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

 40+ years experience in Chemistry, Manufacturing & Control (CMC) 
strategies for the clinical development and commercialization of 
biopharmaceuticals (recombinant proteins, monoclonal antibodies, 
gene therapies and cellular therapies)

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

 Immediate Past Chair PDA Biopharmaceutical Advisory Board

 15+ years as an independent CMC regulatory compliance consultant 
to the biopharmaceutical industry

“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 
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Course Goal

The Problem for ATMPs/CGTPs

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 playbook!

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

Practical Application of Risk-Based GMP & Quality Principles
to Clinical Development of ATMPs
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1. Overview of ATMPs (CGTPs)  
Discussion of the increasing diversity of these products and the regulatory 
authority systems in place to control these evolving processes and products

2. ATMP GMPs and Quality Risk Consequences
Since a gap in guidance exists, where does it make sense to adapt experience 
from established regulatory guidance (e.g., monoclonal antibodies, recombinant 
viral vaccines, etc.), and what minefields might occur if improperly adapted

3. Regulatory Authority Expectations During Clinical Development
Understanding the regulatory guidance for ATMPs that currently exists, and 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 Risk-Based Principles
Applying Quality by Design (QbD) and Quality Risk Management (QRM); PDA 
Technical Report 81

Practical Application of Risk-Based GMP & Quality Principles
to Clinical Development of ATMPs

Course Outline

(Continuous presentation over the 6 hours of instruction) (Please ask your questions)
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1. Overview of ATMPs (CGTPs)

Discussion of the increasing diversity of these products 
and the regulatory authority systems in place 

to control for these evolving processes and products 

Practical Application of Risk-Based GMP & Quality Principles
to Clinical Development of ATMPs

666

Biological medicine advances have come in ‘waves’!

Wave 2: monoclonal antibodies

Wave 3: biosimilars

Wave 1: recombinant proteins

Wave 4:  advanced therapies
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Bioreactor 
production of 

desired protein

Administration of 
recombinant protein, mAb

Central Dogma of Molecular Biology

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

Harvest, purify, 
formulate

WAVES 1, 2, 3

Drug product filled 
into container closure
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Recombinant Proteins (100+)

Monoclonal Antibodies (100+)   ADCs, bispecific

1980              1990              2000              2010              2020

(1)

Biosimilars (40+)

The 3 ‘waves’ of new biological medicines in the past 30 years

ALL non-living proteins, for patient administration

(2)

(3)
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Fixing defective genetic capability
or adding new genetic capability 
to a patient’s living human cells

WAVE 4
advanced therapies

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

Central Dogma of Molecular Biology
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What a difference the past several years have made 
for ATMPs coming into the marketplace!

2017/2018 market approved

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

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

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

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

2019/2020 market approved

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

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

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

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

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

[under regulatory authority review for market approval]

(* Refusal to file due to CMC deficiencies)
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Statement from FDA Commissioner Scott Gottlieb, M.D. and Peter Marks, M.D., Ph.D., 
Director of the Center for Biologics Evaluation and Research on new policies to advance 

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

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

~$12 billion

~$9 billion

~$5 billion

~$9 billion

~$74 billion

Yescarta

Zolgensma

Luxturna

Kymriah

Zynteglo
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Regulation (EC) No 1394/2007 on ATMPs

ATMP: ADVANCED THERAPY MEDICINAL PRODUCT 
(gene therapy, somatic-cell therapy, tissue-engineered medicines)

European Medicines Agency (EMA) regulates commercial ATMPs

COMMITTEE ON ADVANCED THERAPIES (CAT)

National Competent Authorities (NCAs) regulate clinical trials

Regulatory Authority Landscape for Advanced Therapies

Europe vs USA

(assessment of ATMPs: classification, 
scientific advice, opinion on market approval)

(considerable country-by-country variability: speed of assessment, 
and time for approval of clinical trials in the different EU countries)

14

Regulatory Authority Landscape for Advanced Therapies

Europe vs USA

CGTP:  CELLULAR & GENE THERAPY PRODUCT
currently under the category of ‘analogous products’

“Biological product is a virus, therapeutic serum, toxin, antitoxin, vaccine, blood, 
blood component or derivative, allergenic product, protein or analogous product  

. . . applicable to the prevention, treatment, or cure of a disease 
or condition of human beings”  

Public Health Service (PHS) Act (1944)   2020 amended

Food and Drug Administration (FDA) regulates 
both clinical and commercial ‘analogous products’
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CMC review Facility review

U.S. FDA

CDER   CDRH   CBER

CBER regulates both clinical and commercial CGTPs
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ATMPs/CGTPs are … Gene Therapy Medicines

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

AND 

(b) its therapeutic, prophylactic or diagnostic effect relates directly to the recombinant nucleic 
acid sequence it contains, or to the product of genetic expression of this sequence 

Gene therapies work by inserting ‘recombinant’ genes into the human body to:

Replace a disease-causing gene with a healthy copy of the gene

Inactivate a disease-causing gene that is not functioning properly

Introduce a new or modified gene into the body to help treat a disease
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Spark Therapeutics  LUXTERNA    

adeno-associated virus vector 
(with RPE65 gene)
to treat vision loss  

Gene Therapy Medicine:  Genetically Engineered Living Virus (gene replacement)

