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Course Goal

Practical Application of Risk-Based GMP & Quality Principles

to Clinical Development of Advanced Therapy Products

The Challenge for Advanced Therapy Medicines

Because of the diverse and evolving manufacturing processes 

for these living medicinal products (gene and cellular therapies),

no single set of GMP & Quality Principles will fit all!

There isn’t a simple GMP & Quality System playbook, yet!

A Solution

Focus not just on a list of what to do or what not to do,

but instead consider how to apply a risk-based, 

patient-safe approach, for the actions to be taken



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

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

“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 

▪ 45 years experience in Chemistry, Manufacturing & Control 

(CMC) strategies for the clinical development and 

commercialization of recombinant proteins, monoclonal 

antibodies; and now gene therapies and cellular therapies

▪ Senior CMC Expert and Vice President Quality in the industry     

(Cetus, Immunex, IDEC Pharm) 

▪ Past Chair PDA Biopharmaceutical Advisory Board

▪ 20 years as an independent CMC regulatory compliance 

consultant to the biopharmaceutical industry

Manufacturing Process Development Project Management

Quality Control Analytical Development Senior Management

Quality Assurance Regulatory Affairs …
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1. Overview of the ATMP Landscape

Discussion of the increasing diversity of these advance therapy medicines; 

introduction to the regulatory authority systems in place to regulate these 

evolving manufacturing processes and products

2. Advanced Therapy Product GMP and Quality Risk Consequences

Adapting knowledge from established regulatory guidances and experiences 

(e.g., mAbs, recombinant viral vaccines); avoiding what minefields might 

occur if improperly adapted

3. Regulatory Authority Expectations During Clinical Development

Understanding the regulatory guidances for ATMPs that currently exist; why 

those guidances stress the necessity of a risk-based control approach to GMPs 

and Quality Principles during clinical development

4. Industry Practice in Applying the Risk-Based Principles to ATMPs

Applied risk-based strategy across the entire manufacturing process from 

starting materials → production → purification → bulk drug substance → 

formulation → drug product → administered drug

Course Outline

(Continuous presentation over the 6 hours of instruction) (Please ask your questions)

Practical Application of Risk-Based GMP & Quality Principles

to Clinical Development of Advanced Therapy Products
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Course Outline

1. Overview of the ATMP Landscape

• Discussion of the increasing diversity of these 

advance therapy medicines

• Introduction to the regulatory authority systems 

in place to regulate these evolving manufacturing 

processes and products

Practical Application of Risk-Based GMP & Quality Principles

to Clinical Development of Advanced Therapy Products
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Production in a BIOREACTOR → recombinant protein/mAb

Administration of recombinant protein/mAb

to patients to treat the medical problem/disease

Central Dogma of Molecular Biology

Gene inserted into a living microorganism 

(e.g., E. coli, CHO, Sf9, HEK293)

Harvest, purify, 

formulate, fill

The Majority of Biologic Medicinal Medicines TODAY

Recombinant DNA-Derived Proteins and Monoclonal Antibodies (300+)

Recombinant cell line 

having genetic capability 

for producing protein
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The patient produces the desired gene product (protein), 

in situ to fix a faulty human gene(s) or add a new gene(s)

DNA inserted into a 

living virus (e.g. AAV)

The Majority of Biologic Medicinal Medicines IN THE FUTURE

Gene Therapy  + …

Production in the PATIENT → gene product (protein) 

Central Dogma of Molecular Biology

Injection of nucleic acid directly into the patient 

RNA encapsulated into 

lipid nanoparticles (LNPs)

In Vivo

Gene Therapy
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The Majority of Biologic Medicinal Medicines IN THE FUTURE

… +  Cellular Therapy (manipulated cells) & Tissue-Engineered Products 

Patient (Autologous)/

Donor (Allogeneic)

Cells or Tissue

Significant manipulation 

of cells or tissues

Gene inserted into cells

(e.g., lentivirus, 

electroporation)

Ex Vivo

Gene Therapy

Cellular Therapy

Tissue-Engineered Product

Administration of 

cells to patient(s) to 

treat the medical 

problem/disease

Patient (Autologous)/

Donor (Allogeneic)

Cells

Administration of 

cells or tissue to 

patient(s) to treat the 

medical problem/disease
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Imlygic

Yescarta

Zolgensma

Luxturna

Kymriah

Breyanzi

Abecma

Tecartus

Carvykti Zynteglo  Skysona Strimvelis Libmeldy
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Advanced Therapies are …
3 groups

EU ATMPs

Gene Therapy

Somatic Cell Therapy

Tissue-Engineered Product

USA CGTPs

Gene Therapy

Cellular Therapy

Tissue-Engineered Product

Advanced Therapy Medicinal Products (ATMPs) = Cell & Gene Therapy Products (CGTPs) 

= Advanced Therapy Medicines
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FDA:  Regenerative Medicine Advanced Therapy (RMAT)

“cell therapies, therapeutic tissue engineering products, human cell and tissue 

products, and combination products using any such therapies or products”
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Advanced therapies are … Gene Therapy

(a) contains an active substance which contains or consists of a recombinant 

nucleic acid used in or administered to human beings with a view to 

REGULATING, REPAIRING, ADDING or DELETING a genetic sequence; 

PLUS

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

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

expression of this sequence 

Gene therapies work by inserting recombinant nucleic acids into human cells:

Replacing a malfunctioning gene with a working copy of the gene (gene restoration)

Addition of a new gene (gene addition)

Editing a gene that is not functioning properly (gene disabling)
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Cells transduced via Viral Vectors
(AAV or LV containing gene)

Cells transfected via LNPs
(lipid nanoparticles encapsulating gene)

Gene Therapy – the insertion of DNA/RNA into human cells

(two common insertion approaches)



Gene Therapy (IN VIVO) – slowly starting to hit the market …
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2019 → market approved

• Zolgensma (SPINAL MUSCULAR ATROPHY  - rAAV intraveneous FDA/EMA (2019/2020)

– Survival motor neuron protein (SMN1) → GENE RESTORATION)

Pre-2019 market approved

• Glybera (VISION – rAAV intramuscular       EMA (2012)

– lipoprotein lipase protein → GENE RESTORATION)                 (market withdrawn 2017)

• Imlygic (MELANOMA – rHSV-1 intralesional FDA/EMA (2015)                    

– GM-CSF protein → GENE ADDITION) 

• Luxturna (VISION – rAAV intraocular FDA/EMA (2017/2018)

– RPE-65 protein → GENE RESTORATION) 

Note, in vivo gene therapy currently relies heavily on genetically engineered 

adeno-associate virus (rAAV) to deliver genes directly into patients

rAAV does not integrate the gene (DNA) into the cell’s genome



Spark Therapeutics  LUXTERNA    

Adeno-associated virus (AAV) vector (with RPE65 gene) to restore gene

Gene Therapy Example:  Recombinant Living Virus (gene restoration)

15

Note, ~25 genes are associated with loss of 

vision; RPE65 gene is only one of them Intraocular injection
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Gene Therapy (EX VIVO) have hit the market …

HSCs – hematopoietic stem cells         CAR – chimeric antigen receptor

Name MOA Vector Cells Market Approval

Strimvelis
Gene restoration –

adenosine deaminase enzyme 
Ɣretrovirus

HSCs 

autologous
EMA (2016)

Zalmoxis
Gene addition – herpes simplex 

thymidine kinase + NGF
retrovirus

T-cells

allogeneic

EMA (2016)

withdrawn 2020

Kymriah
Gene addition –

CAR (CD19)
lentivirus

T-cells

autologous
FDA/EMA (2017/2018)

Yescarta
Gene addition –

CAR (CD19)
Ɣretrovirus

T-cells

autologous
FDA/EMA (2017/2018)

Zynteglo
Gene restoration –

β-globulin protein
lentivirus

HSCs 

autologous
EMA (2019)

Libmeldy
Gene restoration –

arylsulfatase A enzyme
lentivirus

HSCs 

autologous
EMA (2020)

Tecartus
Gene addition –

CAR (CD19)
Ɣretrovirus

T-cells

autologous
FDA/EMA (2020)

cont.
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Gene Therapy (EX VIVO) have hit the market …

