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Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs

Course Goal

To help you, the attendee, develop a 
practical, risk-managed, phase-appropriate  

compliant good manufacturing practices (GMPs) 
and effective Quality strategy for 

advanced therapy medicinal products (ATMPs), 

across the clinical development lifecycle!

Clinical Development Phases

Phases 1-3 or expedited
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Course Outline

1. Understanding the Basics:  ATMP, HCT/P, RMAT, GMP, Quality, 
Phase-Appropriate Risk 

2. Major Differences, and the GMP and Quality Risk Consequences, 
Between Protein-based and Gene/Cell-based Medicines

3. Regulatory Authority (EC/EMA/FDA) Expectations for ATMP 
GMPs and Quality – Risk-Based Approach

4. Industry Practice in Applying ATMP GMPs and Quality (Including 
the PDA Technical Report Cell-Based Therapy Control Strategy)

Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs
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Who is John Geigert, Ph.D., RAC?

 35+ years experience in Chemistry, Manufacturing & Control (CMC) 
strategies for the clinical development and commercialization of 
biopharmaceutical recombinant proteins and monoclonal antibodies

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

 Chair PDA Biopharmaceutical Advisory Board
 15+ years as a CMC regulatory consultant to the biopharmaceutical 

industry, recombinant proteins, monoclonal antibodies, biosimilars, 
cellular and gene therapy medicines

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

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

 My name is  ….      And I work for ....     And I do the following ….
 My experience with ATMPs is ….
 My interest in taking this course is ….

Who are you?



5

What a difference a year has made!
(course taught last June at this conference)

2017
 Glybera (gene therapy virus) withdrawn from EU
 Spherox (tissue engineered product) approved EMA
 Kymriah (CAR T-cell gene therapy) approved FDA
 Yescarta (CAR T-cell gene therapy) approved FDA
 Luxturna (gene therapy virus) approved FDA

2018
 Kymriah (CAR T-cell gene therapy) MAA submitted EMA
 Yescarta (CAR T-cell gene therapy) MAA submitted EMA
 Luxturna (gene therapy virus) MAA submitted EMA



A new vocabulary:  CAR T cells!

6
Chimeric antigenic receptor 

(CAR)

B-cell cancers 
express CD19

anti-CD19
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1. Understanding the Basics
 Painting the terminology landscape for 

the products under Advanced Therapy          
(i.e., ATMP, CGTP, HCT/P, RMAT) 

 Introduction to the risk-based phase-
appropriate GMP & Quality approach 
for ATMPs

Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs
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Recombinant Proteins (140+)

Monoclonal Antibodies (80+)

1980              1990              2000              2010              2020

(1)

(2)

Biosimilars (20+)(3)

The biological industry has experienced 
3 ‘waves’ of new product types in the past 30 years

all non-living proteins
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(ongoing debate in the industry over whether ATMPs are the 4th wave)

The 4th biopharmaceutical wave
living genetically engineered viruses and cells

(4)
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Consensus is building for this next wave ….
(according to EMA)

Over 180 medicines under clinical development 
have been designated as ATMPs by the European 
Committee for Advanced Therapies (CAT)

published May 2017
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(according to the FDA)

FDA www.ClinicalTrials.gov – 500+ active gene 
therapy trials listed 

Over 75 chimeric antigen receptor (CAR) T-cell 
active INDs on file with the FDA – 2 already 
approved for the market (Novartis, Kite Pharma)

21st Century Cures Act of 2016 – expedited FDA 
review and approval for regenerative medicine 
advanced therapies (RMATs)
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Terminology Landscape

ADVANCED THERAPY MEDICINAL PRODUCT (ATMP)

European Medicines Agency (EMA)

U.S. Food and Drug Administration (FDA)
ANALOGOUS BIOLOGICAL PRODUCT

HUMAN CELLS, TISSUES AND CELLULAR 
AND TISSUE-PRODUCT (HCT/P)