17

RPE65 gene produces a protein necessary in the cycle for vision

Direct injection of genetically engineered live virus into the eye to 
replace defective RPE65-producting gene 18
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Gene Therapy Medicine:  Genetically Engineered Living Cells (gene addition)

19

Novartis KYMRIAH 
Kite YESCARTA

autologous genetically 
modified T-cells
(CAR – chimeric 
antigen receptor) 

to bind/kill 
CD19-containing 

leukemia cells

Genetically engineered 
virus to add a gene 

to the human T-cells

2020

new gene produces a protein 
that binds to CD19

20

new gene inserted 
into patient’s T-cell
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vs Chemotherapy:  only 20 percent of patients were alive at 2 years

22

(a) contains or consists of cells 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 that are not intended to be used for the same essential function(s) in the 
recipient and the donor; 

AND

(b) is presented as having properties for, or is used in or administered to human 
beings with a view to treating, preventing or diagnosing a disease through the 
pharmacological, immunological or metabolic action of its cells 

FDA: ‘not for homologous use’

FDA: ‘more than minimal manipulation’

ATMPs/CGTPs are … Cell Therapy Medicines

− cutting

− grinding

− shaping

− centrifugation

− sterilization

‘Not Substantial Manipulation’ is …

− irradiation

− cell separation

− concentration

− freezing

− cryopreservation

− Cell expansion by cell culturing

− Differentiation/activation with growth factors

− Enzymatic digestion of tissue to release cells

‘Substantial Manipulation’ is …

FDA:  HCT/P 361 product 

FDA:  HCT/P 351 product  (CGTP)
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EMA approved 2017    FDA (in Phase 3 clinical)

cellular therapy (allogeneic)
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Tissue-Engineered Products

‘tissues that are exclusively non-viable are excluded’

Combined ATMPs

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

OR

b) tissues that are not intended to be used for the same essential function or 
functions in the recipient as in the donor

ATMPs with a medical device as an integral part of the medicine

ATMPs/CGTPs are also…

While not covered in this course, 
the practical GMP & Quality principles that are discussed are applicable
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CONFUSED YET! 

ATMP

substantial 
manipulation

more than 
minimal manipulation

CGTP

OTATCAT

not for homologous usenot same essential function

QUESTIONS??

26

2. ATMP GMPs and Quality Risk Consequences

Since a gap in guidance exists, where does it make sense 
to adapt experience from established regulatory guidance 

(e.g., monoclonal antibodies, recombinant viral vaccines, etc.), 
and what minefields might occur if improperly adapted

Practical Application of Risk-Based GMP & Quality Principles
to Clinical Development of ATMPs
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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”)

28

CMC

GMPQUALITY

Practices carried out by 
Manufacturing & Quality 

to meet regulatory criteria

Regulatory authority Manufacturing & Quality 
criteria to be met for human medicines

System that ensures regulatory criteria 
are met by practices carried out by 

Manufacturing & Quality

3-Part Control Strategy designed to protect the patient!

Applicable to all pharmaceuticals, but what about advanced therapy products?
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ATMPs/CGTPsMonoclonal Antibodies
Recombinant Viral Vaccines

Pre 2019

2019-2020

29

Reality today for advanced therapy products

limited regulatory guidance and experience 
compared to other biologics

CMC

GMPQUALITY
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One approach:  Adapt from existing biologic guidance and experience

So, what to do when only limited guidance and experience is available?

30

Experience adaptable from working with mAbs & viral vaccines

much knowledge about risk-based GMPs and Quality 
can be brought into the control of advanced therapy manufacturing!

BUT, must factor in significant differences of ATMPs/CGTPs!

 Genetic engineering of transgenes and viral vectors, clone selection 

 Cell bank & virus seed manufacture, release, stability, and maintenance

 Handling and expanding cell cultures (adherent and suspension)

 Aseptic processing and handling of open manufacturing process steps

 ICH Quality by Design (QbD) and Quality Risk Management (QRM) principles

 Quality Unit documentation for traceability (SOPs, PBRs, QC test records)

 Quality Unit control strategy (e.g., CofA, batch release, deviation handling, 
vendor qualification, CAPA, etc.)
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Recombinant 
Proteins & mAbs

Non-living medicine

ATMPs/CGTPs
(viruses & cells)

Living medicine

Significant Differences – Due to Nature of the Product

Must be kept alive and stable 
to retain therapeutic activity

Very high safety concern for 
adventitious agent contamination

(cells cannot undergo 0.2µ sterile 
filtration, let alone nanofiltration)

Unknowingly impacting a life 
function in handling of product

(freeze/ thaw of cell-based medicines)

Must be kept stable 
to retain therapeutic activity

Safety concern for 
adventitious agent contamination

(0.2µ , 0.1µ, nanofiltration)

N/A 
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Significant Differences – Due to Type of Manufacturing Process

Recombinant 
Proteins & mAbs

Recombinant 
Viruses (in vivo)

Cells

ATMPs/CGTPs

Manufacturing for 
inventory buildup –

independent of patient’s 
treatment cycle

All manufactured 
batches are the same

Highly automated, 
closed manufacturing 

process steps

Manufacturing for 
inventory buildup –

independent of patient’s 
treatment cycle

All manufactured 
batches are the same

Automated, 
closed manufacturing 

process steps

Manufacturing is 
time-specific –

linked to patient’s 
treatment cycle

Patient-specific
batches (‘vein-to-vein’)

Manual manipulations, 
open manufacturing 

process steps
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mAb manufacturing

virus manufacturing

34

different manufacturing ‘feel’!

cell-based manufacturing

the future??