Name MOA Vector Cells Market Approval

Breyanzi
Gene addition –

CAR (CD19)
lentivirus

T-cells

autologous
FDA/EMA (2021/2022)

Abecma
Gene addition –

CAR (B-cell maturation antigen) 
lentivirus

T-cells

autologous
FDA/EMA (2021)

Skysona
Gene restoration –

adrenoleukodystrophy protein
lentivirus

HSCs 

autologous
EMA (2021)

Carvykti
Gene addition –

CAR (B-cell maturation antigen) 
lentivirus

T-cells

autologous
FDA/EMA (2022)

Note, ex vivo gene therapy currently relies heavily on genetically engineered 

lentivirus (rLV) to deliver genes into patient’s cells

rLV integrates the gene (RNA) into the cell’s genome
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Gene Therapy Example:  Genetically Modified Living Cells (gene addition)
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Novartis KYMRIAH 

Kite YESCARTA   

autologous genetically 

modified T-cells  to bind to 

CD19-containing leukemia 

cells, then kill them
(CAR – chimeric antigen receptor)

Genetically engineered 

retrovirus to add a gene 

to the human T-cells

see next page
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New gene produces a 

protein that binds to CD19

19

Virus inserts new 

gene into patient’s 

T-cells

CAR that binds 

to CD19
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mRNA COVID-19 Vaccines

Adenovirus COVID-19 Vaccines

Cell bioreactor production 

of recombinant virus

(contains COVID-19 

protein DNA (gene))

Purify recombinant 

live virus
Formulate live 

recombinant virus

Johnson & Johnson     AstraZeneca/U of Oxford

Recombinant E. coli bioreactor production 

of plasmid DNA (contains COVID-19 protein 

RNA and RNA polymerase promoter)

Cell-Free Enzymatic RXN

Linearized pDNA + nucleotide 

triphosphates + RNA polymerase; 

enzymatically produce mRNA

Formulate 

mRNA LNPs

Moderna Pfizer/BioNTech

Special Note!

“GENETIC VACCINES” are not Gene Therapy Medicines
(but they follow the manufacturing and quality practices of gene therapy) 

FDA/EMA review “genetic vaccines” as vaccines, not gene therapy products
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(a) contains or consists of cells/tissues that have been subject to substantial 

manipulation so that biological characteristics, physiological functions or 

structural properties relevant for the intended clinical use have been altered, 

OR

of cells/tissues that are not intended to be used for the same essential 

function(s) in the recipient and the donor; 

PLUS

(b) CELLS – intended function is to treat, prevent or diagnose a disease via 

pharmacological, immunological or metabolic action

TISSUES – intended function is to regenerate, repair or replace a human tissue

FDA: ‘  not for homologous use’ 

‘not same surgical procedure’

FDA: ‘more than minimal manipulation’

Advanced therapies are … Cellular Therapy

EMA category includes the word ‘somatic’, which is any cell in the body other than sperm/egg

Advanced therapies are … Tissue-Engineered Products

FDAs definition of ‘more than minimal manipulation’ is poorly explained, 

but EMA’s definition of ‘substantial manipulation’ is clear
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Cellular Therapy – very slowly starting to hit the market …
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market approved

• Gintuit (ORAL WOUNDS – expanded allogeneic FDA (2012)

keratinocytes and fibroblasts on a polycarbonate sheet)

• Holoclar (CORNEAL SURFACE RESTORATION – expanded autologous EMA (2015)

corneal epithelial cells containing limbal stem cells on a fibrin sheet)

• Spherox (KNEE CARTILAGE DEFECTS – expanded autologous EMA (2017)

aggregated articular cartridge cells)

• StrataGraft (THERMAL SKIN WOUNDS – expanded allogeneic FDA (2021)

keratinocytes and fibroblasts on a polycarbonate sheet)

• Rethymic (CONGENITAL ATHYMIA – expanded allogeneic FDA (2021)

thymus tissue obtained from infant cardiac surgery, implanted 

into the quadriceps muscle for T-cell immune restoration)

market approved

• Provenge (PROSTATE CANCER – intravenous infusion                               FDA (2010)/EMA (2013)

– autologous peripheral blood cells activated with prostatic                  (EMA market withdrawn 2015)

acid phosphatase, linked to an immune cell activator rGM-CSF) 

• Laviv (SEVERE WRINKLES – Intradermal Injection                                                FDA (2011)

– skin biopsied expanded autologous skin fibroblast cells)

• Alofisel (PERIANAL FISTULAS – injection into fistula track tissue                        EMA (2017)

– liposuctioned expanded allogeneic adipose stem cells)   

Tissue-Engineered Products – slowly starting to hit the market …
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EMA approved 2017    FDA (in Phase 3 clinical)

Cellular Therapy (allogeneic)
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Regulatory Authority Landscape 

for Advanced Therapies

(EU and USA to be discussed)
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European Parliament  (only directly-elected EU body)

Final approval of pharmaceutical legislation

European Pharmaceutical Legislation

European Commission (EC) 

Proposes new pharmaceutical legislation (regulations/directives)

Implements legislation approved by the European Parliament 

Final market approval of EMA recommended medicines

European Medicines Agency (EMA) 

Scientific review/evaluation of commercial medicines

Recommends approvals of medicines to EC

Committee for Advanced Therapies (CAT)

Enforcement of GMP legislation

Issues guidelines

National Competent 

Authorities (NCAs) 

regulate clinical trials
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https://www.ema.europa.eu/en/committees/committee-advanced-therapies-cat

Committee for Advanced Therapies (CAT)

provide scientific certainty that ATMP development is on track



Pathway to Commercialization for Medicines in EU

all medicines including ATMPs
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Clinical Trial 

Application (CTA)

[human clinical studies]

Marketing Authorisation

Application (MAA)

[market approval] 

CMC format:  Investigational 

Medicinal Product Dossier 

(IMPD)

CMC format:  eCTD Module 3

NCAs regulate EMA regulates
(country-by-country review) (centralized review)

Directive 2001/20/EC

allows each country to choose 

how to implement the act

Regulation EC 726/2004

a binding legislative act; 

must be uniformly applied 

across EU

Clinical Trial Regulation (536/2014) 

in transition until 2023
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EMA 
MANDATORYBiosimilars

AIDS; cancer; 
neurodegenerative disorders; 

diabetes;  auto-immune 
disease; viral diseases; other 

immune dysfunctions

Orphan Products

Recombinant DNA; controlled 
gene expression; hybridoma
and monoclonal antibodies ATMPs

gene therapy; 
somatic cell therapy; 
engineered tissues
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EU Hospital Exemption for ATMPs

(individual patients, non-routine, limited basis, hospital setting)

Similar to FDA expanded access (‘compassion use’ ) provision, 

but in EU controlled by each country
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EU GMO Legislation for Gene Therapy

(country-by country considerations)

Manufacturing requirements and containment levels (BSL-1, BSL-2)

Environmental Risk Assessment (ERA)

[FDA categorical exclusion from Environmental Assessment 21 CFR 25.31]
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U.S. Congress 
passes/amends a pharmaceutical law

United States Pharmaceutical Legislation

FDA publishes final regulations in the 

Code of Federal Regulations (CFR) Title 21

much public debate;

but ‘after dust settles’

Executive Branch (President → HHS → FDA) 

implements the intent of a pharmaceutical law

↓
FDA proposes regulations to enforce the law

publishes their intent in the Federal Register (FR)

FDA publishes guidances

(‘recommendations’) to

explain in greater detail 

how to follow the regulations
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1944 Public Health Services (PHS) Act

[ * PHS Act is linked to FD&C Act 21 CFR 211 (cGMPs) and 21 CFR 314 (administrative procedures)]

Pathway to Commercialization for Biologicals in PHS Act

Investigational New Drug (IND) 
21 CFR 312 

[human clinical studies]

Biologic License Application (BLA)
21 CFR 600-680*

[market approval] 

Biologic License Application (BLA) Pathway

CMC format today:  eCTD Module 3 CMC format today:  eCTD Module 3

FDA regulatesFDA regulates
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• 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)’

So where do CGTPs fit?         ‘analogous products’

Analogous = comparable in certain respects

CFR changes in biological product type over time

Biological product defined by ‘specific product type’
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CMC review
cGMP PLIs & 

other inspections

Center for Devices & Radiological Health (CDRH) 
regulates devices used with biologics, including CGTPs

Center for Biologics Evaluation & Research 

(CBER)
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PHS Act:   Biologic License Application (BLA) Pathway

Three (3) Unique Requirements – Applicable to Commercial CGTPs 

1) extra test requirement to release commercial batches

2) FDA can require pre-release review of commercial batches

3) FDA can add a bioqualifier to commercial INN
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1)  Extra test requirement to release commercial batches

21 CFR 610.14 Identity.

The contents of a final container of each filling of each lot shall be tested for identity after all 

labeling operations shall have been completed. The identity test shall be specific for each 

product in a manner that will adequately identify it as the product designated on final container 

and package labels and circulars, and distinguish it from any other product being processed in 

the same laboratory. Identity may be established either through the physical or 

chemical characteristics of the product, inspection by  macroscopic or microscopic 

methods, specific cultural tests, or in vitro or in vivo immunological tests.

a physical or chemical or biological or immunological content test – after labelling!