CELLULAR AND GENE THERAPY (CGT) PRODUCT

GENE THERAPY PRODUCT, SOMATIC CELL THERAPY PRODUCT, 
TISSUE ENGINEERED PRODUCT

REGENERATIVE MEDICINE ADVANCED THERAPY (RMAT) PRODUCT
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Advanced Therapy Medicinal Products 
(ATMPs)

Regulation (EC) No 1394/2007 

(legal definition of ATMPs)
(Committee for Advanced Therapies, CAT, 

classification and review of ATMPs)
(Member state – hospital exemption)

European Medicines Agency (EMA)
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ATMPs are …
(1) Gene Therapy Medicinal Products

(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 therapy medicinal products shall not
include vaccines against infectious diseases”



15

In vivo gene therapy 

direct gene insertion 

(typically by use of viruses)



16

UniCure YouTube
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FDA/EMA 
2015   
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1 2

3 4
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Voretigene neparvovec
employs an AAV2 vector 
as a delivery vehicle for 
an expression cassette

encoding normal 
human RPE65



20

Ex vivo gene therapy          gene insertion 
via virus transduction of isolated patient cells
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Novartis  YouTube
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ATMPs are …
(2) Somatic Cell Therapy Medicinal Products

(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 
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‘Substantial Manipulation’ is …

The cells or tissues are manipulated during the 
manufacturing process so that their biological 

characteristics, physiological functions or 
structural properties are modified to be relevant 

for their intended function; e.g., 
− Cell expansion by cell culturing
‒ Genetic modification of cells
− Differentiation/activation with growth factors
− Enzymatic digestion of tissue to release cells
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‘Not Substantial Manipulation’ is …

− cutting
− grinding
− shaping
− centrifugation
− soaking in antibiotic or 

antimicrobial solutions
− sterilization

− irradiation
− cell separation
− concentration/ purification
− filtering
− lyophilization
− freezing
− cryopreservation
− vitrification
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somatic cell therapy
Suicide gene inserted into T-cells so that 

they can be rapidly killed should they turn 
and cause graph vs host disease (GvHD)
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ATMPs are …
(3) Tissue Engineered Products

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

“Tissues that are exclusively non-viable are excluded”
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(due to substantial manipulation)
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ATMP also …

Regulation (EC) No 1394/2007

‘Combined advanced therapy medicinal product’ – an ATMP that 
incorporates, as an integral part of the product, one or more 
medical devices within the meaning of Article 1(2)(a) of Directive 
93/42/EEC or one or more active implantable medical devices 
within the meaning of Article 1(2)(c) of Directive 90/385/EEC

A product which may fall within the definition of 
– a somatic cell therapy medicinal product or 

a tissue engineered product, and
– a gene therapy medicinal product, 

shall be considered as a gene therapy medicinal product

A product which may fall within the definition of 
– a tissue engineered product, and 
– a somatic cell therapy medicinal product,

shall be considered as a tissue engineered product
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Cellular and Gene Therapy Products 
(CGTPs)

Public Health Service (PHS) Act 1944
(biological product legal definitions)

Title 21 Code of Federal Regulations (CFR) Part 1271
(Human Cells, Tissues, and Cellular 

and Tissue-based Products HCT/Ps)

506(g) of the Food, Drug, & Cosmetic (FD&C) Act
(RMAT designation)

U.S. Food and Drug Administration (FDA)
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Public Health Service (PHS) Act 1944
(last revision 2009)

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

allergenic product, protein (except any chemically 
synthesized polypeptide), or analogous product . . . 

