Stage Clinical 
Specification

Justification

Purity 
by CGE

> 95% ‘Industry Standard’

Monomer 
by SEC-HPLC

> 95% ‘Industry Standard’

Endotoxin 
by LAL

NMT 5 
EU/dose/hour

USP Safety Limit

Residual Host 
Cellular DNA

NMT 10 ng/dose WHO Safety Limit

Residual Host Cell 
Proteins (HCPs)

NMT 100 ng/mg 
(ppm)

Experience

Critical Quality 
Attribute

Late Stage Clinical 
Specification

Purity 
by CGE

Based on 
statistical analysis 
of  manufactured 

batches

Monomer 
by SEC-HPLC

Endotoxin 
by LAL

Residual Host 
Cellular DNA

Residual Host Cell 
Proteins (HCPs)
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Know your corporate 
r___ a_________ l____
(“corporate culture”)

Manage the CMC needs 
of your specific 

biopharmaceutical 
p______

Manage the CMC needs 
of your specific 

biopharmaceutical 
m____________ p______

Align CMC strategy 
with the s______ 

r___-b____
ICH guidelines

Manage the ‘m______ 
CMC regulatory 

c_________ c________’

5 design elements of an effective risk-managed 
CMC regulatory compliance strategy

Quick Quiz

96
… but stresses the 

CMC continuum timetable!

FDA:  Regenerative Medicine Advance Therapy (RMAT) designation

EMA European Medicines Agency Guidance on 
Interactions in the Context of PRIME (May 2018)

EMA:  Primary Medicine (PRIME) designation

Exciting clinical speed opportunities
to shorten the timelines …

A major challenge is to develop, characterize, and validate the biopharmaceutical 
manufacturing process under compressed clinical development timelines, while 

ensuring product comparability of clinical data between process changes!

FDA Guidance for Industry: Expedited Programs for 
Serious Conditions – Drugs and Biologics (May 2014)

FDA:  Breakthrough Therapy designation

FDA Guidance for Industry: Expedited Programs for Regenerative 
Medicine Therapies for Serious Conditions (February 2019)

Migration to a Shorter, ‘SEAMLESS’, Clinical Development Program
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Recognized CMC pressure points applicable to biologics due to clinical expediting 

EMA PRIME designation (especially challenging for advanced therapy biologics)

97

98

In contrast to traditional drug review, where 80 percent of the review is 
focused on the clinical portion of that process, and maybe 20 percent is 

focused on the product issues, I’d say that this general principal is almost 
completely inverted when it comes to cell and gene therapy. 

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

The more challenging questions relate to product manufacturing and quality, 
or questions like how much you can change, or enlarge, the gene cassette 

that you load into a vector before the gene insert will change the 
conformation of the vector in ways that also fundamentally 

alter the entire product’s safety or performance.

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

FDA is VERY concerned about the CMC team if expedited 
clinical pathway is granted for gene therapy biopharmaceuticals!
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Always a danger in CMC’s management of the continuum
in keeping pace with clinical development, if going fast!

‘Seamless’ 
Clinical Phase

Phase 
1 

Phase 
2

Phase 
3 paradigm 

shift

Fewer 
opportunities to 

rectify issues

Shorter time 
to react 
to the 

unexpected

Often just 
one chance 

to get it 
right

Phase 
1

Phase 
2

Market

? Questions ? 

100

See	you	tomorrow!					Bis	morgen!		
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CMC Regulatory Compliance Strategy 
For Biopharmaceuticals

Course Outline

3. Applied Risk-Managed CMC Regulatory 
Compliance Strategy

 mAb: walk through entire manufacturing process 
from source material → drug substance → drug 
product

 Gene therapy virus: comparing/contrasting a 
protein-based manufacturing process (i.e., mAb) 
with a virus-based manufacturing process

102

Manufacturing Process Flow Diagram

Monoclonal 
Antibody

AAV Gene Therapy 
(Replacement Gene)

STARTING 
MATERIAL

Recombinant 
Master Cell Bank (rMCB)

DRUG 
SUBSTANCE

DRUG 
PRODUCT
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Starting Material (ICH Q11)

for recombinant proteins and monoclonal antibodies

for chemical drugs

contains the genetic capability to make the product

104

Assembling a Recombinant Master Cell Bank

(Step 1 of 3)  Development Genetics (stitching genetic components)

gene vector

expression construct

genetic material that contains the capability 
of producing the desired structure/product; 

(genes can be further genetic engineered)

larger piece of DNA (e.g., plasmid, virus) 
that contains promoters, enhancers and 
other genetic pieces to allow the gene to 

function and survive within a foreign host
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Transduction (e.g., viruses) 

Transfection (e.g., liposomes)

Transformation (e.g., electroporation)

Assembling a Recombinant Master Cell Bank

(Step 2 of 3)  Preparing the Cloned Cell Substrate

not 1 engineered host cell, 
but 1000s

expression construct living host

c.n.  1, …

Host Cells Most Common

Bacterial E. coli (rproteins)

Mammalian CHO   (mAbs)

Cloned genetically engineered 
single cell expanded –

‘cell substrate’

cloning

Cloned Cell Substrate
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Assembling a Recombinant Master Cell Bank

(Step 3 of 3)  Laying Down the Cell Bank

Master Cell Bank (MCB) 

the expanded cell substrate Is aliquoted into multiple containers 
(typically 200 aliquots) and stored under defined long-term conditions

Working Cell Bank (WCB)

1 aliquot of the MCB is expanded and then aliquoted into multiple 
containers (typically 200 aliquots) and stored under defined conditions

If 1 aliquot is typically needed per production batch, 
MCB can provide up to 200 production batches

If 1 aliquot is typically needed per production batch, 
WCB can provide up to 40,000 production batches
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Myth #1

Since a Master Cell Bank has been allowed by 
a regulatory authority to be used in clinical studies, 

the MCB must also be acceptable for commercial manufacturing!