LEGALLY REQUIRED FOR ALL BIOLOGICALS

all rproteins/mAbs/vaccines

In Vivo Gene Therapy

Ex Vivo Gene Therapy

Cellular Therapy

Tissue-Engineered Products
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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) 

Case Example

(mAb)

Note: not a FD&C Act requirement

Note: not an EMA requirement
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2) FDA can require pre-release review of commercial batches

Varies by biological product type(not a FD&C Act requirement)
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FDA pre-release of Commercial In Vivo Gene Therapy

required for all!

as stated in CBER market approval letters

(not an EMA requirement)
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FDA team internal 

discussion on 

why pre-release

In vivo gene therapy – AAV virus
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typically single patient batches

FDA pre-release of Commercial Ex Vivo Gene Therapy 

& Cellular Therapy & Tissue-Engineered Products

waived on a case-by-case basis!

as stated in CBER market approval letters
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INN – international nonproprietary name – assigned by WHO

3) FDA can add a bioqualifier to the commercial INN

each INN is a unique name assigned to an active pharmaceutical ingredient (API)

BIOLOGICAL BIOQUALIFIER – a FDA-designated suffix (4 lowercase letters)
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FDA EMA

Zolgensma (in vivo gene therapy virus)

onasemnogene abeparvovec-xioi onasemnogene abeparvovec

Abecma (ex vivo gene therapy cells)

idecabtagene vicleucel idecabtagene vicleucel

(cellular therapy)

Stratagraft (tissue-engineered product)

allogeneic cultured keratinocytes and 

dermal fibroblasts in murine collagen-dsat

not applied by EMA

not applied to chemical drugs or generics

always applied to recombinant proteins and monoclonal antibodies
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CONFUSED YET! 

ATMP

substantial 

manipulation

more than 

minimal manipulation

CGTP

CBER

OTAT

EMA

CAT

not for homologous usenot same essential function

QUESTIONS??

Directive 

Regulation
FD&C Act

PHS Act

bioqualifiers or notpre-release lot-by-lot or not

Summary of the Overview of the ATMP Landscape
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Course Outline

2. Advanced Therapy Product GMP and Quality Risk 

Consequences

• Adapting knowledge from established regulatory 

guidances and experiences (e.g., mAbs, 

recombinant viral vaccines, etc.)

• What minefields might occur if improperly adapted

Practical Application of Risk-Based GMP & Quality Principles

to Clinical Development of Advanced Therapy Products
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Patients expect their medicines to be safe and efficacious 

at time of use

Patients cannot check the 
quality of their medicines

Unsafe or poor quality 
medicines can harm patients

Patients therefore are dependent upon 

an effective GMP & Quality System! 
(facility, process, staff, product – “all doing what is right”)
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The Regulatory Authority Challenge

Trying to keep pace with the rate of changes in CGTP science and technology, to protect patients!

Autologous

Allogeneic

Stem Cells

T-Cells

CRISPR-Cas

TALEN

Transient Cell Transfection

Transient Cell Transduction

Virus Producer Cells

mRNA LNPs

Electroporation
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CMC

cGMPs
QUALITY 
SYSTEM

Practices carried out by 

Manufacturing & Quality 

to meet regulatory criteria

Regulatory authority criteria to be met by 

Manufacturing & Quality for human medicines

System that ensures regulatory 

criteria are met by practices carried 

out by Manufacturing & Quality

3 interactive components to protect patients
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CMC
Regulatory authority criteria to be met by 

Manufacturing & Quality for human medicines

ICH M4Q(R1)

Manufacturing Process Control & Product Quality

Drug Substance (DS, API) Drug Product (DP)

Manufacturer Manufacturer

Manufacturing Process Definition Manufacturing Process Definition

Manufacturing Process Control Manufacturing Process Control

Source Material Excipients

Characterization of Product Formulation

Release of DS Product Release of DP Product

Stability of DS Product Stability of DP Product

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

(increasing knowledge and understanding of the 

manufacturing process and the product over time 

while in clinical development)

Applies to all medicines seeking market approval
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• Guideline on Human Cell-Based Medicinal Products (2008)

• Guideline on Strategies to Identify and Mitigate Risks for First-in-Human and Early Clinical 

Trials with Investigational Medicinal Products (2017)

• EC Guidelines on Good Manufacturing Practice for Advanced Therapy Medicinal Products 

(2017) 

• Guideline on the Quality, Non-Clinical and Clinical Aspects of Gene Therapy Medicinal 

Products (2018)

• Q&A – Comparability Considerations for Advanced Therapy Medicinal Products (ATMP) (2019) 

• Q&A – The Use of Out-Of-Specification Batches of Authorised Cell/Tissue-based Advanced 

Therapy Medicinal Products (2019)

• Guideline on the Quality, Non-Clinical and Clinical Requirements for Investigational Advanced 

Therapy Medicinal Products in Clinical Trials (draft, 2019)

• EC Good Practice on the Assessment of GMO-related Aspects in the Context of Clinical Trials 

with Human Cells Genetically Modified by Means of Viral Vectors (2020)

• Guideline on Quality, Non-Clinical and Clinical Aspects of Medicinal Products Containing 

Genetically Modified Cells (2020)

• Draft Toolbox Guidance on Scientific Elements and Regulatory Tools to Support Quality Data 

Packages for PRIME Marketing Authorization Applications (2021)

• Q&A – Principles of GMP for the Manufacturing of Starting Materials of Biological Origin Used to 

Transfer Genetic Material for the Manufacturing of ATMPs (2021)

EMA CMC Regulatory Guidances for ATMPs

PIC/S

• Guide to Good Manufacturing Practice for Medicinal Products Annexes – Annex 2A ATMPs (2022)

(non-binding, informal co-operative arrangement between 53 Regulatory Authorities in the field of GMP)
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FDA CMC Regulatory Guidances for CGTPs

• Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry, Manufacturing, 

and Control (CMC) Information for Human Somatic Cell Therapy Investigational New Drug 

Applications (IND) (2008)

• Guidance for Industry: CGMP for Phase 1 Investigational Drugs (2008) 

• Guidance for Industry: Potency Tests for Cellular and Gene Therapy Products (2011)

• Guidance for Industry: Recommendations for Microbial Vectors Used for Gene Therapy (2016)

• Guidance for Industry: Evaluation of Devices Used with Regenerative Medicine Advanced 

Therapies (2019)

• Guidance for Industry: Testing of Retroviral Vector-Based Human Gene Therapy Products for 

Replication Competent Retrovirus During Product Manufacture and Patient Follow-up (2020)

• Guidance for Industry: Chemistry, Manufacturing & Control (CMC) Information for Human 

Gene Therapy Investigational New Drug Applications (INDs) (2020)

• Guidance for Industry: Studying Multiple Versions of a Cellular or Gene Therapy Product in an 

Early-Phase Clinical Trial (2021)

• Guidance for Industry: Interpreting Sameness of Gene Therapy Products Under the Orphan 

Drug Regulations (2021)

• Guidance for Industry: Chemistry, Manufacturing and Controls Changes to an Approved 

Application – Certain Biological Products (2021)