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

Gene-based (if from a biological origin) and cell-based 
medicines are under the category of ‘analogous products’ 
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CGT Products are …

(1) Gene Therapy Products

Biological products that mediate their effects by 
transcription and/or translation of transferred genetic 
material and/or by integrating into the host genome 
and that are administered as nucleic acids, viruses, 
or genetically engineered microorganisms – direct 
administration or by ex vivo gene-modified cells

same definition as EMA, 
except FDA considers vaccines for infectious 
diseases (e.g., plasmid DNA) as gene therapy 
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CGT Products are …

(2) Cellular Therapy Products

Biological products that mediate their effects 
through the pharmacological, immunological or 

metabolic action of somatic cells

– autologous (same patient) 
– allogeneic (different patients)

similar definition as EMA
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EMA FDA*
Cells subject to 

substantial manipulation
Cells must be more than 
minimally manipulated

or and/or

Cells not intended to be 
used for the same 

essential functions in the 
recipient and donor

Cells not intended for 
homologous use 

(i.e., does not perform 
the same function in the 
recipient as in the donor)

* Human Cells, Tissues, and Cellular and 
Tissue-Based Products (HCT/Ps)

• If cells meet at least 1 of these 2 requirements, they are 
considered biological products under PHS Act, section 351a

• If cells do not meet at least 1 of these 2 requirements, they are 
not considered biological products – but come under section 361 
(e.g., organ transplant, tissue grafting, etc.) 
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Regenerative Medicine Advanced Therapy (RMAT)
“a cell therapy, therapeutic tissue engineering product, human cell and tissue 

product, or any combination product using such therapies/products”
(what’s in, what’s out – still under debate)



Regenerative Medicine Advanced Therapy (RMAT) Designation

35

Breakthrough 
Therapy Designation

Regenerative Medicine Advanced 
Therapy Designation
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CONFUSED!

HCT/P

ATMP

substantial 
manipulation

more than 
minimal 

manipulation

not intended for 
homologous use

not the same 
essential function

CGTP

analogous 
product

RMAT
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Ask EMA
Committee for Advanced Therapies (CAT)

EMA ATMP website 
www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_

content_000294.jsp&mid=WC0b01ac05800241e0
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Ask FDA

Office of Tissues and Advanced Therapies 
(OTAT)

FDA OTAT website  
www.fda.gov/BiologicsBloodVaccines/CellularGeneTherapyProducts/default.htm

FDA OTAT Learn
(video courses on how FDA handles CGTPs)

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

Center for Biologics Evaluation and Research (CBER)
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GMPs and Quality

GMPs and Quality are the 
REQUIREMENTS AND EXPECTATIONS

derived from the regulations and guidelines 
pertaining to the implementation of 

PRACTICES, STANDARDS AND CONTROLS 
in a manufacturing and/or testing facility 

that allows for the consistent production and/or testing 
of a quality product with the intended 

identity, purity, safety and potency characteristics
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Unsafe or poor quality 
medicines can harm patients

Patients cannot check the 
quality of their medicines

Patients expect their 
medicines to be safe and 
efficacious at time of use

GMPs and Quality – necessary to protect the patient! 
(facility, process, product, staff – “doing what is right”)



41(also referred to as ‘Graded Phase-Appropriate’ approach)

GMPs and Quality – risk-based approach
(needs to be practical and common sense)

 A risk-based approach focuses the product development 
on aspects that, directly or indirectly, may affect the safety 
and efficacy of the product 

 A risk-based approach does not mean doing less to 
ensure safety and efficacy but doing the right amount at 
the right time based on the understanding of the risks to 
product quality and patient safety

 A risk-based approach attempts to avoid non-value-added 
activities and focuses efforts on critical activities

 Thus, a risk-based development plan actually enhances 
safety in early phases, even when product understanding 
and resources may be limited 
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Illustration of 
“Phase Appropriate”

GMPs & Quality 



43

Phases 1 & 2 Clinical Trials of ATMPs
Manufacturing batch experience: limited

CMC impact on efficacy data: minimal

 Early stage of testing in human subjects
 Small group of patients (10 - 100)

 not healthy volunteers like protein-based medicines

 Assess product safety, pharmacodynamics (PD), 
proof of concept, dose and indication refinement 