Two myths about Recombinant MCBs!

“Myth” - a traditional or legendary story, with or without a 
determinable basis of fact, that explains some practice

108

Truth about MCBs during clinical development

1 of 2:  minimum regulatory authority expectations

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 I trials. 
It is acknowledged that a Working Cell Bank (WCB) may not 

always be established.

EMA Guideline on the Requirements for Quality Documentation Concerning 
Biological Investigational Medicinal Products in Clinical Trials (September 2018)
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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….

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 (April 2013)

Truth about MCBs during clinical development

2 of 2:  regulatory authority reviewers do not catch everything

110

ICH Q5D

 Prions – TSEs  

‒ Prevented through risk minimization strategy in 
choices for raw materials used to prepare bank

 Viruses* – insect/animal/human cell lines

‒ Extensive viral safety testing of bank; $$$

 Mycoplasmas – insect/animal/human cell lines

‒ 28 day testing of bank

 Bacteria/Fungi – all cell lines

‒ Culture purity testing of bank (if bacterial/yeast)

‒ Sterility testing of bank (if animal/human)

‘Primarily on Safety’ Focus

(1) absence of adventitious agents of concern 

*NGS – Next Generation Sequencing
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ICH Q5D

Absence confirmed by documentation of procedural controls

MCBs/WCBs are to be manufactured under cGMPs!

‘Primarily on Safety’ Focus

(2) absence of non-host cells

112

 Gene Authentication

 DNA sequencing to confirm correct nucleotide sequence

 Protein sequencing to confirm correct amino acid sequence from DNA

 Vector Authentication

 DNA sequencing to confirm correct regulatory/control elements

 Restriction enzyme mapping of vector elements

 Host Authentication

 DNA fingerprinting
ICH Q5B

ICH Q5D

‘Primarily on Safety’ Focus

(3) correct identity of genetic components

Note, where was the genetic engineering done?  In R&D?
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 Patient safety continues to remain the primary 
regulatory evaluation of the MCB

 But now, the MCB is also thoroughly reviewed to 
determine if it can meet the expectations for a stable, 
continuous, homogenous source for future ongoing 
commercial manufacturing

 Emphasis shifts from “brief” to “detailed” descriptions 
in the BLA/MAA

Truth about MCBs for commercial manufacturing

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. 
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FDA Guidance For Industry For the Submission of Chemistry, 
Manufacturing , and Controls Information For a Therapeutic 

Recombinant DNA-Derived Product or a Monoclonal Antibody 
Product For In Vivo Use (August 1996)
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Clonal issues with monoclonal antibodies produced by CHO 

Ultragenyx
Breakthrough Therapy

Merck
Fast Track

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

The specifications for burosumab drug substance and drug product are acceptable to ensure 
adequate quality 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 quality throughout the product life cycle.

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

Testing for the identity, safety and genetic stability of the cell bank was performed. 
However, as the cell cloning procedure did not provide a high assurance of clonality of 

the master cell bank. The cell line genetic stability and product quality data submitted to 
the BLA provide assurance that the current manufacturing process is not impacted 
by the clonality of the cell bank; however it did not address the impact of different 

manufacturing conditions throughout the product life cycle. 

To address this issue the Applicant agreed to perform additional testing of the 
master cell bank to support clonality as a postmarketing commitment.

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)

FDA Drugs – Search Drugs@FDA: FDA Approved Drug Products: Zinplava
(Bezlotoxumab) – Approval History, Letters, Reviews and Related Documents –

Administrative and Correspondence Documents – Summary Review (October 21, 2016)
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Myth #2

Focus resources/attention on the Master Cell Bank, 
since a Working Cell Bank never causes any problems!

Two myths about Recombinant MCBs!

“Myth” - a traditional or legendary story, with or without a 
determinable basis of fact, that explains some practice

118

As for any process change, 
the introduction of a WCB may potentially 

impact the quality profile of the active substance 
and comparability should be considered.

Regulatory authorities are aware of the risks 
associated with the introduction of new WCBs

Regulatory concern at the clinical development stage

EMA Guideline on the Requirements for Quality 
Documentation Concerning Biological Investigational 
Medicinal Products in Clinical Trials (September 2018)

Caution only 
(but no prior-approval required for introducing a new WCB 

into the manufacturing process during clinical development)
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Qualification of the WCB will include 
- safety testing, 
- an evaluation of the growth of WCB cultures relative 

to the growth of Master Cell Bank (MCB) cultures, 
- testing of end of production cells generated 

from the commercial scale process, and
- a comparability assessment that includes the first three lots

manufactured from the WCB using the commercial process. 

One lot manufactured using the commercial process will be 
placed on a stability protocol and the data will be submitted 
in the subsequent BLA annual reports. 

The WCB qualification report will be submitted in a prior 
approval supplement.