• Guidance for Industry (draft): Human Gene Therapy Products Incorporating Human Genome 

Editing (2022)

• Guidance for Industry (draft):  Considerations for the Development of Chimeric Antigen 

Receptor 1 (CAR) T Cell Products (2022)
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Risk-Based Approach (RBA)

RBA absolutely 
necessary

PATIENT SAFETY

RISK-BASED CMC CONSIDERATIONS

CMC Regulatory authority criteria to be met by 

Manufacturing & Quality for human medicines
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A risk-based approach (RBA) provides the necessary CMC flexibility!
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RBA key focus is 
patient safety

RBA absolutely 
necessary

PATIENT SAFETY

RISK-BASED CMC CONSIDERATIONS

Risk-Based Approach (RBA)

CMC Regulatory authority criteria to be met by 

Manufacturing & Quality for human medicines
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▪ A risk-based approach focuses CMC regulatory compliance 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 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 in early clinical study 

phases, especially when product understanding and resources may be limited 
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RBA must 
evolve/mature

RBA key focus is 
patient safety

RBA absolutely 
necessary

PATIENT SAFETY

RISK-BASED CMC CONSIDERATIONS

Risk-Based Approach (RBA)

CMC Regulatory authority criteria to be met by 

Manufacturing & Quality for human medicines
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The risk-base approach must evolve/mature!
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Risk-Based Approach to manage the 

“MINIMUM CMC regulatory compliance CONTINUUM”

“minimum” – the threshold of CMC regulatory compliance 

that must be achieved – cannot go below

“continuum” – that threshold of CMC regulatory compliance 

keeps rising as clinical development advances

‒ Early clinical stage focus → product safety for patient

‒ Later clinical stage focus → product safety for patient 

+ manufacturing process consistency to achieve 

the necessary quality biologic product 
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APPLIED across the pharmaceutical industry

2016

‘minimum CMC regulatory compliance continuum’
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ACKNOWLEDGED by regulatory authorities for CGTPs

‘minimum CMC regulatory compliance continuum’
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IND/IMPD 

CMC Section
FDA GTs EMA ATMPs

S.2.2

P.3.3

Description of 

Manufacturing 

Process

We acknowledge that information 

on process controls may be 

limited early in development

and recommend that sponsors 

provide additional information 

and updates as product 

development proceeds. 

During development, as process 

knowledge is gained, further details 

of in-process testing should be 

provided and acceptance criteria 

reviewed. As development proceeds, 

manufacturing consistency needs to 

be demonstrated. 

S.2.4

P.3.4

Control of 

Critical Steps

The Agency acknowledges that 

this information may be limited in 

the early phases of development 

and recommends that sponsors 

provide additional information 

and updates as product 

development proceeds. 

Critical steps in the manufacturing 

process should be identified as 

appropriate for the stage of 

development and all available data 

and acceptance criteria should be 

provided. It is acknowledged that 

due to limited data at an early stage 

of development complete 

information may not be available. 

S.2.5

P.3.5

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. 

Process characterisation/evaluation 

data should be collected 

throughout the development. 

‘minimum CMC regulatory compliance continuum’       acknowledged by regulatory authorities
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IND/IMPD 

CMC Section
FDA GTs EMA ATMPs

S.4.1

P.5.1
Specification

For products in the early stages 

of clinical development, 

very few specifications are 

finalized, and some tests 

may still be under development. 

During early phases of clinical 

development specification can 

include wider acceptance criteria 

based on the current knowledge of 

the risks. As the acceptance criteria 

are normally based on a limited 

number of development batches and 

batches used in non-clinical and 

clinical studies, they are by their 

nature preliminary and need 

to be subject to review 

during development. 

S.4.3

P.5.3

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. 

Validation of analytical procedures 

during clinical development is an

evolving process. An appropriate 

degree of method qualification 

should be applied at each stage 

to demonstrate the methods 

are suitable for their intended use 

at that time. 

‘minimum CMC regulatory compliance continuum’       acknowledged by regulatory authorities
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IND/IMPD 

CMC Section
FDA GTs EMA ATMPs

S.4.5

P.5.6

Justification of 

Specification

We recognize that acceptance 

criteria may be adjusted 

throughout the product 

development stages, based on 

both manufacturing and clinical 

experience. For early stage 

clinical studies, assays used to 

characterize production lots may 

be more variable than those used 

in later phase investigations. 

It is acknowledged that during early 

clinical development when there is 

only limited experience, the 

acceptance criteria may be wide. 

Further refinement is expected as 

knowledge increases and data 

become available. 

P.2
Pharmaceutical 

Development

The Agency acknowledges that 

this information may be limited in 

the early phases of development 

and recommends that sponsors 

provide additional information 

and updates as product 

development proceeds.

For early development there may 

be only limited information to 

include in this section. 

S.7

P.8
Stability

Please note that stability 

studies may evolve with 

product development, …

The increase of available data 

and improved knowledge about 

the stability of the active substance 

will need to be demonstrated 

during the different phases 

of clinical development. 

‘minimum CMC regulatory compliance continuum’       acknowledged by regulatory authorities
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FDA on ‘Minimum CMC Regulatory Compliance Continuum’

CAR T-Cell Manufacturing 
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Lessons Learned from Across the Biological Industry

‘Be careful of 

the minefields’

‘Don’t throw the 

baby out with 

the bath water’

CMC Does Not Apply Equally

across the different biological product types!
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Development

Genetics

Starting 

Material

Cell 

Expansion

Development 

Genetics

Starting 

Material

Cell 

Expansion

Recombinant 

Proteins/mAbs

Gene & Cellular 

Therapy

Many CMC regulatory compliance similarities

across the biological industry …

Genetic engineering of genes 

Cell bank preparation and maintenance 

adherent/suspension cells

DS → DP DS → DPFormulation; filling into container closure
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For Chemical Drugs  

the synthesized chemical drug can be uncoupled from the manufacturing process 
(i.e., different pathways to a chemical generic provided quality is maintained)

large manufactured batch sizes – many patients

For Recombinant Proteins/mAbs

the biosynthesized biologic can be slightly uncoupled from the manufacturing process 
(i.e., slightly different pathways to a biosimilar provided quality is highly similar)

large manufactured batch sizes – many patients

For CGTPs 

the biosynthesized biologic is linked to the manufacturing process
(i.e., the process controls the quality of the biologic product)

small manufactured batch sizes – many times patient-specific

… but, extra CMC regulatory compliance challenges for ATMPs  

“The Process is the Product”
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Tread carefully if you have not operated in the ATMP/CGTP CMC arena before!

Danger of ‘Unknown Unknowns’ – “Surprises” – Murphy’s Law

QUESTIONS??

water resistant vs waterproof
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Course Outline

3. Regulatory Authority Expectations During 

Clinical Development

• Understanding the regulatory guidance for 

ATMPs that currently exist

• Why those guidances stress the necessity of 

a risk-based control approach to GMPs and 

Quality Principles during clinical development 

Practical Application of Risk-Based GMP & Quality Principles

to Clinical Development of Advanced Therapy Products
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Lessons Learned from Across the Biological Industry

‘Be careful of 

the minefields’

‘Don’t throw the 

baby out with 

the bath water’

cGMP and Quality System Applies Equally

across the different biological product types!

Quality Unit Oversight; auditing, deviation handling, CAPA,

documentation (SOPs, PBRs, QC records); training
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cGMPs and Quality System must be in place from FIH!

cGMPs
QUALITY 
SYSTEM



7474

• Facility 

• Process Equipment

• Aseptic Processing

• Process Design → Process Validation

• Quality Unit

• Training

… and, cGMPs and Quality System must increase in 

‘adequate and appropriate control’ over clinical development!

risk-based

continuum of 

increased control 

cGMPs
QUALITY 
SYSTEM

“investigational ATMPs” used over 50 times
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Guidance
Level of GMP Manufacturing Process Control & 

Maturity of the Quality System for INVESTIGATIONAL ATMPs

2.12

Why flexibility 

is needed for 

GMPs

It follows that, in laying down the GMP requirements applicable to 

ATMPs, it is necessary to recognise a certain level of flexibility …. 