T 0 T 14

cell manipulations every other day
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Significant Differences – Due to Availability of Testing Tools 
and Timing to Complete QC Batch Release Tests

Recombinant 
Proteins & mAbs

Recombinant 
Viruses (in vivo)

Cells

ATMPs/CGTPs

Proteins are large
and complex, 
with extensive

physicochemical & 
biological tests available

QC samples available 
for each batch

Testing completed 
prior to batch release

Viruses are larger
and more complex, 

with limited 
physicochemical & 

biological tests available

QC samples available 
for each batch

Testing completed 
prior to batch release 

Cells are even larger 
and even more complex,

with very limited 
physicochemical & 

biological tests available 

Limited QC samples 
from each batch

‘Just-in-time’ or ‘after-
patient-administration’ 

batch release

36

 Limitations of test sample availability 
(small patient-specific batch sizes)

 Challenging and time-consuming QC tests
(flow cytometry, qPCR, AUC)

 QA batch release days (not months)
(deviations, batch record closeout, CofA)

ATMPs/CGTPs place 
intense pressure on the Quality Unit

Full AAV 
capsids

Empty AAV 
capsids

Analytical ultracentrifugation
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Tread carefully when you have not operated in the ATMP/CGTP arena before!

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

QUESTIONS??
‘waterproof’ – 3’ deep, 30 min.

38

3. Regulatory Authority Expectations During 
Clinical Development

Understanding the regulatory guidance for ATMPs 
that currently exists, and 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 ATMPs
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CMC

GMPQUALITY

Practices carried out by 
Manufacturing & Quality 

to meet regulatory criteria

Regulatory authority Manufacturing & Quality 
criteria to be met for human medicines

System that ensures regulatory 
criteria are met by practices carried 

out by Manufacturing & Quality

3-part control strategy

40

The Regulatory Authority Challenge

How to fill in the gap of guidance for ATMP GMP and Quality Principles 
requirements and expectations during clinical development 

when there is such diverse and evolving manufacturing processes?

Viral Vectors
(AAV, Ad, LV, HSV)

Plasmid transient 
transfection of cells*

Insect cell transduction 
with Baculovirus 

Stable Producer Cells with 
virus-transgene integrated 

into the cell genome

Viral Vector Production

Adherent cell culture

Suspension cell culture

Non-Viral Vectors

Microbial vectors
(‘bactofection’)

Vector End Use in Gene Therapy

In vivo direct administration

Ex vivo human cell genetic modification

Cellular Therapy

Stem or progenitor or 
differentiated cells

Autologous* or allogeneic

* 2 examples of this diversity in manufacture

Cellular Genome Editing

CRISPR-Cas
(ex vivo, in vivo)
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E. coli Plasmid Manufacture of 3 separate plasmids

(Development GeneƟcs →  Expansion → rMCB/rWCB → Plasmid ProducƟon → PurificaƟon → Packaging)

Plasmid DNA (transfer)
transgene

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

Plasmid DNA (rep/cap)
AAV life cycle genes

HEK293 (human) MCB/WCB 

Cell Transfection

Production of rAAV

Purification of rAAV

Direct 
Admin

Ex Vivo 
Cells

rAdeno-Associated Virus (AAV) Manufacturing Using Plasmid DNA Transfection

Gene Therapy

Medicine

Gene Therapy

Vector
Active Substance

Cell Expansion

HEK293 Source → Expansion

Cellular therapy (autologous)

42
EMA approved 2015    FDA (in clinical)
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ATMPs
CGTPs

Monoclonal Antibodies
Recombinant Viral Vaccines
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Increasing EMA/FDA guidance for GMPs & Quality Principles

gaining year after year

Pre 2019

2019-2020

44

EMA

• Guideline on the Quality, Non-Clinical and Clinical Aspects of Gene Therapy Medicinal Products (2018)

• Guideline on the Quality, Non-Clinical and Clinical Aspects of Medicinal Products Containing Genetically 
Modified Cells (draft, 2018)

• Guideline on Strategies to Identify and Mitigate Risks for First-in-Human and Early Clinical Trials with 
Investigational Medicinal Products (2017)

• Guideline on Human Cell-Based Medicinal Products (2008)

• Guideline on Development and Manufacture of Lentiviral Vectors (2005)

EMA/FDA GMPs and Quality Principles for ATMPs/CGTPs

PRE-2019 CMC Regulatory Guidances

 EC Guidelines on Good Manufacturing Practice Specific to Advanced Therapy Medicinal 
Products (2017)                        [includes “investigational ATMPs”]

