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Course Goal

To help you, the attendee, develop a 
cost effective, risk-managed,

CMC regulatory compliant strategy 
across the lifecycle of the diverse biopharmaceutical 

manufacturing processes and products

Prior to 
First-in-Human 

Studies

Clinical Development Phases

Phases 1-3 or expedited

Market 
Dossier 
Review

Market 
Approved 

CMC Regulatory Compliance Strategy 
For Biopharmaceuticals
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Course Outline

1. CMC Regulatory Challenges for Biopharmaceuticals Are 
Different

2. How to Develop an Effective Corporate Risk-Managed CMC 
Regulatory Compliance Strategy For Biopharmaceuticals

3. Applying a CMC Risk-Managed Control Strategy Throughout 
the Entire Biopharmaceutical Manufacturing Process

4. Major Challenge of Demonstrating Biopharmaceutical 
Product Comparability After Manufacturing Process Changes

CMC Regulatory Compliance Strategy 
For Biopharmaceuticals

Note: many of the principles to be discussed are applicable or adaptable 
to other biologics – vaccines, natural proteins, cell therapy, etc.
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Who is John Geigert, Ph.D., RAC?

 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 Corporation, IDEC Pharmaceuticals)

 Chair, PDA’s Biopharmaceutical Advisory Board 
 15 years as a CMC regulatory consultant to the biopharmaceutical 

industry, covering monoclonal antibodies, biosimilars, and gene therapy 

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

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

 My name is  ….      And I work at ....     And I do the following ….
 My experience with CMC regulatory compliance is ….
 I have a burning CMC question which is ….

Who are you?
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Disclaimer

A number of biopharmaceutical companies 
will be mentioned in this course

There is no intent to criticize any specific company!
But thank you, for messing up so we can learn what not to do!

Plenty of information is included in my presentation
But, there is no inclusion of proprietary information!

Public references are provided in the notes!

housekeeping
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Course Outline

1. CMC Regulatory Challenges For Biopharmaceuticals  
are Different 
 Painting the terminology landscape used in our industry

 Biopharmaceuticals are not chemical drugs; regulatory 
compliance consequences of the CMC differences

 Biopharmaceutical medicines today can be either         
non-living (protein-based) or living (virus-/cell-based)

CMC Regulatory Compliance Strategy 
For Biopharmaceuticals
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Biologic/Biological: Consensus Definition 
(EMA, FDA, HC, WHO, …)

3 components
1) Derived from a living system
2) Challenging manufacturing process
3) Complex molecule
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Biologics before Genetic Engineering

 Immune Serums (Anti-toxins)
Vaccines
Human Plasma-Derived proteins
Animal-Derived Protein Hormones
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Immune Serums (Anti-toxins) since 1920’s 

Iditarod Alaska Dog Relay 1925 – Anchorage to Nome to save children dying of diphtheria



Vaccines since 1940’s 

10

killed virus attenuated virus

killed bacteria DTP      DTaP      TdaP
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Plasma-derived proteins extracted from human blood since 1940’s
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Extraction of 2 tons of 
pig pancreases 

to isolate 8 oz of  insulin

Eli Lilly 
porcine insulin
final product

Protein hormones since 1930’s
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Caution: just because a product is produced by a 
living organism does not make it a biologic!

(‘biologic’ meets all 3 components)

Antibiotics are ‘chemical drugs’ 
from living microorganism fermentations

(penicillin, cephalosporin, tetracycline, gentamicin, …)



14

“Biopharmaceuticals”

3 components
− Derived from a genetically engineered living system
− Challenging manufacturing process
− Complex molecule

Biologics after Genetic Engineering
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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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WAVES 1, 2 and 3

Foreign DNA inserted into a living 
microorganism (e.g., E. coli, CHO) 

that can then produce the 
specific protein/mAb

Recombinant protein/mAb
isolated, purified, formulated 

for human administration
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1982 1st recombinant protein