This is particularly important in the case of investigational ATMPs, 

especially in early phases of clinical trials (phase I and phase I/II), due to 

the often incomplete knowledge about the product (e.g. potency) as well 

as the evolving nature of the routines (in order to adjust the 

manufacturing process to the increased knowledge of the product).

2.20
Why GMPs are 

Necessary

The application of GMP to investigational ATMPs is intended 

to protect the clinical trial subjects and it is also important for the 

reliability of the results of the clinical trial …

2.21

2.22
Quality System

It is important to ensure that data obtained from the early phases of a 

clinical trial can be used in subsequent phases of development. 

Therefore, a functional quality system should be in place for the 

manufacturing of investigational ATMPs. The quality and safety of the 

product needs to be ensured from the first stages of development.

Nevertheless, it is acknowledged that there is a gradual increase in the 

knowledge of the product and that the level of effort in the design and 

implementation of the strategy to ensure quality will step up gradually. 

2.51

Facilities & 

Equipment 

Control

In early phases of clinical research (clinical trial phases I and I/II) 

when the manufacturing activity is very low, calibration, maintenance 

activities, inspection or checking of facilities and equipment 

should be performed at appropriate intervals, which may be based 

on a risk-analysis. The suitability for use of all equipment 

should be verified before it is used.

cGMPs
QUALITY 
SYSTEM

risk-based acknowledged by regulatory authorities
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Guidance
Level of cGMP Manufacturing Process Control & 

Maturity of the Quality System for INVESTIGATIONAL ATMPs

2.52 Documentation

The level of formality and detail for the documentation can be 

adapted to the stage of development. The traceability 

requirements should however be implemented in full.

6.32
Retention of 

Documents

For investigational medicinal products, the batch documentation must be 

kept for at least five years after the completion or formal discontinuation 

of the last clinical trial in which the batch was used.

9.11

Controls for 

Manufacturing 

Process

In case of investigational ATMPs, the knowledge and understanding of 

the product may be limited, particularly for early phases of clinical trials 

(phase I and I/II). It is therefore acknowledged that the manufacturing 

process (including quality controls) may need to be adapted as the 

knowledge of the process increases. In the early phases of development, 

it is critical to carefully control and document the manufacturing process. 

It is expected that the manufacturing process and quality controls 

become more refined as development progresses.

10.14
Air Quality 

System

For investigational ATMPs, it is expected that at least the suitability of the 

air quality system (in accordance with ISO 14644-1 and ISO 14664-2) and 

the suitability of the premises to adequately control the risk of microbial 

and nonviable particle contamination is verified. 

10.35
Cleaning 

Validation

For investigational ATMPs, cleaning verification is acceptable. In such 

cases, there should be sufficient data from the verification to support a 

conclusion that the equipment is clean and available for further use.

cGMPs
QUALITY 
SYSTEM

risk-based acknowledged by regulatory authorities
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BASIC GMPs for ‘FIT-FOR-USE’ Manufacturing Facility

• Designed to permit production in a logical order 

corresponding to the sequence of the operations 

• Cleaning, maintenance and repair programs

• Lighting, temperature, humidity, ventilation controls

• Room cleanliness classification

• Environmental monitoring (air pressure differentials; 

viable/non-viable air; viable surface/personnel, etc.)

• Pest control

• Prevention of entry of unauthorized personnel

• Restrictions on what operations are allowed in facility

Nov 2021
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BASIC GMPs for ‘FIT-FOR-USE’ Manufacturing Process Equipment

• Arranged to permit production in a logical order corresponding to the 

sequence of the operations 

• Non-reactive product-contact surfaces

• Identified to prevent mix-ups

• Integrity of equipment components (during the defined operating process)

• Qualification of relevant equipment (DQ, IQ, OQ, PQ)

• Adequate maintenance (e.g., calibrated, cleaned, inspected, repaired, 

storage, movement in facility, etc.)

• Defective equipment labelled as such or removed
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Aseptic Processing Simulation Mandatory

FIH and through all clinical development – proper training & confirmation
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PDA on Aseptic Process Simulations:  TR 22 (2011); TR 62 (2013); PTC (2016) 
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Process Equipment of the FUTURE

for Gene Therapy Cell and Cellular Therapy Processes

Lonza video

Manufacturing Major Desires

• More closed operational steps – less open transfer steps

• Increased automation – less manual human manipulations

• Parallel manufacturing in same room – Point of Care (POC)

the future
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LONZA – COCOON  4 min
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Independence of Quality Unit from Manufacturing

GMP ‘checks and balances’
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Trained personnel a necessity! 

3 training ‘Rights’ for GMP personnel

doing the right thing, in the right way, at the right time
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4 areas

1

2

3

4
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https://www.pwc.com/us/en/industries/health-industries/assets/pwc-

health-research-institute-beyond-the-hype-gene-therapy-report.pdf

The challenge of finding experienced personnel!  

On-the-Job training becomes critical!

Lonza ~100 positions 

advertised (March 2022)

https://www.pwc.com/us/en/industries/health-industries/assets/pwc-health-research-institute-beyond-the-hype-gene-therapy-report.pdf
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ERA The Netherlands B.V.

Manufacturer for cellular therapy – MAA filed

GMP non-compliance – suspension of manufacturing

Take CMC, cGMP and Quality Systems seriously!

Patients must always be protected

Emergent BioSolutions

BDS manufacturer for genetically engineered viruses for COVID vaccine

GMP non-compliance – suspension of multiproduct facility manufacturing
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June 2020 filed MAA for Cellular Therapy 

triggering inspection Feb 2021

eudragmdp.ema.europa.eu/inspections

/gmpc/searchGMPNonCompliance.doGLIOVAC

Gliovac – cancer cells and other 

tumoral components freshly 

collected from the patient(s) tissue)

(still on suspension Jan 2022)
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FDA Feb 2021 – GMP flags – many new hires, 

changing procedures, not following GMPs

How bad can it get … 
J&J – human adenovirus

AZ – chimpanzee adenovirusEmergent BioSolutions
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ICH Q8(R2)   Quality by Design                (QbD)   2006

How important are the Process Development and Analytical Development groups in 

the development of the nucleic acid-based pharmaceuticals?

Cell line development → transgene selection/modification

Cell culture optimization → transfection/transduction of transgene

Process purification design → residual process impurity reduction

Characterization of the transduced patient’s cells →  functionality/therapeutic activity

Does Development fully understand that what they do impacts successful 

entry into clinical development and/or successful market approval?

Risk-Based Approach Applied by the Industry: ICH

not mandatory, but highly recommended (‘expected’) – including ATMPs!
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ICH Q9 Quality Risk Management       (QRM)   2006

mitigation/control of risks that could impact the development of the CGTP

QRM

project management tools

QRM

statistical analysis tools 

Risk Ranking and Filtering (RRF)

Failure Mode Effects Analysis (FMEA)

Preliminary Hazard Analysis (PHA)

Control Charts (Shewhart)

Process Capability Analysis (Cpk)

Design of Experiments (DOE)

ICH Q9 (R1) at step 2 (2022)
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QbD, QRM – not mandatory, but expected! 

proven invaluable across the entire biological manufacturing field

Quality by Design (QbD) elements

Quality Risk 

Management 

(QRM) tools for 

prioritization
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Target Product Profile (TPP) – the company’s strategic vision

of its future commercial drug product 

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

The QTPP is the target to be shared across all team disciplines

(Development, QC, QA, Manufacturing, RA)

(direction on what needs to be done to 

achieve the TPP for the company)

(changeable by executive management) 
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QbD/QRM - the language of communicating with regulatory authorities 

during clinical development

CQA

CPP

CQA
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Lentiviral Vector (LVV Starting Material)

Transduced Cells 

QbD/QRM - the language of communicating with regulatory authorities 

for market approval (ex vivo gene therapy) 

CQA

CPP

CS

CQA

CPP
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Quality Attribute (QA) – a physical, chemical, biological or 

microbiological property or characteristic of the product

ICH 

Q8(R2)

impact 

on patient safety

(changeable, not static,

as scientific understanding 

about the product increases) 

CQAs commonly have ‘specifications’ but also can be controlled through process validation
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Virus (25 nm – 100 nm)

proteins + nucleic acids

Cell (10,000-100,000 nm)

Protein (10 nm )