FDA

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

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

• 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) 

 must reads for GMPs and Quality Principles during clinical development
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EMA

 Guideline on the Quality, Non-Clinical and Clinical Requirements for Investigational 
Advanced Therapy Medicinal Products in Clinical Trials (draft, 2019)

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

• Q&A – The Use of Out-Of-Specification Batches of Authorised Cell/Tissue-based Advanced Therapy 
Medicinal Products (2019)

EMA/FDA GMPs and Quality Principles for ATMPs/CGTPs

2019-2020 CMC Regulatory Guidances

• EC Good Practice on the Assessment of GMO-related Aspects in the Context of Clinical Trials with Human 
Cells Genetically Modified by Means of Retro/Lentiviral Vectors (draft, 2019)

FDA

Guidance for Industry: Chemistry, Manufacturing & Control (CMC) Information for Human 
Gene Therapy Investigational New Drug Applications (INDs) (2020)

• 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: Evaluation of Devices Used with Regenerative Medicine Advanced Therapies (2019)

PIC/S

Annex 2A Manufacture of Advanced Therapy Medicinal Products for Human Use (draft, 2019) 
[includes “investigational ATMPs”]

 must reads for GMPs and Quality Principles during clinical development

(non-binding, informal co-operative arrangement between 53 Regulatory Authorities in the field of GMP)

46

Risk-Based Approach (RBA) to GMPs & Quality Principles

During Clinical Development of ATMPs/CGTPs

 Three (3) key elements in applying a risk-based approach

1) Absolutely necessary for ATMPs – no one-size-fits-all

2) -

3) -

 Eight (8) core GMP & Quality System principles 
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The diverse and evolving manufacturing processes and products cannot
scientifically fit GMPs and Quality Principles into a one-size-fits-all approach!

48

The risk-based approach – good regulatory sense and good business sense!
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Risk-Based Approach (RBA) to GMPs & Quality Principles

During Clinical Development of ATMPs/CGTPs

 Three (3) key elements in applying a risk-based approach
1) Absolutely necessary for ATMPs – no one-size-fits-all

2) Focus must be on patient safety

3) -

 Eight (8) core GMP & Quality System principles 

50

The risk-based approach is about protecting patients!  

 A risk-based approach focuses Manufacturing and Quality on activities 
that may affect product quality, safety and/or efficacy (all of which, 
directly or indirectly, can impact patient safety)

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

 A risk-based 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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EMA:  its about patient safety!

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

characterising risk and putting in place appropriate strategies to minimise risk.”

52

FDA:  its about patient safety!



27

53

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs

 Three (3) key elements in applying a risk-based approach
1) Absolutely necessary for ATMPs – no one-size-fits-all

2) Focus must be on patient safety

3) Not static, but must evolve/mature

 Eight (8) core GMP & Quality System principles 

54

The risk-base approach must evolve/mature!

 Early on in clinical development, there is frequently limited or 
incomplete understanding of the manufacturing process and the 
advanced therapy product

 At the early clinical development stage, the risk-based approach 
provides the needed flexibility to control the manufacturing process 
and its product based on available knowledge

 However, as clinical development advances, so should the refinement 
of the risk-based assessments and risk mitigation procedures



28

55

EMA:  RBA must evolve/mature!

56
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FDA:  RBA must evolve/mature!

58

Risk-Based Approach (RBA) to GMPs & Quality Principles

During Clinical Development of ATMPs/CGTPs

 Three (3) key elements in applying a risk-based approach

 Eight (8) core GMP & Quality System principles 

Practices carried out by 
Manufacturing & Quality 

to meet regulatory criteria

System that ensures
regulatory criteria are met 
by practices carried out by 

Manufacturing & Quality

GMPQUALITY
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Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs

 Eight (8) core GMP & Quality System principles 

1) Personnel adequately trained; clear allocation of responsibilities

2) -

3) -

4) -

5) -

6) -

7) -

8) -

60

The critical role of trained personnel! 

3 ‘Rights’ for manufacturing personnel

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

Challenge of finding experienced personnel!

Recognized limited experience in the small, new companies involved!

May 2019

62
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Aseptic processing simulation training critical to protect patients!

64

Risk-Based Approach:  Cannot simulate everything, so focus simulations on the most 
critical process steps – the open processing steps involving human intervention!
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U.S. NIH clinical manufacturing of cellular therapies

Lesson learned the hard way:  Don’t skimp on training!

66
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FDA Inspection Result:  Cell therapy facility shut down for 5 months

68
CAPA completed
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 Eight (8) core GMP & Quality System principles 
1) Personnel adequately trained; clear allocation of responsibilities

2) Premises/equipment suitable for intended use, and maintained

3) -

4) -

5) -

6) -

7) -

8) -

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs

70

Basic GMPs for ‘Fit-for-Use’ Manufacturing Facility

• Designed to permit production in a logical order 
corresponding to the sequence of the operations and 
required level of cleanliness

• Cleaning, maintenance and repair

• Lighting, temperature, humidity, ventilation

• Appropriate air cleanliness classification

• Environmental monitoring (air pressure differentials; 
non-viable/viable air; viable surface/personnel, etc.)