TODAY
 Over 100 recombinant protein approved medicines

 Enbrel (recombinant etanercept fusion protein)      
3rd best selling medicine in the world

Global human insulin market in 2018:    > $30 billion

WAVE 1
Recombinant proteins
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Recombinant proteins also used as 
vaccines and human plasma-derived proteins

Factor VIII
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WAVE 2
Monoclonal antibodies

The recombinant protein is a 
‘clonal’ immunoglobulin 

that binds to a specific site 
to either block or initiate 

a cellular interaction 
to treat medical symptoms



1986   1st monoclonal antibody
(murine)

TODAY
 Murine  → chimeric (part murine/part human) → fully human
 Over 100 monoclonal antibody approved medicines 
 Humira (adalimumab) 

1st best selling drug in the world  (> $16 billion)

20

1997 1st commercially successful 
monoclonal antibody (chimeric)
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Antibody Drug Conjugates (ADCs)

Kadcyla
(Genentech)

Bispecific Antibodies 
Blincyto
(Amgen)

Binds 
to CD19

Binds 
to CD3
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Caution: ‘Biopharmaceutical’ term misused today!

current definition: ‘bio-health medicine’ 

Most likely your company has the word 
“biopharmaceutical” on its website!

The term ‘biopharmaceutical’ has been applied to many  
chemically-synthesized drug products: antisense DNA, 

interference RNA, Hepatitis C medicines and HIV antivirals
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Regulatory Authorities do not use 
the term ‘biopharmaceutical’

Not to be confused with ‘biopharmaceutics’ 
(the study of drug properties related to patient administration)

 Biotech drug product
 Biotechnology-derived drug
 rDNA drug product
 Recombinant DNA-derived drug
 Biotherapeutic protein
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WAVE 3
Biosimilars

loss of marketing 
exclusivity and  
patent coverage

Commercial 
innovator

biopharmaceutical 
manufacturer

Currently, due to scientific limitations, 
regulatory authorities are limiting biosimilars to

recombinant proteins and monoclonal antibodies

Commercial 
many other 
biosimilar 

manufacturers
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Biosimilars in Europe since 2006; in USA since 2015

Biosimilars to 
Recombinant Proteins

Erythropoietin (EPO)
G-Colony Stimulating Factor (G-CSF)

TNF-α/Fc Fusion Protein (Enbrel)
Pegylated-G-CSF (Neulasta)

Human Insulin (HI)*
Human Growth Hormone (HGH)*

Follicle Stimulating Hormone (FSH)*
Parathyroid Hormone (PTH)*

Biosimilars to 
Monoclonal Antibodies

Infliximab (Remicade)
Adalimumab (Humira)

Rituximab (Rituxin/MabThera)
Trastuzumab (Herceptin)
Bevacizumab (Avastin)

* Follow-on proteins in USA

Must be ‘highly similar’ to innovator’s biopharmaceutical
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Transfer of new genetic capability into or
manipulation of existing genetic capability in

living human cells

(ongoing debate about the amplitude of this upcoming 4th wave)

WAVE 4

Patient’s human cells produce 
the desired gene product – ‘cure’
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FDA Press Release January 15, 2019 –
Statement from FDA Commissioner Scott Gottlieb, M.D. 

and Peter Marks, M.D., Ph.D., Director of CBER

We anticipate that by 2020 we will be 
receiving more than 200 INDs per year, 

building upon our total of more than 800 
active cell-based or directly administered 

gene therapy INDs currently on file with the 
FDA.  And by 2025, we predict that the FDA 

will be approving 10 to 20 cell and gene 
therapy products a year based on an 

assessment of the current pipeline and 
clinical success rates of these products.