FDA Drugs – Search Drugs@FDA: FDA Approved Drug Products: Unituxin
(Dinutuximab) – Approval History, Letters, Reviews and Related 

Documents – Market Approval Letter (March 10, 2015)

Heightened regulatory concern at the commercial stage

Case Example of what a regulatory authority can request before allowing 
the introduction of a new WCB into the manufacturing process

MCB was not 
confirmed to be 
clonal; typically 

only first  lot

United Therapeutics 

No pre-approved 
contract in place 
for this protocol
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FDA Drugs – Search Drugs@FDA: FDA Approved Drug Products: Perjeta (Pertuzumab) 
– Approval History, Letters, Reviews and Related Documents – Chemistry Review 

– Product Quality Review Data Sheet (May 31, 2012)

FDA has discovered problems with WCBs 
during pre-approval inspections

Genentech

In addition, while inspecting the facility, 
we discovered that the Sponsor was experiencing serious issues 

with the thaw and subsequent propagation of cells from 
WCB__ used to manufacture pertuzumab.

At the time of inspection, the root cause investigation was ongoing and no 
root cause had been identified, although data suggested instability of WCB … 

The 483 items cited on this inspection could generally be classified as VAI 
(voluntarily action indicated), but 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 Monoclonal Antibodies.

more on this story when we get to process validation
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FDA Drugs – Search Drugs@FDA: FDA Approved Drug Products: Trazimera (Trastuzumab-qyyp) 
Biosimilar – Approval History, Letters, Reviews and Related Documents – Other Action Letters 

– Complete Response Letter (April 20, 2018)

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/761081Orig1s000OtherActionLtrs.pdf

Pfizer

Identified in Complete Response Letter (CRL) at end of BLA review

FDA has discovered problems with WCBs 
during BLA Reviews
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Manufacturing Process Flow Diagram

Monoclonal 
Antibody

AAV Gene Therapy 
(Replacement Gene)

STARTING 
MATERIAL

Recombinant 
Master Cell Bank (rMCB)

Variable – process 
and end use dependent

DRUG 
SUBSTANCE

DRUG 
PRODUCT
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E. coli Plasmid Manufacture of 3 separate plasmids

(Development Gene cs →  Expansion → rMCB/rWCB → Plasmid Produc on → Purifica on → Packaging)

Plasmid DNA (transfer)
transgene

Plasmid DNA (helper)
other AAV coding genes, 
disabled replication

Plasmid DNA (rep/cap)
AAV life cycle genes

HEK293 (human) MCB/WCB 

Cell Transfection

Production of rAAV

Adeno-Associated Virus 
(rAAV) Manufacturing using 
Plasmid DNA Transfection

Cell Expansion

HEK293 Source → Expansion

Discussion:  What are the source materials for 
this gene therapy manufacturing process?

124

Regulatory Concerns for Source Materials

Comparison of Regulatory Concerns for MCBs

Monoclonal Antibodies AAV for Gene Therapy

Absence of adventitious agents 
(prions, viruses, mycoplasma, 

bacteria/fungi)

Same, but …

“In your IND, you 
should provide a 

description of the history 
and detailed derivation 
of the source material 

for the cell bank.” 

Absence of 
replication competency

Absence of non-host cells

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

Regulatory Concerns for the Viral Vectors

You should also provide a complete description of all procedures 
used for gene modification (such as transfection, infection or 
electroporation of vectors, or genome editing components) and any 
additional culture, cell selection, or treatments after modification. 
The vector used should be described in detail as indicated above. 

Note, for mAbs, the wording 
was ‘ brief description’

because gene therapy is 
frequently ‘expedited’, it is 
now ‘detailed description’.
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Challenge of ‘Sole Source’ source materials

EDIT-101 – transient AAV manufacture, with CRISPR for in vivo gene editing
1 of 3 plasmid vectors did not meet incoming quality specs

Case Example: 12 month clinical start delay

“Marker currently estimates that the alternative supplier will deliver the final reagent, along with the 
final data and certificate of analysis required by the FDA, by the end of the Q3 2020.”

Case Example: 3 month clincal hold + 12+ month partial clinical hold

“The manufacturing delay related to production 
of input materials for AAV manufacturing”

May 15, 2017

November 30, 2018

November 12, 2019

August 10, 2020
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Manufacturing Process Flow Diagram

Monoclonal 
Antibody

AAV Gene Therapy 
(Replacement Gene)

STARTING 
MATERIAL

Recombinant 
Master Cell Bank (rMCB)

Variable – process and 
end use dependent

DRUG 
SUBSTANCE

↓
Cell Culture Production 

of mAb
(‘upstream’  USP)

↓
Purification of mAb
(‘downstream’  DSP)

↓
DS (API)

DRUG 
PRODUCT
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MCB/WCB Upstream Process Downstream Process

3 major CMC regulatory compliance issues for a 
monoclonal antibody manufacturing process

-----------genetic instability---------

----------- limitations of scaled-down modeling-----------

-- risk-based control of the manufacturing process –
during clinical development

1st major CMC issue:  Genetic Instability
A reality that occurs with all living systems – across the entire dogma 

of molecular biology – DNA → RNA → Protein!

128
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Protein Sequence Variants – a reality with mAbs (and recombinant proteins)!

129

Next Generation Sequencing (NGS) of nucleotides + LC-MS/MS of amino acids

Frequency of genetic mutations detected in recombinant transgene:  5-20%

What if protein sequence variants are detected?

If in new cell line at > 1% protein sequence variants – discard

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

According to this industry survey –

130

 Confirmation of no change of expressed protein amino acid sequence

 Confirmation of no change on genetic DNA nucleic acid sequence

 Confirmation of absence of latent virus induction (insect/mammalian cells)

(e.g., shingles and chickenpox in humans – especially as we age)

MCB  WCB  Production End (Harvest)  Extended Culturing

EPCB
(cells checked 

at harvest)

Limit of in vitro cell age
(cells checked at end of 

extended culturing)

During clinical development For market approval

ICH Q5D provides recommendations on genetic stability evaluation

Evaluation of genetic stability a requirement 

For clinical development:  from MCB → EPCB
For market approval:  from MCB → Extended culturing 

→ population doublings, cell generations, elapsed culturing time →
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Traditional & Expected approach to genetic stability determination

131

No regulatory guidance on how long 
to passage in development

Non-traditional approach to genetic stability determination

expect regulatory authority hesitancy!