~20,000 genes

CQAs force the focus onto those properties or characteristics of the product 

that are most important – especially those that are related to patient safety

But what a challenge for ATMPs!
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Challenge of CQA Determination for ATMPs

more complex molecules

limited test methods (but additional QC methods upcoming) 

less and more variable batches (for setting specifications)
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Risk Ranking & Filtering (RRF):  severity x uncertainty

Failure Mode and Effects Analysis (FMEA): severity x occurrence x detection

Attribute Severity Uncertainty Result Rationale

Visual appearance

Visible Foreign 

Particles
High Medium CQA Absence of visible foreign particles is expected for all parenterals

Identity

Expression of 

Chondrogenic 

Markers

High Low CQA
Autologous chondrocyte product must contain chondrocytes, 

characterized by their expression of specific chondrogenic markers

Impurities

Residual Trypsin Low Low
Non-

CQA

Measured trypsin levels are 10x less than levels known to have a 

biological effect; as human recombinant trypsin was used,

there is no risk for an immune reaction

Residual Collagenase Low Medium
Non-

CQA

Collagenase is added to the process at levels 100x below the level 

known to have a biological effect

Dead Cells Medium Low CQA Presence of dead cells monitored through cell viability

Potency

Functional Activity High Low CQA
Lack of function will inevitably result in a lack of clinical efficacy; 

expression of specific genes measured as surrogate assay for function

Safety

Endotoxin High Low CQA
Endotoxins (mainly lipopolysaccharides) are highly pyrogenic 

substances that cause dose-dependent fever and shock

Sterility High Low CQA
Sterility is a general safety requirement for all parenteral dosage forms 

to assure that cell products are free of microbial contamination

Example of CQA determination: Cellular Therapy

PDA Technical Report 81   Cell-Based Therapy Control Strategy (2018)
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Example of CQAs for In Vivo AAV
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list dependent upon what was actually used in the manufacturing process

*

(* typically tested once at later clinical stages)
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2021

(potency)

+ Identity of Vector (HPLC/MS of Capsid) and Integrity/Identity of Transgene (DNA Sequence)

+ Pharmacopeia Requirements (Appearance; pH; Particulate Matter; Extractable Volume; etc.) 
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Process Parameter (PP) – an element of manufacturing process control

ATMP manufacturing processes have MANY PPs!

(changeable, not static,

as scientific understanding 

about the process increases) 
impact on CQAs

ICH 

Q8(R2)

which ones will be CPPs?
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←          Process Parameter (PP) Range  →

Target

Normal Operating 

Range (NOR)

[Batch Record]

Upper Validated 

Range

Lower Validated 

Range

%
 C

Q
A

 I
m

p
a
c
t

Risk level: Low

Non-CPP

Risk level: High 

CPP  
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CQA

CPP:  Parameter had no impact on CQA

Parameter had a moderate impact on CQA

Non-CPP:  Parameter had severe impact on CQA
PP

S
a
fe

ty

Id
e

n
ti

ty

D
o

s
e

P
u

ri
ty

P
o

te
n

c
y

Incubation 

time for each 

expansion

Incubation time is linked to cell yield for each expansion 

step. The longer the incubation, the higher the yield. 

However, if the incubation time exceeds a defined 

threshold, the phenotype of the cells and their 

chondrogenic potential is compromised. 

Incubation 

temperature 

for each 

expansion

Temperature significantly impacts the cell cycle. If 

temperature drops below 35 °C, cell metabolism will slow 

down and eventually “pause” at 25 °C. On the other hand, 

temperature higher than 37 °C will trigger the production of 

heat-shock proteins and, eventually, lead to cell death.

% CO2 during 

expansion 

CO2 is used in combination with bicarbonate present 

in the medium to keep the pH constant. Chondrocytes 

grow well at pH 7.4. Higher pH (7.4-7.7) leads to 

proliferation of fibroblasts, which tend to prefer slightly 

basic environments. Lower pH leads to cell death.

Example of CPP determination: Cellular Therapy

PDA Technical Report 81   Cell-Based Therapy Control Strategy (2018)
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Example of CPPs for In Vivo AAV

Non-CPP

CPP
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ICH 

Q8(R2)

The Control strategy is much more than just product release specifications!
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PDA Technical Report 81   Cell-Based Therapy Control Strategy (2018)

CPPs
Critical 

Material 

Attributes

Design of the 

Manufacturing 

Process

CQAs

(IP,R,S)

QUESTIONS??
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Course Outline

4. Industry Practice in Applying the Risk-Based 

Principles to ATMPs

• Applied risk-based strategy across the entire 

manufacturing process from starting materials → 

production → purification → bulk drug substance → 

formulation → drug product → administered drug

Practical Application of Risk-Based GMP & Quality Principles

to Clinical Development of Advanced Therapy Products
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Applied Risk-Management Across the Manufacturing Process

Starting 

Materials
Production Purification Drug 

Substance

Drug 

Product

Bulk Drug

Substance

Formulation

(Excipients)

Filling

(Container Closure)

Drug 

Product

Clinical Use 
Preparation

Patient 
Administration

Administered 

Drug Product

RAW MATERIALS
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RAW MATERIALS

Raw materials are the reagents and components that come 

in contact with the CGTP during manufacturing, 

but are not part of the final product 

(United States Pharmacopeia (USP) uses the term ‘ancillary materials’ for raw materials)

• Up-Stream Process (USP)

‒ Culture media components for cell expansion

‒ Cationic lipids for transfecting plasmids into cells

‒ Antibody-coated beads to activate T-cells

‒ Surfactant/nuclease to lyse cells for release of virus

‒ …

• Down-Stream Process (DSP)

‒ Solution and buffer components used in purification

‒ Resins in the purification columns

‒ Nanofilters

‒ …
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Major CMC Regulatory Compliance Concerns of Raw Materials

Impact from raw material batch-to-batch variation on the

the consistency of the manufactured cell and gene therapy products!

Patient safety concerns from contaminants introduced into the 

manufacturing process by the raw materials

Patient safety concerns from the raw material residuals

remaining in the final product!

Explains why raw materials for CGTPs receive so much attention from regulatory authorities



114

Considerations for suitability of a given material should focus on its identity, safety and 

functionality in respect of the intended use in the manufacturing process. 

While raw materials should be of pharmaceutical grade, it is acknowledged that, in some cases, 

only materials of research grade are available. The risks of using research grade materials 

should be understood (including the risks to the continuity of supply when larger amounts of 

product are manufactured).

EMA Raw Material Expectations and Recommendations

(during clinical development)

For all raw materials of biological origin, the information on the supplier and the respective 

stage of the manufacturing process where the material is used should be indicated and a risk 

assessment conducted. Specific guidance is provided in Ph.Eur. (5.2.12) Raw Materials for the 

Production of Cell based and Gene Therapy Medicinal Products. Summaries of adventitious 

agents safety information for biologically-sourced materials should be provided in Appendix A.2. 
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We recommend that you use FDA-licensed, approved, or cleared materials, or other clinical-

grade materials, when they are available. If the material is not FDA-licensed, approved, or cleared 

(or in the absence of recognized standards), additional information on the manufacturing 

and/or testing may be needed to evaluate the safety and quality of the material. 

You should also consider that many monoclonal antibodies and recombinant proteins (such as 

cytokines) used during the manufacture of gene therapy products may be purified by affinity 

chromatography using antibodies generated from mouse hybridomas. This may introduce the 

risk of contamination with adventitious agents from rodents, which should be controlled for by 

the supplier. 

If human albumin is used, you should use FDA-licensed products and have procedures in place 

to ensure that no recalled lots were used during manufacture or preparation of the product. 

FDA Raw Material Expectations and Recommendations

(during clinical development)

We recommend that you consider using non-animal-derived reagents if possible (e.g., serum-free 

tissue culture media and recombinant proteases). 
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Other Guidance on Assessing Raw Material Risk

European Pharmacopeia

Risk assessment: serum, recombinant proteins, 

proteins extracted from biological materials, vectors

(definition, production, identification, tests, assay)

United States Pharmacopeia

(updating under development)
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Press Releases

Nov 12, 2019: FDA partial clinical hold – “FDA requested 

additional information and technical specifications for two 

legacy reagents supplied by third parties…. The technical 

specifications and data requested by the FDA could not be 

produced by the original suppliers. The company identified 

alternative suppliers, satisfying the Agency’s request.”