Amplitude opinion by the 
Regulatory Authorities

FDA

EMA
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European Medicines Agency 
(EMA)

Advanced Therapy 
Medicinal Products 

(ATMPs)
− Gene Therapy
− Somatic Cell Therapy
− Tissue Engineered 

US Food and Drug Administration 
(FDA)

Cellular and Gene 
Therapy Products 

(CGTPs) 
− Gene Therapy
− Cellular Therapy
− Tissue-Product 

(RMAT – Regenerative 
Medicine Advanced Therapy)

(OTAT – Office of Tissues 
and Advanced Therapies)

(CAT – Committee for 
Advanced Therapies)
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Amgen IMLYGIC     
genetically engineered HSV virus (with GM-CSF gene)

to treat melanoma    FDA/EMA approved 2015   

Oncolytic virus – in vivo
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Local 
effect

Systemic 
effect

GM-CSF
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Gene therapy – in vivo

Spark Therapeutics  LUXTERNA    
adeno-associated virus vector (with RPE65 gene)

to treat vision loss      FDA/EMA approved 2017/2018  



RPE65 gene produces a protein necessary in the cycle for vision

Direct injection of live virus into eye to replace defective gene 33
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Gene therapy – ex vivo
Novartis KYMRIAH 

Gilead/Kite YESCARTA

Autologous genetically modified (CAR – chimeric antigen receptor) 
T cells to treat acute lymphoblastic leukemia (ALL) 

FDA/EMA approved 2017/2018  
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CAR T-Cells
Chimeric Antigen 

Receptor

Genetically 
engineered virus 
to add a gene to 
the human cells
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new gene produces a 
protein that binds to 

cancer cells
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… some will start saying ‘the sky is falling’!

Whenever a new biopharmaceutical type makes it commercially …
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 Self injection of gene therapies (YouTube)

 Stem cell ‘false promises’

… your firm receives and processes adipose tissue, a structural tissue, for autologous use … 
your firm isolates cellular components from the adipose tissue, thereby processing the 
adipose tissue into Stromal Vascular Fraction (SVF). The SVF is then expanded through cell 
culture to produce your product ATCELL™.  American CryoStem then ships the autologous 
product back to physicians to treat patients for a variety of diseases or conditions by various 
routes of administration, including intravenously, intrathecally (i.e., injection or infusion into 
the central nervous system) and by aerosol inhalation
… records reveal that ATCELL™ is intended to treat a variety of diseases and conditions, 
including, but not limited to, anoxic brain injury, Parkinson’s disease, amyotrophic lateral 
sclerosis (ALS), stroke, and multiple sclerosis.

… and there always will be ‘rogue ventures’!
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… always a learning curve!

1 batch = 1 patient

vein to vein, 2-3 weeks
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Pharmaceutical
Chemical 

Drug 
Biologic/ 
Biological

BiosimilarsGenerics
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FDA CDER
FDA CBER

CMC Regulatory Compliance Terminology 
Regulatory Authority Landscape

United States European Union

IND

NDA BLA

European 
Medicines 

Agency 
(EMA)

National 
Competent 
Authority 

(NCA)

CTA 
IMPD

MAA



4242

U.S. Congress passes a law (USC)
↓ 

Executive Branch (FDA) interprets the intent of the law
↓

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

↓
FDA publishes final regulation in 

the Code of Federal Regulations (CFR)
↓

FDA publishes guidances (‘recommendations’) on its website 
explaining in greater detail how to follow their regulations

United States Pharmaceutical Laws

Food, Drug & Cosmetic (FD&C) Act
Public Health Service (PHS) Act 
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Prior to 1938       Buyer beware!

Elixir of Sulfanilamide 
107 die (mostly children) in 1937

Antibacterial syrup was formulated 
with cheaper, sweet, diethylene 

glycol (antifreeze)

No drug safety testing was required!  
Medicine was perfectly legal to sell!