132

MCB WCB Reduced-Scale Development Bioreactors

Genentech Perjeta mAb
FDA Market Approval Letter
Post-Market Commitment  

June 2012

Genentech tried similar 
approach in Feb 2004 
with Avastin mAb –
same FDA response
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Sp2/0 murine cells

Genetic instability is occasionally observed! 

Case Example

Copy number loss – productivity impacted, but not product quality!

Inflectra MAb (Infliximab Biosimilar) EPAR    Hospira    2013

Quality → CQA
Yield → KPP

134

Genetic instability is occasionally observed! 

Case Example

Chromosomal gene translocation (‘jumping genes’) –
No impact on productivity nor on product quality!
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2nd major CMC issue:  Limitations of Scaled-Down Modeling

Not always easy to visualize the connection 
between full scale and scaled-down!

136

Scaled-down models are absolutely necessary for biologics!

 GMP Unacceptable

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

 Worker Safety

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

 Costly

‒ expensive at full-scale to run the studies, especially tying up a commercial 
manufacturing facility

Problems with using some large scale studies



69

137

Biologic manufacturing is dependent upon scaled-down models!

UPSTREAM PROCESS

• AMBR cell culture media optimization, and 
identification of critical raw material attributes

• Cell culture CPPs (DOE) 

• Genetic stability (limit in-vitro cell age)

DOWNSTREAM PROCESS

• Purification CPPs (DOE)

• Virus clearance evaluation (low pH, 
chromatography, nanofiltration)

• Process-related impurity clearance (host cell 
DNA and proteins, Protein A leachables)

• Molecular variant clearance (oxidation, 
deamidation, aggregates)

• Process hold times

• Chromatographic column resin use life

column or 
nanofilter

Spike in

Residual out

138

British  mathematician and statistician George E P Box

“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.” 

But, scaled-down models also have limitations!

parsimonious – frugal, stingy 
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Regulatory authorities expect justification of scaled-down studies 
with regard to the commercial scale manufacturing process!

(to be confirmed from commercial scale data, if possible)

ICH Q11

140

3rd major CMC issue:  Risk-Based Control of the 
Manufacturing Process During Clinical Development

EMAFDA

Stage 1
The goal of this stage is to develop a manufacturing process suitable for routine commercial 

manufacturing that can consistently deliver a product that meets its quality attributes
(clinical development and scale-up activities)

Stage 2

Stage 3

Process Design

Process Qualification

Continued Process Verification

Process Characterization

Process Verification

Ongoing Process Verification

The goal of this stage is to confirm that the final manufacturing process performs effectively in 
routine manufacture and is able to produce a product of the desired quality on an appropriate 

number of consecutive batches produced with the commercial process and scale 

The goal of this stage is to provide ongoing assurance of the manufacturing process
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Stage
Manufacturing Process 

Understanding
Biologic Product 

Knowledge
Manufacturing 

Experience

1

Process Design/ Process Characterization

(a) Process Development

Identification of 
pCMAs, pCPPs

(b) Process Evaluation

DOE, RRF and small scaled 
process validation studies

pCPPs → CPPs

Control Strategy finalized

Scale-up/transfer as needed

Identification of pCQAs

Preliminary specs

Short-term and stressed 
product stability

Thorough product 
characterization

Initially 1 or 2 
manufactured batches

Additional manufactured 
batches to supply ongoing 

clinical trials, as needed

2

Process Qualification/ Process Verification

Commercial-like process 
lock-down 

PPQ batches

Test methods validated

CQAs identified

Regulatory specs defined
(or interim specs)

Long-term product stability 
establishes shelf life 

specifications

Numerous (hopefully) 
manufactured batches to 

establish statistical-based 
controls

142

Cautionary note about small-scale studies in Stage 1

Level of Quality Unit ‘oversight’

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

PDA Technical Report #60  Process Validation: A Lifecycle Approach (2013)
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Regulatory authority Stage 2 expectations of biologic 
process validation to be included in BLA/MAA

FDA sometimes attaches to a pre-BLA submission meeting minutes, 
a “hot topic” list of frequently encountered deficiencies in biologic process validation

CTD Module 3.2.S:  Drug Substance

3.2.S.2.4   Controls of Critical Steps
3.2.S.2.5   Process Validation/Evaluation
3.2.S.4      Control of Drug Substance

CTD Module 3.2.P:  Drug Product

3.2.P.3.5   Process Validation/Evaluation

Pre-BLA Meeting Minutes   Dompe Oxervate (recombinant nerve growth factor)    January 2017

Case Example

144

Drug Substance (3.2.S.2.5)
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Drug Product (3.2.P.3.5)

BLA submitted Dec 2019      BLA withdrawn Feb 2020 (right before RTF)      
Refiled (by end of 2020?)

Biologic process validation missteps unfortunately occur!

Case Example 1:  withdrawal of filed BLA!

146



74

147

BLA submitted Dec 2011      FDA PAI March 2012

FDA CMC team internal discussion about the Genentech mfg facility for Perjeta

Biologic process validation missteps unfortunately occur!

Case example 2:  close call delay in obtaining market approval!