Example
Amgen’s IMLYGIC

Phases 1/2:  83 patients
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Phase 3 (Pivotal) Clinical Trials of ATMPs
Manufacturing batch experience: extensive

CMC impact on efficacy data: significant

Performed with 
largest groups 
(>100’s)

Designed to 
confirm efficacy 
and monitor 
adverse reactions 
(safety) during 
longer-term use

Demonstrate 
potential 
advantages of the 
new therapy over 
therapies already 
on the market

Example
Amgen’s IMLYGIC

Phase 3:  436 patients*

* 64 clinical sites 
(USA, UK, South 
Africa, Canada)
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1.  Understanding the Basics

?QUESTIONS?
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2. Major Differences, and the GMP and Quality 
Risk Consequences, Between Protein-based 
and Gene/Cell-based Medicines
 Living viruses/cells are not proteins

 Risk assessment of the major differences, and 
impact on ATMPs during clinical development 

Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs
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‘Regulatory expectations for development of cell and gene 
therapy products (CGTP) are no different than those 

pertaining to traditional biologic products in this regard.

Prospective science and a risk-based approach to product 
development of CGTP can increase the assurance of quality 

in the manufacture of CGTP just as it does for other biologics.

By appropriately characterizing the risks and understanding 
how these risks influence or impact quality attributes 

of the products, a CGTP developer can effectively 
design a robust manufacturing control strategy 

and reliably ensure product quality’ 

PDA TR Cell-Based Therapy Control Strategy  
(upcoming TR)
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A robust manufacturing process is needed for these products!

YESCARTA is a CD19-directed 
genetically modified autologous 
T cell immunotherapy indicated 

for the treatment of adult 
patients with relapsed or 

refractory large B-cell lymphoma 
after two or more lines of 

systemic therapy 
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Comparison Recombinant 
Proteins & MAbs

ATMPs
(CGTPs)

Product 
Type

Non-living 
biopharmaceuticals

Living 
biopharmaceuticals

Link to Clinician 
and Patient

Pressure on 
Manufacturing

Batch 
Traceability

Manufactured 
Batch Size

Product 
Characterization

QC 
Testing

QA 
Batch Disposition

Major GMP & Quality Differences Between Biopharmaceutical Types
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GMP & Quality Different Risks

 Viruses and cells must be kept alive!  24/7     Not proteins

 Very high threat of adventitious agent (e.g., virus, 
mycoplasma, microbes) contamination due to so many 
manual manipulations and inability of filtration!     Protein 
processes are more closed and can be sterile filtered 

 “Cell therapy products have unique complexities due to the 
dynamic nature of living cells. For example, cells may present 
a variety of molecules on their membranes and express a 
variety of factors. These molecules and factors may be 
affected by the microenvironment and change over time.” 
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While protein-based biopharmaceuticals are complex, 
they are no where as complex as cells!

non-living product
2 nm size
single protein 

(possible 2 or 3 functional activities)

living product
20 μm size
18K+ functionally active proteins
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Comparison Recombinant 
Proteins & MAbs

ATMPs
(CGTPs)

Product 
Type

Non-living 
biopharmaceuticals

Living 
biopharmaceuticals

Link to Clinician 
and Patient

Batch independent of 
specific patients

Batch dependent upon 
clinician and patient

Pressure on 
Manufacturing

None, as long as 
adequate inventory

Patient could die 
if batch not available

Batch 
Traceability

All released batches 
comparable

Wrong batch 
can kill patient

Manufactured 
Batch Size

Product 
Characterization

QC 
Testing

QA 
Batch Disposition

Major GMP & Quality Differences Between Biopharmaceutical Types
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Timing, traceability and manufacturing success – all critical to the patient!
‘vein to vein’

GMP & Quality Different Risks

T 0 T 14 
days

Process steps every other day
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Comparison Recombinant 
Proteins & MAbs

ATMPs
(CGTPs)