Pulled off the market because of 
mislabeling (elixir requires alcohol)

http://en.wikipedia.org/wiki/Image:Snake-oil.png
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1938 Food Drug & Cosmetics (FD&C) Act

Drug defined as ‘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 + 21 CFR 211
[marketed products] 

FD&C Act:  New Drug Application (NDA) Pathway
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Chemically-Synthesized Drugs
“Classical Fermentation’ Antibiotics

Natural-Origin Chemicals

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

[recombinant human insulin; recombinant human growth hormone]

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

[recombinant glucerases; recombinant hyaluronidases]

Some BIOPHARMACEUTICALS
NDA Pathway regulated by the FD&C Act
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New Drug Application
[505(b)(1) NDA]
[innovator establishes 

statistical efficacy and safety] 

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 establishes 
comparative efficacy and safety] 

Abbreviated 
New Drug Application

[505(j) NDA]
[manufacturer shows 

bioequivalence; 
for chemical generics] 

used for biopharmaceuticals
under FD&C Act
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Lantus  NDA 505(b)(1) Originator   
Approved in 2000:  > 4000 patients
Proof of clinical efficacy and safety

Case Example:  Recombinant Insulin Glargine

Basaglar NDA 505(b)(2) ‘Follow-On Protein’ 
Approved in 2015:  535 patients

Comparative clinical efficacy and safety
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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 211
[marketed products] 

Note: same clinical development as FD&C Act!

1944 Public Health Service (PHS) Act 

Biological product defined as ‘a virus, therapeutic serum, 
toxin, antitoxin or analogous product or asphenamine’

Added in 1970:  ‘vaccine, blood, blood component or 
derivative, allergenic products’
Added in 2009: ‘protein (except any chemically 
synthesized polypeptide)’ 
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Most BIOPHARMACEUTICALS
BLA Pathway regulated by the PHS Act

Viruses
Therapeutic Serums

Toxins/Antitoxins
Vaccines

Blood/Plasma-Derived Proteins
Recombinant Proteins
Monoclonal Antibodies

+ ‘Analogous Products’  
(Gene Therapy, Cellular Therapy)
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Biologic License 
Application
[351(a) BLA]

[innovator establishes 
statistical efficacy and safety] 

Major amendment to PHS Act in 2009 allowing 
abbreviated pathway to the marketplace

(Biologics Price Competition and Innovation Act)

Biosimilar Biologic 
License Application

[351(k) BLA]
[manufacturer establishes 

comparative efficacy and safety] 
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Remicade      BLA 351(a) Originator   
Approved in 1998:  > 5000 patients
Proof of clinical efficacy and safety

Case Example:  Infliximab Monoclonal Antibody

Inflectra BLA 351(k) Biosimilar
Approved in 2016:  606 patients

Comparative clinical efficacy and safety
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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 Compliance

Does it matter which FDA law (PHS or FD&C)
regulates my biopharmaceutical?

1. extra commercial testing requirements
2. may require FDA commercial pre-release
3. different commercial regulatory compliance procedures
4. different marketing business impact
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1) 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
(content test)

STILL IN EFFECT
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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) May Require FDA Commercial Pre-Release

FD&C Act does not require this for NDA biopharmaceuticals!  
Company QA solely determines release to inventory 
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Example: FDA pre-release required for Vaccines 
illustrated by influenza vaccines Cumulative 2018-2019 Season 

56
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FDA pre-release required for Human Plasma-Derived Proteins

Fibryna – Fibrinogen (Human) (June 07, 2017) 
Please submit final container samples of the product and each kit component 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).