148

Seed Train 
Multiple Passages in

Selective Medium 

Inoculum Train Multiple Passages 
in Non-Selective Medium

What is the 
significance of the 
first process step?
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Clinical 

Reviewers
CMC 

Reviewers

Biologic process validation missteps unfortunately occur!

Case example 3:  22 month delay in market approval!

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 quality… 

Complete the validation studies for the clearance of all impurities and submit the 
final study reports to demonstrate identification and control of these impurities. T

his 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 qualification 
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 quality assurance unit to document the use of sound scientific methodology 

and principles with adequate data to support the conclusions. 

BLA submitted Dec 2015     CRL received Aug 2016 (12 of 18 issues were CMC)

FDA meeting minutes with Portola Pharma on CMC issues in Complete Response Letter

150BLA approved May 2018
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Manufacturing Process Flow Diagram

Monoclonal 
Antibody

AAV Gene Therapy 
(Replacement Gene)

STARTING 
MATERIAL

Recombinant 
Master Cell Bank (rMCB)

Variable – process and 
end use dependent

DRUG 
SUBSTANCE

↓

Cell Culture Production 
of mAb

(‘upstream’  USP)

↓

Purification of mAb
(‘downstream’  DSP)

↓

DS (API)

↓
Cell Culture Production 

of g.e. virus
(‘upstream’  USP)

↓
Purification of g.e. virus

(‘downstream’  DSP)

↓
DS (API)

DRUG PRODUCT
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Plasmid DNA 
(transfer)
transgene

Plasmid DNA 
(helper)

other AAV coding 
genes, disabled 

replication

Plasmid DNA 
(rep/cap)

AAV life cycle genes

HEK293 MCB/WCB 

Cell Transfection

Production of rAAV

Cell Expansion
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Major differences for virus manufacturing

extra safety precautions to protect staff from infectious virus

Lessons learned the hard way (from biopharmaceutical protein 
processes contaminated with viruses and/or mycoplasma):  

Accidental release is not the time to call a committee meeting, 
but needs timely, prospective, well-thought-out action!

PDA TECHNICAL REPORT 83  (2019)

Virus Contamination in Biomanufacturing: 
Risk Mitigation, Preparedness, and Response

critical importance of emergency plan for accidental spillages

154

MCB/WCB
+ 3 plasmids

Upstream Process Downstream Process

Same 3 major CMC regulatory compliance issues 
for a g. e. virus manufacturing process

-----------genetic instability---------

----------- limitations of scaled-down modeling-----------

-- risk-based control of the manufacturing process –
during clinical development
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Same risk-based control of the manufacturing process 
during clinical development of a g. e. virus

EMAFDA

Stage 1
The goal of this stage is to design a process suitable for routine commercial 

manufacturing that can consistently deliver a product that meets its quality attributes 

Stage 2

Stage 3

Process Design

Process Qualification

Continued Process Verification

Process Characterization

Process Verification

Ongoing Process Verification

The goal of this stage is to confirm that the final manufacturing process performs effectively in 
routine manufacture and is able to produce a product of the desired quality on an appropriate 

number of consecutive batches produced with the commercial process and scale 

including process validation deficiencies 
in submitted BLA/MAA

156

BLA submitted Feb 2017      FDA Mid-Cycle Communication meeting May 2017

FDA meeting minutes with Novartis on Kymriah significant unresolved CMC issues

Biologic process validation missteps unfortunately occur!

Case example:  close call delay in obtaining market approval of CAR T-cells!
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Manufacturing Process Flow Diagram

Monoclonal 
Antibody

AAV Gene Therapy 
(Replacement Gene)

STARTING 
MATERIAL

Recombinant 
Master Cell Bank (rMCB)

Variable – process and 
end use dependent

DRUG 
SUBSTANCE

↓
Cell Culture Production 

of mAb
(‘upstream’  USP)

↓
Purification of mAb
(‘downstream’  DSP)

↓
DS (API)

↓
Cell Culture Production 

of g.e. virus
(‘upstream’  USP)

↓
Purification of g.e. virus

(‘downstream’  DSP)
↓

DS (API)

DRUG 
PRODUCT

↓
Formulation (excipients added)

↓
Filter Sterilization (0.2 µ x 2 in series)

↓
Aseptic Filling (into container closure)

↓
DP
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Function of Excipients

 Stability of bioactivity/functionality (HOS)

 Solubility of biologic product

 Minimization of molecular variant formation

 Bulking agent for protection during protein 
lyophilization

 Cryoprotectant for protection of frozen cells

 Antimicrobial preservative for multi-use delivery

Biologics are formulated with excipients

but needs a justifiable reason for its presence

For market approval, the excipients present 
and their assigned level will need to be 

justified:  3.2.P.2.1.2 and 3.2.P.2.2.1

Common excipients used with mAbs
 Polysorbate 80*

 Sodium chloride

 Sucrose

 Histidine

 Sodium phosphate

Excipients used with g.e. viruses
 Poloxamer 188

 Sodium chloride

 Sodium phosphate

Excipients used with g.e. cells

 Human serum albumin

 Sodium chloride

 DMSO
* Can be unstable forming peroxides (due to oxidative degradation) 
or releasing free fatty acids (due to residual HCP lipases)
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Avoid ‘novel’ excipients unless absolutely required!

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

Afrezza,  Inhaled Human Insulin Novel Excipient: FDKP

(fumaryl diketopiperazine) – critical to impart 
correct micron size particles for inhalation

Anything bigger – sticks to back of throat 
Anything smaller – exhaled

FDKP – required a 2 year tox study!