• Pest control

• Prevention of entry of unauthorized personnel

• Restrictions on what operations are allowed in facility
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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 

• 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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Bottom Line:  Premises/equipment risk mitigation procedures commensurate 
with the risk of mix-ups, contamination and cross-contamination

Manufacture of DNA plasmid 
starting material

Manufacture of infectious 
virus seed starting material

Cell culture production 
of AAV

Purification of 
virus drug substance

Manufacture of 
virus drug product

Cell culture production 
of LV

Manufacturing requirements and containment levels

Biosafety level BSL-2 with cells involving lentivirus (LV), 
BSL-1 after cell transduction under specified conditions

versus

versus

versus
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 Eight (8) core GMP & Quality System principles 
1) Personnel adequately trained; clear allocation of responsibilities

2) Premises/equipment suitable for intended use, and maintained

3) Adequate documentation system ensuring appropriate specifications 
are laid down for materials, intermediates, bulk products and the 
finished product; that the production process is clearly understood, 
and that appropriate records are kept

4) -

5) -

6) -

7) -

8) -

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs

76

Adequate documentation system

Documented level of GMP control and Quality!

Raw Material     Critical Raw Material

Starting Material      Vector Cell Bank      Virus Seed     Patient’s Cell 

Active Substance (Drug Substance)

Drug Product
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Raw Materials are …

78

Risk-Based approach for Raw Materials

Consider:  What goes ‘into the pot’, can end up in the patient (impurity in the product)!
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• Sera and serum replacements

• Proteins produced by recombinant DNA technology

• Proteins extracted from biological material

• [Vectors (usually considered starting materials)]

Compendial guidance on risk-assessment for raw materials

• AMs are components, reagents, and materials used during the manufacture 
of CGTPs but are not intended to be part of the final product

• AMs include cell isolation reagents, culture and cryopreservation media, 
and disposables such as plasticware and bioprocessing bags 

• The term “ancillary material” is not globally recognized by regulators

• Tier 1 (low risk, highly qualified) → → → Tier 4 (high risk, poorly qualified)

80

No single measure can guarantee the 
quality, functionality and safety of a 

critical raw material of its intended use!

Quality Risk Management (QRM) 
Risk Reduction Activities

Vendor audits

Receipt of vendor manufacturing controls 
and certificate of analysis for each batch

Batch functionality/suitability testing 
prior to use In the process

Confirm vendor’s certificate of analysis 
batch release test results

Develop more stringent or additional
internal specifications for QC release

Critical Raw Materials

Raw materials that could introduce 
adventitious agents (e.g., viruses, prions)

Raw materials that 
leave detectable residuals

Raw materials from 
single-source vendors

“The quality of raw materials is a key factor in the production of ATMPs”
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Starting Materials are …     

Drug Substances (DS) are…    

Intermediates are …

Drug Products (DP) are …

82

In vivo gene therapy

The active substance of a gene 
therapy medicinal product based 
on gene transfer methods in vivo 
is composed of the recombinant 
nucleic acid and the viral or non-

viral vector used to deliver it. 

In the case of in vivo genome 
editing approaches, 

active substances normally 
comprise the tools used for the 

intended genome edition. 

Vector (transgene)

STARTING MATERIALS DRUG SUBSTANCE

Cell Banks
Virus Seed
Plasmids

For products consisting of viral 
vectors, the starting materials 

are the components from which 
the viral vector is obtained, i.e. 

the master virus seed or the 
plasmids used to transfect the 

packaging cells and the MCB of 
the packaging cell line. 

Patient 
Administration

DP
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Ex vivo gene therapy

Genetically 
Modified Cells

Vector (transgene)

Patient’s Cells

In the case of gene therapy ex vivo 
(i.e. genetically modified cells), the 
active substance is composed of 

the modified cells. 

The unmodified cells, the viral or non-viral vectors and 
any other nucleic acid and/or protein used in the genetic 

modification of the cells are considered starting 
material. In this case of ex vivo use, viral vectors, 
plasmids, recombinant proteins and recombinant 

mRNA, the components to produce them (e.g. plasmids, 
cells) are also considered starting materials. In this 

case, the principles of GMP, as provided in the General 
Principles in the Guidelines for GMP for ATMP, should 

be applied from the cells bank systems used to produce 
the starting materials, when applicable. 

STARTING MATERIALS DRUG SUBSTANCE

Patient 
Administration

Cell Banks
Virus Seed
Plasmids

DP
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The active substance of a 
CBIMP is composed of the 
manipulated or not same 
essential function cells

Additional substances (e.g. 
scaffolds, matrices, devices, 
biomaterials, biomolecules 
and/or other components) 

when combined as an integral 
part with the manipulated 

cells are considered part of 
the active substance and are 

therefore considered as 
starting materials, even if not 

of biological origin.