Albuminex – Albumin, Human-kjda (June 19, 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).

stated in FDA market approval letter

Vaccine and human plasma-derived protein manufacturers can request a 
waiver after a ‘significant’ period of time and/or number of batches
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FDA pre-release automatic waiver for 
Recombinant Proteins & Monoclonal Antibodies

granted in 1995

58

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.

stated in FDA market approval letter
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FDA pre-release required for 
Genetic Engineered Viruses

stated in FDA market approval letter
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FDA pre-release waivers for 
Genetic Engineered Cells

stated in FDA market approval letter
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3)  Different Commercial Regulatory 
Compliance Procedures

FD&C Act

Field Alert Report 
(FAR)

FDA Form 3331
Within 3 days of 
QA awareness

PHS Act

Biological Product 
Deviation Report 

(BPDR)
FDA Form 3486

Within 45 days of 
QA awareness

Reporting of Quality/Compliance concerns after a 
commercial batch has been released into the marketplace 
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FD&C Act

5 (7) years granted to 
innovator biologic 

manufacturer

PHS Act

12 years granted to 
innovator biologic 

manufacturer

4) Different Marketing Business Impact

“Market Exclusivity" 
the period of time during which a 

generic/biosimilar company cannot market 
the same drug product as the innovator



6363

Major change coming March 23, 2020!
(all proteins will be under requirements of the PHS Act)

FD&C Act
Biologic Hormones

Enzymes (some)

PHS Act
Biologic Hormones

Enzymes (some)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=sKpdSTV-WTyAoM&tbnid=xfZDRItzEYodSM:&ved=0CAUQjRw&url=http://omgtoptens.com/health/10-costliest-medical-drugs/&ei=pCUWUuSvIsGsiAKbyYHwBQ&bvm=bv.51156542,d.cGE&psig=AFQjCNFKB2cGgMz9BSpD2UB0thiT_VfFvg&ust=1377269515755502


March 23, 2020 regulatory challenges

 NDAs under review will be given a Complete Response Letter
 NDAs moved over do not get 12 yr BLA market exclusivity
 Must now follow PHS Act CMC requirements 64
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Center for Drug Evaluation and Research 
(CDER)

Center for Biologics Evaluation and Research 
(CBER)

Two primary FDA Centers involved with biologic products

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

FD&C Act
Natural Chemical Drugs

Synthesized Drugs 
Antibiotics

Biologic Hormones
Biologic Enzymes (some)

Follow-on Proteins

CBER

PHS Act
Recombinant Proteins
Monoclonal Antibodies

Vaccines
Plasma-Derived Proteins
Gene Therapy Medicines

Analogous Products

Prior to June 2003
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CDER

FD&C Act
Natural Chemical Drugs

Synthesized Drugs
Antibiotics

Biologic Hormones
Biologic Enzymes (some)

Follow-on Proteins

After June 2003

PHS Act
Recombinant Proteins
Monoclonal Antibodies

(Biosimilars)

CBER

PHS Act
Vaccines 

Plasma-Derived Proteins
Gene Therapy Medicines

Analogous Products

Why did this change make sense?
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Center for Devices and Radiological Health

A 3rd FDA Center now frequently 
involved with biopharmaceutical products

(typically a secondary consult for CDER/CBER)
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Are you confused yet?
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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
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Country-by-country Clinical Trial Authorization (CTA) of 
the Investigational Medicinal Product Dossier (IMPD)

28 Member States – each with a CMC opinion

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 2020?
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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
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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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Myanmar

Haiti

Other pharmaceutical regulation landscapes around the world!
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Biopharmaceuticals are NOT like Chemical Drugs

Regulatory Authorities know this very well!

Unlike conventional medicinal products, which are manufactured using 
chemical and physical techniques capable of a high degree of consistency,

the manufacture of biological medicinal substances and products
involves biological processes and materials, such as cultivation of 

cells or extraction of material from living organisms. 
These biological processes may display inherent variability, 
so that the range and nature of by-products may be variable. 