Nov 09, 2020: “The company received the remaining reagent 

from the alternate supplier in Q3 2020 and is currently 

conducting the comparability analysis between the previous and 

new reagents, as required by the FDA.  Market intends to submit 

all required data to FDA by Q1 2021”

Jan 05, 2021: “FDA lifted partial clinical hold on Phase 2 AML 

clinical trial”

Cellular Therapy

Phase 2 AML trial of MT-401

(MT-401 (zelenoleucel) is 

an allogeneic multi-tumor-

associated antigen (MultiTAA)-

specific T cell product using 

donor-derived T cells 

obtained from apheresis.)

Case Example   What can happen when there is 

missing CMC documentation in a submission for a critical raw material

(30 month delay)

Treat critical raw materials seriously with advanced therapy products!

Patients must always be protected
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Applied Risk-Management Across the Manufacturing Process

Starting 

Materials
Production Purification

Drug 

Substance

Starting Materials

In Vivo Gene Therapy Ex Vivo Gene Therapy Cellular/Tissue Therapy

Cell/Seed Banks Cell/Seed Banks Patient’s Cells

Plasmids/LNPs Plasmids/LNPs

Patient’s Cells

Starting materials dependent upon type of ATMP manufacturing process 
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Starting Materials:  ‘Principles of GMP’ vs GMP



120120

TSE

Quality and patient safety risk-based concerns
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In Vivo Gene Therapy Manufacturing Processes        Starting Materials ____

Box Color:

3 plasmids 

(transient 

transfection)

White – outside GMPs Light Grey – Principles of GMP Dark Grey - GMPs

Using adeno-associated virus (AAV) vector Using lipid nanoparticles (LNPs)

MCB MCB

+ Complexing 

material

Drug 

Substance

Drug 

Substance

Drug 

Product

Drug 

Product
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Ex Vivo Gene Therapy Manufacturing Processes        Starting Materials ____

Box Color: White – outside GMPs Light Grey – Principles of GMP Dark Grey - GMPs

3 plasmids

MCB

Drug 

Substance

Drug 

Product
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Regulatory Compliance Expectations 

• All starting materials used for manufacture of the active substance should be listed and 

information on the source, quality and control of these materials must be provided. 

• The establishment of bacterial/cell/virus seed or bank(s) is expected for starting 

materials which are bankable. The source and history of the cells or bacterial or virus 

seeds used for generation of the respective banks should be described and genetic 

stability of the parent material demonstrated. 

• All starting materials, including master and working cell banks and viral seeds should be 

appropriately characterised and monitored (e.g. according to the concepts outlined in 

ICH guideline Q5D). 

• Where applicable, genetic stability of the starting materials should be demonstrated at 

the beginning and the end of the culturing process. 
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Regulatory Compliance Expectations 

Ex Vivo
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CASE EXAMPLE:  Level of Plasmid Detail for the viral vector used in Ex Vivo Gene Therapy
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Regulatory Compliance Expectations 

The Patient’s Cells for Ex Vivo Gene Therapy



128



129

Regulatory Compliance Expectations 

The Patient’s Cells for Cellular Therapy
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Applied Risk-Management Across the Manufacturing Process

Starting 

Materials
Production Purification Drug 

Substance

Regulatory Compliance Control Strategy 

dependent upon type of CGTP Manufacturing Process

• In Vivo Gene Therapy using rAAV

• Ex Vivo Gene Therapy using rLV

• Cellular Therapy
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Host Cell WCB
HEK293 Thaw 

Cell Transfection
(Plasmid Transfection)

Virus Propagation

Host Cell 

Expansion

suspension cell culture
(common for protein production)

adherent cell culture
(common for virus production)

Commonality of Upstream Manufacturing Processes

Recombinant 

Protein/mAb

Recombinant WCB
Thaw 

Protein Induction
(Temperature Shift)

Protein Expression

Recombinant Cell 

Expansion

Gene Therapy  

Recombinant Virus

In Vivo Gene Therapy using rAAV
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Critical Drug Substance Upstream Manufacturing Process Step (USP)

Transient Plasmid Transfection

PLASMID DNA

(Gene of Interest (GOI))

PLASMID DNA

(Helper Genes)

PLASMID DNA 

(REP/CAP)

Transfection CPPs

• transfection reagent

• transfection media

• plasmid/cell ratio

• plasmid/transfection reagent ratio

• plasmid ratios (for the 3 plasmids)

Host Cell WCB
(HEK293 Thaw) 

CELL TRANSFECTION

AAV Propagation 

in Cells
(until day of harvest)

Host Cell 

Expansion

[other vendors also provide free guides] 

adequate cell density 

on day of transfection

controlled culture conditions 

to maximize manufacture of 

AAV full viral capsids

incorporation of all 3

plasmids necessary for 

propagation of the virus
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Commonality of Downstream Manufacturing Processes

Recombinant 

Protein/mAb

Release/Clarification
(Removal of Cells/Debris)

TFF
(buffer exchange, 

concentration)

API
(Purified Protein)

Multiple Purification 

Process Steps

Gene Therapy  

Recombinant Virus

Release/Clarification
(Removal of Cells/Debris)

TFF
(buffer exchange, 

concentration)

API
(Purified Virus)

Multiple Purification 

Process Steps

0.2µ Bioburden Filtration 0.2µ Sterile Filtration
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Critical Drug Substance Downstream Manufacturing Process Step (DSP)

Removal of Empty Virus Capsids

Bioreactor Harvest

REMOVAL OF EMPTY 

VIRAL CAPSIDS

Viral Particle Release 

by Cell Lysis

(nuclease + surfactant)

Capture/Elute Chromatography 

(typically AAV affinity column)

This polishing step is the major downstream challenge.

Even after optimization of the 

anion exchange chromatography step,

the peaks that represent the full and empty capsids 

typically overlap to some degree, 

which means some undesired materials remain.

Depending on how the full capsid fraction is collected, 

viral genome titer will be lost.  

Empty capsids increase overall antigenic load and 

potentially exacerbate capsid-triggered innate and 

adaptive immune responses.

AAV empty capsids may compete with full capsids 

for receptor binding on target cells, which could 

necessitate an increase in the required vector dose.
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When viral capsids have a 

much higher A260 than 

A280 signal – capsids are 

considered full; vice versa 

for empty capsids

GC – virus genome copies 

(by ddPCR)     

Total capsids (by ELISA)

% full capsids 

(gene containing)

Anion Exchange Chromatography Capture/Elute

selected peaks
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Applied Risk-Management Across the Manufacturing Process

Starting 

Materials
Production Purification

Drug 

Substance

• In Vivo Gene Therapy using rAAV

• Ex Vivo Gene Therapy using rLV

• Cellular Therapy

Regulatory Compliance Control Strategy 

dependent upon type of CGTP Manufacturing Process
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Manufacture of Transduced Cells (Takeda)      3 min



138

A – Operational (methods, personnel, equipment)

B – Raw Materials (sera, media, growth factors)

C – Environmental (temperatures, pH, humidity)

D – Biological (patient starting material quality/composition, gene vector)

Many sources of variability in manufacturing for Ex Vivo Gene Therapy
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Cell Collection/Selection from Patient
(T cells/Stem cells)

CELL TRANSDUCTION

Expansion of Transduced Cells

Cell Activation/Cell Proliferation
(T cells: stimulation with anti-CD8/CD23)

(Stem cells: stimulation with cytokines – IL2)

Lentivirus (rLV)
(with gene)

Transduction CPPs

• transduction reagent

• transduction media

• LV/cell ratio

• LV/transduction reagent ratio

• number of transduction passages

Critical Drug Substance Manufacturing Process Step 

Viral RNA Transduction

adequate cell density 

on day of transduction

Maximize 

transduced cells
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Expanded 

Transduced/Transfected Cells

Formulation

Cell Washing

Sterile API
(Formulated Cells)

Cells cannot pass through 

chromatography resins

– so washing is only ‘purification’!