Cellular therapy

STARTING MATERIALS DRUG SUBSTANCE

Manipulated Cells
Patient 

Administration
DPPatient’s Cells
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FDA’s definition of starting material, 
intermediate, drug substance

86
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Challenge of ‘Sole Source’ starting materials

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

Case Example: 12+ month clinical start delay

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

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

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

May 15, 2017

November 30, 2018

November 12, 2019

February 11, 2020

88

GMP for Starting Materials, Drug Substances (DS) and Drug Products (DP)
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Baculovirus (BV)  MVS/WVS
(contains transgene; 

other AAV genes could be 
divided into more than 1 seed)

Sf9 (insect) MCB/WCB 
(may have undergone development 
genetics to add some AAV genes) 

Cell Transduction

Production of rAAV

Purification of rAAV

Patient
Admin

Ex Vivo 
Cells

Purified rAAV

Cell Expansion

BV

rAdeno-Associated Virus (AAV) Manufacturing Using Virus Transduction 

Sf9 Cells

Expansion

ExpansionDevelopment Genetics

Patient
Admin
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 Eight (8) core GMP & Quality System principles 
1) Personnel adequately trained; clear allocation of responsibilities

2) Premises/equipment suitable for intended use, and maintained

3) Adequate documentation system ensuring appropriate specifications are laid down for 
materials, intermediates, bulk products and the finished product; that the production 
process is clearly understood, and that appropriate records are kept

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

5) -

6) -

7) -

8) -

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs
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Manufacturing process must be under adequate control, 
not necessarily validated!

92
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Single-product 
manufacturing

Multi-product facility –
campaign basis

Multi-product facility –
concurrent operation

increasing risk; stronger risk mitigation measures needed

…

94
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Lessons learned the hard way (from biopharmaceutical protein processes 
contaminated with viruses and/or mycoplasma):  Accidental release is not the time 
to call a committee meeting, but needs timely, prospective, well-thought-out action!

PDA TECHNICAL REPORT 83  (2019)

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

• Virus Contamination Response Plan
• Investigation Management Structure & Leadership
• Response Plan Elements

Prospective Emergency Plan for accidental release

96

 Eight (8) core GMP & Quality System principles 
1) Personnel adequately trained; clear allocation of responsibilities

2) Premises/equipment suitable for intended use, and maintained

3) Adequate documentation system ensuring appropriate specifications are laid down 
for materials, intermediates, bulk products and the finished product; that the 
production process is clearly understood, and that appropriate records are kept

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

5) Quality control system which is operationally independent 
from production

6) -

7) -

8) -

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs



49

97

Independence of Quality Unit from Manufacturing

GMP ‘checks and balances’

98
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 Eight (8) core GMP & Quality System principles 
1) Personnel adequately trained; clear allocation of responsibilities

2) Premises/equipment suitable for intended use, and maintained

3) Adequate documentation system ensuring appropriate specifications are laid 
down for materials, intermediates, bulk products and the finished product; that the 
production process is clearly understood, and that appropriate records are kept

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

5) Quality control system which is operationally independent from production

6) Arrangements in place for prospective evaluation of planned 
changes and approval prior to implementation, and for 
evaluation of changes implemented

7) -

8) -

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs
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But change must not negatively impact 
the process, the product, or the patient!

Change is an inherent part 
of the development process!
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The critical role of the Quality Unit Change Management System!

(formal evaluation, documented plan, prospective evaluation criteria, 
work completed according to signed plan, report, approvals)*

* ICH Q10  3.2.3 Change Management System
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104

CASE EXAMPLE of how much process change may be necessary 
to move from academic to industry manufacturing process!
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… but challenges product comparability!

FDA:  Regenerative Medicine Advance Therapy (RMAT) designation

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

EMA:  Primary Medicine (PRIME) designation

Exciting clinical speed opportunities …

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

between process versions and maintaining the link to clinical data!

EMA very concerned about the impact on CMC due to clinical expediting

recognized pressure on product comparability due to PRIME designation

106
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FDA very concerned about the impact on CMC due to clinical expediting

recognized pressure on product comparability due to RMAT designation

108

FDA clinical expedited designations received:  RMAT, Breakthrough Therapy, Rare Pediatric

CASE EXAMPLE

CMC struggling to keep pace with expedited Clinical!

Clinical hold released December 2019

Now the new facility has to produce comparable product
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EMA clinical expedited designation received:  PRIME

CASE EXAMPLE

Struggling to implement all of the required EMA postmarketing CMC changes!

EMA market approved: April 2019

Postmarketing CMC commitments

110

 Eight (8) core GMP & Quality System principles 
1) Personnel adequately trained; clear allocation of responsibilities

2) Premises/equipment suitable for intended use, and maintained

3) Adequate documentation system ensuring appropriate specifications are laid down 
for materials, intermediates, bulk products and the finished product; that the 
production process is clearly understood, and that appropriate records are kept

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

5) Quality control system which is operationally independent from production

6) Arrangements in place for prospective evaluation of planned changes and approval 
prior to implementation, and for evaluation of changes implemented

7) Quality defects/process deviations are identified as soon as 
possible; causes identified, appropriate corrective and 
preventative measures  taken          (ICH Q10 3.2.2 CAPA System)

8) Adequate systems of traceability of the ATMPs, starting and 
critical raw materials

no time to discuss

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs
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 Always protect the patient!

• Do the comprehensive and thorough risk analysis

 Good business practice: reduce uncertainty, if possible!

• Implement appropriate and adequate risk minimization steps 

 Focus on the end target (→ getting to the market) 

• Unfortunately this means investing in Manufacturing & Quality 
early in clinical development before medical success is known!