EU GMP Annex 2 Biological Manufacturing 2018

ICH has 2 separate guidelines – one for chemical drugs, one for biopharmaceuticals
Specifications: ICH 6A                             ICH 6B
Stability:                                       ICH Q1A                          ICH Q5C
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Biopharmaceuticals differ from chemical drugs in 
4 major CMC regulatory compliance areas:

1) Synthesis of the product
2) Impact of manufacturing process on the product
3) Complexity of the product produced
4) No bio-generics
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Chemical Drug Biopharmaceutical
Product synthesized

from non-living
chemical reagents 

Produced under typically 
harsh conditions 

(e.g., organic solvents, 
high temp, high pressure)

Product synthesized 
by a living organism 

(or the product can be the genetically 
engineered living organism itself)

Produced under mild, 
aqueous, tropical conditions

Biopharmaceuticals Differ From Chemical Drugs 
in 4 Major CMC Regulatory Compliance Areas

1 of 4:  Synthesis of the product



Challenge of use of living organisms
Must be kept ‘Alive’!  Around the clock – 24/7

78

− For as long as needed (‘life clock’ can’t be stopped)
− Dead organisms do not produce biopharmaceuticals

Living systems 
‘hibernate’ under 

liquid nitrogen 
temperature 

(-196oC)

but apoptosis
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Challenge of use of living organisms
Must be kept ‘Happy’!

Control of the living system process is critical for production of the 
biopharmaceutical – process engineers earn their salary!

hardy 
bacterial cells 

vs 
fragile 

mammalian cells

nutrients
waste products

CO2 O2
levels

rapidly growing 
bacterial cells 

vs 
slow growing 

mammalian cells



Challenge of use of living organisms
Must be kept ‘Healthy’!

80

Virus

Bacteria/Fungi

Mycoplasma

It’s a nasty world facing the living system – ‘adventitious agents’  

Mouse Minute Virus (MMV)
Vesivirus
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Seed Train 
Multiple Passages in

Selective Medium 

Inoculum Train
Multiple Passages in 

Non-Selective Medium

Production

Culture Expansion
Product Expression 

and Harvest

MCB/
WCB

Increasing proliferation →

Once an adventitious agent contaminates a cell culture …
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Chemical Drug Biopharmaceutical
Product can be independent of 

the manufacturing process 

(basis for generic 
chemical drug industry)

Product is not independent 
of the manufacturing process

(Past: ‘process is the product’, 
Present: ‘the process may or 
may not impact the product’)

Biopharmaceuticals Differ From Chemical Drugs 
in 4 Major CMC Regulatory Compliance Areas

2 of 4:  Impact of the manufacturing process on product
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Biosimilar manufacturers are keenly aware of possible differences!

FDA Guidance for Industry: Quality Considerations in Demonstrating Biosimilarity
of a Therapeutic Protein Product to a Reference Product  (April 2015)

Manufacturing process can impact the produced biopharmaceutical
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Gene therapy manufacturers are keenly aware of possible differences!

Manufacturing process can impact the produced biopharmaceutical
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Chemical Drug Biopharmaceutical
Chemical products can be 

simple or a bit complex

may have a few
molecular species present

(typically stereoisomers, 
functional group changes)

Biopharmaceuticals are by 
their nature very complex 

will have numerous
molecular species present 

(e.g., molecular variants, 
higher order structures, etc.)

85

Biopharmaceuticals Differ From Chemical Drugs 
in 4 Major CMC Regulatory Compliance Areas
3 of 4:  Complexity of the product produced
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Typical perception of size of a chemical drug vs a biopharmaceutical

86



But chemical drugs can also be somewhat large!

8787

siRNA  chemical drug

MW 14,300 
daltons

si – small, interfering (for gene silencing)
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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

But chemical drugs are neither as large nor as complex
as recombinant proteins or monoclonal antibodies!
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Analytical methods improving!
(How many mAb molecular variants 

can be seen today?)