(explains why product-related 

and process-related impurities 

receive so much concern)

Cells cannot pass through 0.2µ filters 

– so no sterile filtration step 

(explains why aseptic processing is so 

critical for cell-based processes)

Since there is no cell separation, 

the % of transduced/transfected cells 

needs to be maximized

Critical Downstream Manufacturing Process Step 

Limited Options!
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Step 1. 

CASE EXAMPLE: 

Manufacture of CAR T cell 

Ex Vivo Gene Therapy



142

Applied Risk-Management Across the Manufacturing Process

Starting 

Materials
Production Purification

Drug 

Substance

• In Vivo Gene Therapy using rAAV

• Ex Vivo Gene Therapy using rLV

• Cellular Therapy

Regulatory Compliance Control Strategy 

dependent upon type of CGTP Manufacturing Process
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Cell Expansion (Culturing)

Cell Selection

Tissue Digestion

Cell Washing

Formulation

Sterile API
(Formulated Cells)

Cellular Therapy

Cell/Tissue Collection 

from Patient/Donor

‘significant manipulation’

Concern for ‘drifting’ in 

cellular properties

- morphology

- phenotype

- genotype

- expressed antigens

- viability

- life span (senescence)

• Hematopoietic Stem 

Cells (HSCs) –

isolated from bone 

marrow or umbilical 

cord blood

• Mesenchymal Stem 

Cells (MSCs) –

isolated from bone 

marrow or umbilical 

cords (WJ) or adipose 

tissue
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cell morphologies

cell surface phenotypes (markers)

‘Cluster of Differentiation’

CD4

CD8

CD19

CD…
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Cell Expansion (Culturing)

Cell Selection

Tissue Digestion

Cell Washing

Formulation

Sterile API
(Formulated Cells)

Cell/Tissue Collection 

from Patient/Donor

‘significant manipulation’

Cells cannot pass through 

chromatography resins

– so washing is only ‘purification’!

(explains why product-related 

and process-related impurities 

receive so much concern)

Cells cannot pass through 0.2µ filters 

– so no sterile filtration step 

(explains why aseptic processing is so 

critical for cell-based processes)
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Applied Risk-Management Across the Manufacturing Process

Drug 

Product

Bulk Drug

Substance

Formulation

(Excipients)

Filling

(Container Closure)

CTGPs are typically formulated at the BDS stage

20 mM Tris (pH 8.0), 

200 mM NaCl 

1 mM MgCl2, 

0.005% poloxamer 188

ZOLGENSMA

10 mM Na3PO4 (pH 7.3), 

180 mM NaCl, 

0.001% poloxamer 188) 

LUXTURNA

Frozen rAAV BDS

Cryoformulation

CryoStor (5% DMSO) 

ZYNTEGLO

TECARTUS

CAR T Cell BDS

Lactate Ringer’s Injection

DMEM (isotonic buffer)  

20% HSA 

ALOFISEL

PROVENGE

Cellular Therapy



147

Applied Risk-Management Across the Manufacturing Process

Drug 

Product
Bulk Drug

Substance

Formulation

(Excipients)

Filling

(Container Closure)

ZOLGENSMA

LUXTURNA

rAAV

In Vivo Gene Therapy

Aseptic Filling into Plastic 

Fluorinated Ethylene 

Propylene (FEP) 

Cryopreservation Bag 

Freeze   < -140oC

ZYNTEGLO

TECARTUS

CAR T Cell 

Ex Vivo Gene Therapy

Plastic Infusion Bag

Type I Glass Vial, 

with Rubber Stopper

ALOFISEL

PROVENGE

Cellular Therapy

Thaw Frozen BDS

Sterile Filtration

Fill into Crystal Zenith Vial 

with Chlorobutyl Stopper   

Freeze  < -60oC

Aseptic Filling into Plastic 

Ethylene Vinyl Acetate (EVA) 

Cryopreservation Bag 

Freeze  < -150oC
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Critically important to identify CQAs sooner than later

Important Comment on CQAs for ATMPs

Especially for Potency!

POTENCY

Product 
Characterization 

During 
Development

Product 
Release

Product 
Stability

Product 
Comparability 
After Process 

Changes

The cornerstone of a strong control strategy!
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Potency Assay:  Early Development is Critical!
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Potency Assay:  Early Development is Critical!

Potency Assay:  Can Also Become a Clinical Development Show Stopper!
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Press Release

FDA input obtained during pre-BLA meeting 

for their cellular therapy product 
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Follow-up Press Release

1.5+ year CMC delay in filing BLA
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BLA filed February 2020  → Advisory Committee Meeting August 2020

Press Release

BLA not resubmitted as on April 2022 – 18+ month CMC delay

Ryoncil
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Peter Marks, M.D., Ph.D.

Director CBER, FDA

Presentation at the 

World Medical Innovation Forum 

May 2021

‘Cell and gene therapy developers haven’t always done a good job constructing 

tests early on that allow them to consistently measure their products as they 

move from early testing into larger clinical trials and, eventually, to the FDA’

‘In addition, as many of the cell and gene therapies now in clinical testing 

are among the first of their type developed, it's not always clear from the 

beginning what characteristics or attributes are most important for 

reliably assessing clinical effect. But, developers still need to try. 

‘It sounds almost sing-songy, but many times developers get very excited 

about the fact that their product produces an important effect that 

they don't worry as much about reproducibly making that product’

Don’t under-estimate the amount of effort and time to 

develop adequate and appropriate assays for ATMP CQAs!
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Applied Risk-Management Across the Manufacturing Process

Drug 
Product

Clinical Use 
Preparation

Patient 
Administration

Administered 

Drug Product

• Concerns for the delivery device

‒ Impact of the product on the device

‒ Impact of the device on the product



156156

Direct delivery of a gene therapy virus 

into the brainNot always by injection into a vein!
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Patient Administration of Cell & Gene Therapy Products

FDA CMC Expectations for Devices

!!
FDA 

caution
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Case Example: Patient Safety Concerns

FDA  Phase 1 placed on Clinical Hold (June 2020)

IND Clinical Hold lifted January 2021

(6 month delay)

in vivo virus gene therapy (gene replacement) directly into the brain



Deficient CMC, cGMP, Quality System causes DELAYS

Deficient CLINICAL PLAN causes TERMINATIONS
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Explains why senior management 

spends so much focus on the 

Clinical Plan, but …

… but delays are costly 

also to a manufacturer!

QUESTIONS??
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✓ Overview of the ATMP Landscape

Due to the increasing diversity of these advance therapy medicines, the 

regulatory authorities have control systems in place to regulate these evolving 

manufacturing processes and products

✓ Advanced Therapy Product GMP and Quality Risk Consequences

Knowledge from established regulatory guidances and experiences 

(e.g., mAbs, recombinant viral vaccines) can be adapted, but pay attention to the 

minefields

✓ Regulatory Authority Expectations During Clinical Development

Regulatory guidance clearly stresses the necessity of a risk-based control 

approach to GMPs and Quality Principles during clinical development

✓ Industry Practice in Applying the Risk-Based Principles to ATMPs

A risk-based strategy needs to be applied across the manufacturing process from 

starting materials to production to purification to administered drug product

Course Summary

Practical Application of Risk-Based GMP & Quality Principles

to Clinical Development of Advanced Therapy Products

Thank you



RESOURCES

ATMPs approved by EMA   (www.EMA.Europa.EU)

www.ema.europa.eu/en/medicines/human/EPAR/zolgensma
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Google Search: EMA EPAR name of ATMP

www.ema.europa.eu/en/medicines/human/EPAR/abecma

EPAR – Assessment Report

EPAR – Assessment Report



CGTPs approved by FDA CBER

www.fda.gov/vaccines-blood-biologics/biologics-products-establishments
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www.fda.gov/vaccines-blood-biologics/zolgensma

100 documents
www.fda.gov/vaccines-blood-

biologics/abecma-idecabtagene-vicleucel

17 documents

[Biologic]

Search alphabetically by proper name 
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free, downloadable presentations at www.CASSS.org

(for a limited time after the meeting is held)

Cell & Gene Therapy Products – Annual Meetings

http://www.casss.org/
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www.insights.bio/cell-and-gene-therapy-insights/home

much free literature and webinars from vendors and CMOs!

Cell & Gene Therapy Products – free information