‘Bottom Line’ RBA Thoughts

QUESTIONS??

Risk-Based Approach (RBA) to GMPs & Quality Principles 

During Clinical Development of ATMPs/CGTPs

112

4. Industry Practice in Applying Risk-Based Principles 

Applying Quality by Design (QbD) 
and Quality Risk Management (QRM); 

PDA Technical Report 81

Practical Application of Risk-Based GMP & Quality Principles
to Clinical Development of ATMPs
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ICH Q8(R2)  Quality by Design (QbD)

ICH Q9  Quality Risk Management (QRM)

Two core approaches used widely by biologic manufacturers!

not mandatory, but highly recommended (‘expected’)

114

QbD/QRM – not mandatory, but expected 

CASE EXAMPLE:  applied to market approved allogeneic cell therapy manufacturing

CPPs
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QbD/QRM – not mandatory, but expected 

CASE EXAMPLE:  applied to market approved ex vivo gene therapy cells

Lentiviral Vector (LVV)

Transduced Cells (Active Substance)

Transduced Cells (Drug Product)

116

QbD/QRM recommended for ATMPs during clinical development

CQAs and CPPs, even with limited process/product understanding
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QbD/QRM recommended for ATMPs during clinical development

CQAs and CPPs, even with limited process/product understanding

118

QbD, QRM – not mandatory, but expected! 

proven invaluable for biopharmaceutical manufacturing

Quality by Design (QbD) elements

Quality Risk 
Management 
(QRM) tools



60

119

Target Product Profile (TPP) – the company’s strategic vision of 
the desired characteristics of the future commercial drug product 

An effective project management tool

Presents a common view of the target, across all disciplines: 
R&D, Clinical, Manufacturing, Quality, Regulatory Affairs, Marketing

Goal: to keep the different disciplines from drifting  away 
from the common vision

(changeable, not static) 

ICH 
Q8(R2)

120

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

Category of Attributes Criteria (Example)
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Therapeutic Indication Orthopedics, immune, cardiovascular
Dosage Form Liquid suspension, tissue equivalent, cryopreserved, fresh
Dose Regimen Daily, monthly, single infusion
Volume per Dose mL
Container Closure System Bag, vial, sterile-sealed

Stability and Storage Conditions 2-8 °C, 18-25 °C, cryopreserved in vapor phase LN2, <-130 °C
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Safety
Microbial testing which, depending on the nature of the 
product, is likely to be based on a multidimensional approach 
encompassing in-process and final-product testing

Identity

Tests to distinguish the specified cells through physical or 
chemical characteristics of the cell line (i.e., phenotype, 
genotype, or other markers; qPCR of transgene; tissue-
specific gene expression)

Content
#cells/dose, #cells/cm2, cells/kg, active (transduced) cells/kg

Viability

Purity
Tests to assess product purity, considering the product 
(e.g., live cells, dead cells)

Impurities

Process-related impurities (e.g., contaminating cells, cellular 
fragments), viral residuals, paramagnetic beads, residual 
detergent, enzyme, or other potent compounds that are used 
in process, but are not desirable in a drug substance

Potency

Measure of the relevant product biological functions 

Method to assess product biological activity based on the 
different elements involved with the MoA, often multiple tests 
evolving from specific markers in early stage to more 
functional assays at later stage 

General Appearance, visible particulates, packaging

Illustration of a QTTP template for Cellular Therapy 
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Quality Attribute (QA) – a physical, chemical, biological or 
microbiological property or characteristic of the product

Primary structure
Higher order structure (HOS)
Product-related impurities
Process-related impurities
Compendial (safety, content)

ICH 
Q8(R2)

(changeable, not static) 

• For biologics, most of the CQAs of the drug product are associated with the 
manufacture of the drug substance

• The identification of CQAs for complex products (biologics) is challenging, and it 
might not be possible to fully evaluate the impact of each one (clinically meaningful) 

ICH 
Q11
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Rating Impact

Negligible 
to Low

Marginal patient impact; no potential for decreased 
safety; attribute is not expected to impact safety or 
efficacy

Medium

Small potential for patient impact that does not 
change the overall risk/benefit profile for the 
product; attribute may have a manageable adverse 
effect, but significant patient impact is improbable

High
Significant to catastrophic patient impact, changing 
the risk/benefit profile of the product 

Uncertainty Prior Knowledge

Low
Extensive literature available on this attribute; in-
house data (in vitro, nonclinical, or clinical) 
available

Medium
Attribute well understood based on scientific 
rationale; in-house data (in vitro, nonclinical, or 
clinical) available

High
Limited scientific understanding of this attribute; 
no clinical experience; limited in-house data

Impact Severity
Uncertainty

Low Medium High

Low non-CQA non-CQA pCQA
Medium pCQA pCQA pCQA
High CQA CQA CQA

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

1) identify all quality attributes (QAs)

2) rank each quality attribute for criticality (impact, uncertainty) 

3) set threshold for CQA vs non-CQA
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PDA Technical Report 81   Cell-Based Therapy Control Strategy (2018)