Full-scale Expanded-scale

CEX-HPLC

89
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Further increasing in size and complexity 
mAb ( ~10 nm)  →  genetically engineered living virus ( ~25 nm)

Genetically engineered 
viruses are living!

replacement gene
lipoprotein lipase deficiency

90

protein shell
VP1, VP2, VP3
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A cell has over 
18,000 proteins –

unknown how 
they interact with 

each other

Hugh increase in size and complexity 
mAb ( ~10 nm)  →  g.e. living virus ( ~25 nm) → g.e. living cell ( ~10 μm)

Genetically engineered 
cells are living!
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Chemical Drug Biopharmaceutical
Generic

Exact structure 
between generic and 

innovator chemical drug

CMC standard is ‘equivalent’

Biosimilar

Extensive CMC comparability 
between biosimilar and 

innovator biopharmaceutical

CMC standard is ‘highly similar’

92

Biopharmaceuticals Differ From Chemical Drugs 
in 4 Major CMC Regulatory Compliance Areas

4 of 4:  No bio-generics
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EMA/EC What I Need to Know About Biosimilar Medicines – Information for Patients (2017)

Are biosimilar medicines generic medicines of biological medicines?
Biosimilar medicines are not the same as generic medicines 

(a medicine which contains exactly the same molecule as an existing 
non-biological medicine, such as aspirin). This is because unlike 

nonbiological medicines, biological medicines cannot be exactly copied.
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Full CMC 
facility, process, 
product, control

Full CMC 
facility, process, 
product, control

Full CMC 
facility, process, 
product, control

Comprehensive 
comparative 

CMC

Innovator 
Chemical Drug 

or Biologic

Chemical Generic Biosimilar 

CMC Requirements
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Step 3

Step 2

Step 1

For Biosimilars, if Step 1 comparability is not achieved, do not go to Step 2 or 3!
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Full Animal 
Nonclinical

Pharmacology
Pharmacokinetics

Toxicology Comparative 
Nonclinical (PK)

Innovator 
Chemical Drug 

or Biologic

Chemical Generic Biosimilar 

Nonclinical Requirements
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Full Human Clinical
Pharmaceutics
Pharmacology
Human Safety

Statistical Confirmation 
of Human Efficacy 

Proof of Medical Benefit

Safety 
(Phase 1)

Innovator 
Chemical Drug 

or Biologic

Chemical Generic Biosimilar 

Comparative Efficacy 
and Immunogenicity

(Phase 3)

Comparative PK

Clinical Requirements
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Herceptin 
mAb

Perjeta
mAb

Kadcyla
ADC

Roche:  ‘Biobetter’ to advance breast cancer treatment

Biopharmaceutical Generation
1st 2nd 3rd

Approved Biosimilars

Biocon/Mylan  Ogivri
Celltrion/TEVA Herzuma

Samsung     Ontruzant
Amgen         Kanjinti

Pfizer         Trazimera

FDA market exclusivity to 2024
Patent coverage

FDA market exclusivity to 2025
Patent coverage
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International Nonproprietary Name (INN)

Innovator chemical drug  →  Chemical generic

FDA and EMA
same INN
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International Nonproprietary Name (INN)
Bioqualifiers used by FDA, not EMA

Innovator biologic  →  Biosimilar
different INN bioqualifier

BI   Cyltezo
adalimumab-adbm

Amgen   Amjevita
adalimumab-atto

Sandoz   Hyrimoz
adalimumab-adaz

AbbVie  Humira 
adalimumab
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Interchangeability
(two medical treatments that are therapeutically equivalent 

can be safely exchanged in clinical practice)

FDA and EMA
Innovator chemical drug  →  Chemical generic

interchangeable and automatic substitution 
at the pharmacy level without consulting 

a physician or the customer

Innovator biologic  →  Biosimilar
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Biopharmaceuticals differ from chemical drugs in what 
4 major areas that impact CMC regulatory compliance?

1.  Use of L__________ S___________                                           

2.   Impact of the M____________   P__________

3. C_____________ of the biologic molecule

4. No B___-G______

Summary - QUICK QUIZ
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Philosophical Question
What about in vivo fetus 

genetic editing?

China (2018):  Twin girls born with 
a normal gene (CCR5) knocked out 
by CRISPR to reduce the risk to a 
disease (HIV) that neither girl had! 
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