Ervebo,  Ebole Zaire Vaccine, 
recombinant, live   

Novel Excipient: recombinant human serum albumin

CTD included detailed information on 
structure, general properties, manufacturer, 

manufacturing process and controls, 
characterization, specifications, analytical 

methods, batch data, container and stability!
EPAR

FDA 2014
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Formulation changes do occur with biologics (even commercial ones) 

but, should be a high value benefit to offset risk of change!

Change due to increased 
mAb concentration 

Roche Rituxan commercial mAb

IV admin SC admin

10 mg/mL
Sodium chloride
Sodium citrate
Polysorbate 80

120 mg/mL
Histidine HCl

Trehalose
L-methionine

Polysorbate 80
Recombinant human 

hyaluronidase

Change from innovator to biosimilar

Enbrel commercial recombinant fusion protein

Amgen 
(innovator)

Etanercept

Sucrose

Sodium phosphate

Sodium chloride

L-arginine

Sandoz
(biosimilar)

Etanercept

Sucrose

Sodium citrate

Sodium chloride

L-lysine

Samsung
(biosimilar)

Etanercept

Sucrose

Sodium phosphate

Sodium chloride

L-arginine

But not all biologic formulation changes are successful!
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 Immunex Leukine (rh GM-CSF) lyophilized originally approved by the FDA in 1991; 

 Immunex Leukine liquid – choice between 2 liquid formulations (one with EDTA, dropped) 
(one without EDTA, which the FDA approved in 1996)          [I was VP Q at the time]

 Amgen acquired Immunex (and Leukine) in 2002, then sold off Leukine to company A, 
which sold it off to company B, which finally sold it off to Bayer

‒ How effective is Knowledge Management?

 In 2006, Bayer received FDA approval to add a ‘touch’ of EDTA to the liquid formulation

 EDTA, a chelating agent, traps metal impurities and thereby extends the shelf life of 
protein products such as Leukine

 Studies showed that Leukine with and without EDTA was comparable

 After 2 years in the marketplace, enough pharmacovigilance data confirmed that the liquid 
Leukine with added EDTA had a new patient adverse event           January 2008 RECALL

Dash of EDTA!

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

162

 Investigation revealed why 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 temporary increase in plasma 
concentration of GM-CSF shortly after administration”                     

 Fainting due to lack of oxygen to the brain – body’s defense system

 Pharmacovigilance, sometimes takes years, to pick up low-frequency 
adverse events (such as syncope) – not product comparability studies!

‒ Explains why formulation changes are considered ‘high risk’ for biologics

(A+ to Marketing)
May 2008, 5 months later, Bayer reintroduces the 
original liquid Leukine formulation (without EDTA)
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Injection (‘Parenteral’) – IV, IM, SC
‒ Glass vial with rubber stopper (rproteins/mAbs and G. E. viruses)
‒ Pre-filled syringe
‒ Pre-filled plastic patient administration bag (G. E. cells)

Inhalation
‒ Aerosol nebulizer (Pulmozyme, recombinant human DNase)
‒ Dry powder inhaler (Afrezza, recombinant human insulin)

Topical
‒ Transdermal gel in tube (Regranex, recombinant human PD growth factor)
‒ Eye drop adapter (Oxervate, recombinant human nerve growth factor)

Rectal

Vaginal

Oral
‒ Tablet – Blister Pack (Rybelsus, GLP-1 peptide, chemically synthesized)

Container Closures for Biologics

heightened concern for interaction at product-contact surfaces

Biologics are not inert to product-contact surfaces of the container closures

(extractables, delamination, particles, silicon oil) 

164

metal 
needle

glass
barrel

rubber 
plunger
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Pre-filled Syringes – discovery of tungsten oxide residuals

Impact of container closure on biologic 

During glass syringe manufacture, while 
the glass barrel is being formed at high 
temperature (~1200oC), a tungsten pin is 

used to shape and maintain the hole where 
the stainless steel needle will be glued in

‒ Improved syringe washing processes at the vendors 

‒ Incoming batch check for residual tungsten (ICP/MS)

‒ Test protein product for sensitivity to tungsten oxide

During pin removal, residual tungsten 
oxides can remain, and accelerate protein 
aggregation, oxidation, and precipitation

166

Glass vials - discovery of glass delamination 

Impact of biologic on container closure

Micro-Flow Imaging (MFI)

(counting and photographing 
each type of particle present) 

Amgen:  delamination has occurred in 
potentially every glass vial of Epogen 

manufactured since 1982!

Patient safety concern
glass shards could cut capillaries 

Discovered glass shards in solution in 2010
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Recall        September 2, 2010        Epogen (epoetin alfa)

2011 Advisory to Drug Manufacturers – Glass Delamination

‒ Glass vials manufactured by a tubing process (and thus manufactured 
under higher heat) are less resistant than molded glass vials 

‒ Drug solutions formulated at high pH (alkaline) and with certain buffers 
(e.g., citrate) are more susceptible

‒ Drugs stored at room temperature have a greater chance of glass 
lamellae formation than do products stored at colder temperatures

168

Container Closures (other than glass vial-stopper) are DEVICES

device regulations (in addition to biologic regulations) must be met

Device functionality: both at time of release 
and throughout the entire shelf life

‒ Glass vial/rubber stopper 

‒ Pre-filled syringe
‒ Autoinjector
‒ Inhalers

medical devices
‘combination products’

• FDA – 21 CFR 820 (Quality System Management) - CDRH
• EU Regulation – Medical Device Regulations (2017/745)
• ISO 10993 Biological evaluation of medical devices
• ISO 11608-1 Needle-based injection systems for medical use: Requirements 

and test methods
• ISO 11608-4 Requirements and test methods for electronic and 

electromechanical pen injectors
• ISO 11608-6 Needle-based injection systems for medical use: Requirements 

and test methods – bolus injectors



85

169

Human engineering studies are most important!