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
An autologous chondrocyte product must contain chondrocytes, which are 
characterized by their expression of specific chondrogenic markers

Impurities

Fibroblastic Cells High Medium CQA
Available data suggests fibroblasts may interfere with stable hyaline cartilage 
regeneration

Residual Trypsin Low Low
Non-
CQA

In products manufactured to date, 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

Residual Fetal Bovine 
Serum

High Medium CQA Levels in final product known to potentially impact safety

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 is measured as surrogate assay for function

Strength/Dose
Total Cell Number/
Dose Unit

Medium Low CQA Link between dose and efficacy needs to be established during development

Safety

Endotoxin High Low CQA
Endotoxins (mainly lipopolysaccharides from gram negative bacteria) 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

Mycoplasma High Low CQA
Mycoplasma can cause serious contamination in cell cultures, which may affect 
phenotypical characteristics and normal growth of the cells; a few species can be 
pathogenic

Adventitious virus High Low CQA
Manufacture requires use of cell substrates and raw materials of human and animal 
origin that could be contaminated with a virus, which potentially can be carried over 
into the product

Illustration of CQA determination for Cellular Therapy 
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Process Parameter (PP) – an element of manufacturing process control

Individual actions within 
each process step

ICH 
Q8(R2)

(changeable, not static) 

• Biologic manufacturing processes have many steps, each with many PPs

• KPP (Key Process Parameter) – a process parameter that has no impact of a CQA, 
but does impact process performance (e.g., product yield)
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Impact Severity

Low non-CPP
Medium pCPP or CPP
High CPP

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

1) identify all process parameters (PPs)

detailed process diagram of each unit operation

2) rank each process parameters for criticality (impact on CQA) 

3) set threshold for CPP vs non-CPP

Impact Criteria

High Small to moderate change of this parameter has a significant 
impact on a CQA 

Medium Large change of this parameter or a small change in parameter, in 
combination with other factors, has a significant impact on a CQA 

Low/Negligible The parameter has no impact on CQAs 
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PDA Technical Report 81   Cell-Based Therapy Control Strategy (2018)

Unit Operation Step Process Parameter

C
Q

A
 A

C
Q

A
 B

C
Q

A
 C
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 …
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Number of trays or flasks

Seeding density for each 
expansion

Media volume for each expansion

Incubation time for each expansion

Incubation temperature for each 
expansion

% CO2 during expansion 

W
as

h

Wash volume following expansion

Wash time

Wash agitation

D
et

ac
h

m
en

t Volume of trypsin

Detachment time

Detachment temperature

Handling of trays to dislodge cells

CPP

pCPP

Non-CPP
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ICH 
Q8(R2)

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

128

PDA Technical Report 81   Cell-Based Therapy Control Strategy (2018)
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Recognize the limitation of ‘Testing Controls’ in the Control Strategy
during clinical development of ATMPs/CGTPs

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

Mature testing tool box for recombinant protein & mAb products

130130

Under development testing tool box for living virus products

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

 Primary Structure 
(nucleic acid sequence)

 Physical Properties 
(aggregation, glycoproteins)

 Product-Related Impurity
(nature of encapsulated DNA/RNA, empty capsids)

 Safety – Replication Competency 
(AAV vector – low risk    LV vector – higher risk)

 POTENCY 
(infectious potency, ratio of    
full:infectious virus particles)

Virus

Special note about potency
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Potency assay:  early development is critical!

132

“Next, an example of the very 
same gene therapy procedure 

when done correctly.”

132QUESTIONS??
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Resources for Industry

https://www.ema.europa.eu/en/human-
regulatory/overview/advanced-therapy-

medicinal-products-overviewCommittee for Advanced Therapies (CAT)

134

FDA CBER Office of Tissues and Advanced Therapies (OTAT)

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

INTERACT – INitial Targeted Engagement for 
Regulatory Advice on CBER’s ProducTs
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FDA OTAT Learn
(video courses on how FDA regulates CGTPs)

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

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

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

 Cellular Therapy Products

 Early-Phase Trials of Cellular and Gene Therapies

 Fast Track (FT) for Products Regulated in OCTGT (now OTAT)

 Breakthrough Therapy Designation

 Biologic License Applications to OCTGT (now OTAT)

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

 Advanced Topics: Determining the Need for and Content of Environmental 
Assessments for Gene Therapies, Vectored Vaccines and Related Products

136

CELL & GENE THERAPY: SPEAKER PRESENTATIONS

free downloadable presentations from CASSS.org

2018:   https://www.casss.org/page/CGTP1817

2019:   https://www.casss.org/page/CGTP1917
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PDA
https://www.pda.org/publications/pda-technical-reports

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

Cell & Gene Therapy Interest Group

https://www.pda.org/scientific-and-regulatory-affairs/interest-groups

→ ATMPs manufacturing processes are challenging, but risk-manageable 

→ Not a formula of “do’s and don’ts”, but an applied risk-based approach

→ Flexibility and adaption are essential for GMPs and Quality of ATMPs

→ Above all else:  Patient safety must never be compromised! 
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Practical Application of Risk-Based GMP & Quality Principles 
To Clinical Development of ATMPs

In Conclusion

Thank you