Life saving for 
anaphylactic shock

In an emergency, do you know which end to push into the skin?

If someone can do something dumb with your device, it will happen!

Life saving for 
diabetic hyperglycemia coma

170

Manufacturing Process Flow Diagram

Monoclonal 
Antibody

AAV Gene Therapy 
(Replacement Gene)

STARTING 
MATERIAL

Recombinant 
Master Cell Bank (rMCB)

Variable – process and 
end use dependent

DRUG 
SUBSTANCE

↓
Cell Culture Production 

of mAb
(‘upstream’  USP)

↓
Purification of mAb
(‘downstream’  DSP)

↓
DS (API)

↓
Cell Culture Production 

of g.e. virus
(‘upstream’  USP)

↓
Purification of g.e. virus

(‘downstream’  DSP)
↓

DS (API)

DRUG 
PRODUCT

↓
Formulation (excipients added)

↓
Filter Sterilization (0.2 µ x 2 in series)

↓
Aseptic Filling (into container closure)

↓
DP

? Questions?
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Course Outline

4. Demonstrating Comparability After 
Manufacturing Process Changes

 Three (3) key design elements of an 
effective risk-managed comparability study 

CMC Regulatory Compliance Strategy 
For Biopharmaceuticals
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 Improvements in the biologic manufacturing process 

− Cell line change (e.g., switch to a higher productivity cell line)

− Switch to continuous manufacturing (e.g., perfusion cell 
culture, chromatographic columns in parallel)

− Manufacturing site change (e.g., scale-up, switch from clinical 
GMP to commercial cGMP facility)

 Improvements in the biologic product quality

− Improved chromatography to reduce residual impurities

− Exchange to more sensitive QC analytical techniques        
(e.g., SDS-PAGE → CE-SDS; IEF → cIEF)

There is always something about the biologic manufacturing process 
that can (or needs to) be changed!

But every change carries a risk! 

Change is inevitable! 

STANDARD FOR PRODUCT COMPARABILITY 

equivalent ‘highly similar’
→        increasing molecular complexity with decreasing analytical analysis  
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‘not identical’        

Same standard for all biologics: “highly similar”  (ICH Q5E)

• Applies to innovator recombinant protein and mAb manufacturing

• Applies to biosimilar recombinant protein and mAb manufacturing

• Applies to recombinant virus manufacturing

• Particularly challenging for cell-based manufacturing

“any differences in 
quality attributes have 

no adverse impact 
upon safety or efficacy 

of the drug product”

Note:  is subjective

176

“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.”

ICH Q5E 

Prior to 
First-in-
Human 
Studies

Clinical Development Commercial

Comparability Exercise
(occurs across the entire product lifecycle)

Risk involved to a biologic due to a manufacturing process 
change is assessed by the ‘comparability exercise’!

Bottom-Line:  Is the benefit of the change worth the risk?
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3 key design elements of an effective
risk-managed comparability exercise

Assess risk from the nature of the 
manufacturing process change

2
3

178

Each manufacturing process change carries a different risk to the product!

‒ The nature of each manufacturing 
process change carries its own level 
of potential risk for the biologic

‒ Increasing levels of potential risk 
require increasing amounts and 
types of test data to support biologic    
comparability after the change

‒ Increasing levels of potential risk 
also require increasing oversight 
and/or pre-approval by the 
regulatory authorities
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The higher the potential risk level to the biologic, the greater the amount/types of 
data required to confirm comparability after the process change!

180

Risk Level Examples of  Biologic Process Changes

Significant
(FDA 

CMC Amendment)

Substantial
(EU NCA 

prior-approval)

‒ Any process change that impacts the impurity profile, 
microbial contamination, viral safety, or TSE

‒ Change in source material (e.g., new MCB)

‒ Addition or removal of a purification step

− Change in formulation and/or container closure system

− Changes that require changes to product 
specifications (e.g., widening of an acceptance criteria, 
changing of test method for analysis)

Not Significant
(FDA 

AR)

Non-substantial
(EU NCA

not reported)

‒ Anything that is not significant or non-substantial

Regulatory authority ‘help’ in evaluating potential risk of 
manufacturing process change during clinical development
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EMA Risk-Level for Process Change

Major Risk Moderate Risk Minor Risk

Type II Variation
(formal approval)

Type IB Variation
(30 day wait)

Type IA Variation
(Annual Reporting)

https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-
2/c_2013_2008/c_2013_2008_pdf/c_2013_2804_en.pdf

Variation Guidelines 2013/C 223/01

FDA Risk-Level for Process Change

Major Risk Moderate Risk Minor Risk

Prior Approval 
Supplement (PAS)

Change Being 
Effective (CBE-30)

Annual Report

21 CFR 601.12

Regulatory authority ‘help’ in evaluating potential risk of 
manufacturing process change after market approval

Lots of published guidance for chemical drugs –
limited guidance for biologics 

(need to read the scope)

182

Consistent with FDA PAS for biologics

no ‘10X’ allowance

EMA Recommendations – after market approval
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EC – Established Condition

184
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Biologic companies aggressively make changes 
during the early clinical stages Case example

185

186

FDA Warning Letter  
January 2017

Erwinaze
(Asparaginase)

Get the assigned risk level wrong after commercial market approval –
incur the wrath of the FDA!

ask 3 consultants, get 3 different answers
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3 key design elements of an effective
risk-managed comparability exercise

Assess risk from the nature of the 
manufacturing process change

Assess risk at the stage 
of clinical development 

3

188

‒ The greater the potential impact of a 
manufacturing process change on the 
biologic’s efficacy or safety, the higher the 
level of risk to the patient

‒ Early stage clinical studies – lower risk level –
studies primarily for patient safety assessment 
and trying to assess which target might have 
the best medical benefit for the product

‒ Late stage clinical studies – higher risk level –
studies to gather pivotal efficacy data which 
must meet predefined statistical thresholds; 
the threshold must not be impacted by a 
manufacturing process change

Each clinical development stage carries a 
different level of risk for a manufacturing process change

ICH Q5E
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As the risk increases on potentially impacting efficacy, 
so does the concern of the regulatory authority!

Comparability Exercise Standard

‘comprehensive and thorough’ 

gathering efficacy 
data to meet 

pre-defined criteria

established efficacy 
and adverse event 

product profile

‘not as extensive’   ‘adequate’

190

Case Example: FDA’s concern for manufacturing process 
changes immediately before the pivotal clinical study

Novartis at an EOP2 meeting sought FDA advice on changing 
the MCB and manufacturing sites for one of their mAbs
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Due to speed of clinical development and due to the limited analytical and functional 
characterization tools currently available for advanced therapy products today

For advanced therapies, manufacturing process changes earlier than later in clinical development
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CASE EXAMPLE for CAR T-cells on how much manufacturing process change 
may be necessary to move from academic to industry manufacturing process!

EMA approved manufacturing process 
changes for commercial mAbs

194

The regulatory encouragement is to introduce manufacturing 
process changes earlier into the clinical development process

But that doesn’t mean that one cannot successfully manage changes 
even after commercial approval!   It’s just a higher potential risk!
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3 key design elements of an effective
risk-managed comparability exercise

Assess risk from the nature of the 
manufacturing process change

Assess risk at the stage 
of clinical development 

Carryout the necessary  
studies to reduce 

residual uncertainty

196

Approach the comparability study exercise in a series of distinct steps

Step 3 (If residual uncertainty still remains)      
human clinical studies

Step 2 (if residual uncertainty remains) 
animal nonclinical studies

Step 1 – analytical/functional studies 1

2

3
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Step 1
Analytical/Functional Studies

1) Consistency batches (spec comparison before and after change)

2) Relevant, comprehensive physicochemical, biological and 
functional assay characterization (head-to-head testing preferred)*

3) Accelerated and Stress stability slope comparison (differences in 
rate of molecular variant formation)*

4) Historical data analysis (“drift” in CQAs) 

197

ICH Q5E

Composed of 4 studies

* Predefined acceptance criteria for defining ‘highly similar’
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Recognize the limitations of ‘characterization’ in the 
comparability studies during clinical development

availability of test methods (suitable not required to be validated), 
meaningfulness of test results (preliminary wide specs)

Mature testing tool box for recombinant protein & mAb products

Under development
testing tool box for 
advanced therapies

Sequencing of nucleic acid 

Analytical ultracentrifugation (AUC)

Fluorescent Microscopy

qPCR (DNA residuals)

Flow cytometry

Bioassay

ELISA

200

Stress stability slope comparison (differences in rate of molecular variant formation)
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Stepwise Reduction of Residual Uncertainty

Clinical 
Comparability 

(Humans)

Nonclinical 
Comparability 

(Animals)

Quality 
Comparability 

(Analytical/ 
Functional)

Optional, only if necessary to reduce residual uncertainty

Step 1                                         Step 2                                         Step 3

Innovator Biologic

Biosimilar Mandatory (does not have in-depth CMC knowledge 
of innovator’s manufacturing process)

If detected differences might have an adverse 
impact on patient safety or efficacy (ICH Q5E)

Advanced Therapy

202
2017 FDA Advisory Committee Meeting

Glycosylation not comparable for Ogivri

Biosimilar mAb Case Example:  Step 1 → Step 3

residual uncertainly about glycosylation differences addressed by human PK (Step 3)
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CHO-based

Takhzyro (lanadelumab)
Shire

Case Example:  EMA major concern over limited Step 1 comparability 

Initial: “mAb used for clinical trials not comparabie to commercial mAb”

Final: comparable after comprehensive Step 1 study provided

204

Zynteglo (autologous CD34+ cells 
encoding ßA-T8TQ-globin gene)

Bluebird Bio

Case Example: EMA major concern over limited Step 1 comparability

Initial: “G.E. cells used for clinical trials not comparabie to commercial G.E. cells”

Final:  Because this was PRIME, comparable after tightening potency spec
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205
FDA Kymriah

Case Example: FDA major concern over comparability

“G.E. cells used for clinical trials not comparabie to commercial G.E. cells”

G.E. cells commercial actually better than clinical!

206

Assess risk from the n_______ of 
the manufacturing process change

Assess risk at the s_______
of clinical development 

Carryout the necessary  studies 
to reduce r_______ u_________

Summary of 3 Key Design Elements
of an effective risk-managed comparability exercise’

Quick Quiz
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Demonstrating biologic ‘highly similar’ after a manufacturing process change

Exercise caution, be conservative and objective in your conclusions

Helps to get a honest second unbiased opinion (e.g., independent, experienced consultant)

? Questions?

208

~500 pages

in the top 1,000,000 
best selling books

Amazon

Amazon lists 33M books