Product 
Type

Non-living 
biopharmaceuticals

Living biopharmaceuticals

Link to Clinician 
and Patient

Batch independent 
of specific patients

Batch dependent upon 
clinician and patient

Pressure on 
Manufacturing

None, as long as 
adequate inventory

Patient could die 
if batch not available

Batch 
Traceability

All released batches 
comparable

Wrong batch 
can kill patient

Manufactured 
Batch Size

1 batch can serve 100’s 
or more patients

1 batch 
serves 1 patient

Product 
Characterization

Extensive analytical 
and bioassay tools

Limited

QC 
Testing

Adequate samples 
and testing available

Limited sample size 
and testing available

QA 
Batch Disposition

Completed prior 
to batch release

All testing may not be 
complete prior to admin

Major GMP & Quality Differences Between Biopharmaceutical Types
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1) Recombinant Proteins & 
Monoclonal Antibodies

2) Gene Therapy Vectors   
(DNA plasmids, genetically-
engineered viruses)

3) Autologous Cell-Based 
Medicines

4) Autologous Gene Therapy 
Cell-Based Medicines

1 batch = 
100’s or more
patient doses

1 batch = 
1 

patient dose

(challenge to control all sources of variability 
when each batch is a different ‘product’)

GMP & Quality Different Risks
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The new manufacturing facility 
has more of a research lab feel

Protein bioreactor Cell therapy handling
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Need more protein – just scale up!

360,000L of biomanufacturing capacity (24 x 15,000 L)
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Need more patient cell batches – scale out!
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Comparison Recombinant 
Proteins & MAbs

ATMPs
(CGTPs)

Product 
Type

Non-living 
biopharmaceuticals

Living biopharmaceuticals

Link to Clinician 
and Patient

Batch independent 
of specific patients

Batch dependent upon 
clinician and patient

Pressure on 
Manufacturing

None, as long as 
adequate inventory

Patient could die 
if batch not available

Batch 
Traceability

All released batches 
comparable

Wrong batch 
can kill patient

Manufactured 
Batch Size

1 batch can serve 100’s 
or 1000’s of patients

1 batch 
serves 1 patient

Product 
Characterization

Extensive analytical 
and bioassay tools

Limited

QC 
Testing

Adequate samples 
and testing available

Limited sample size 
and testing available

QA 
Batch Disposition

Completed prior 
to batch release

All testing may not be 
complete prior to admin

Major GMP & Quality Differences Between Biopharmaceutical Types
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‒ Majority of test methods use complex 
technologies (flow cytometry, qPCR, 
cell-based bioassays)

‒ Restrictions of test samples (matrix 
interference, patient variability)

‒ Restrictions on test methods (limited 
sample volume, rapid methods 
required, method robustness)

‒ QA systems to release batch within 
hours or days (not months – proteins)
(deviation management, 

batch record closeout, CofA completion)

Plenty of pressure on the Quality Unit!

GMP & Quality Different Risks
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2.  GMP & Quality risks due 
to product differences

?QUESTIONS?
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3. Regulatory Authority Expectations
 EC/EMA/FDA expectations for the rapidly 

developing Advanced Therapy field

 Recommendations for a risk-based 
approach to ATMP GMPs and Quality 

Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs
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Challenge of regulatory authorities to keep pace with 
the rapidly developing field of Advanced Therapies

SOMATIC CELL THERAPY

Somatic cells taken from 
patient by clinician

↓
‘substantial manipulation’ 

by manufacturer
↓

Cells administered back to 
same patient by clinician

in vivo 
genome editing

(future)
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Regulatory guidance on GMPs & Quality for ATMPs 

 ‘What should be done to protect the patients’
‒ basically adapted from GMP & Quality principles of 

the protein-based biopharmaceuticals

 ‘How to accomplish this necessary patient 
protection across the manufacturing and 
quality of the many types of ATMPs’ 
‒ little by little coming out
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Market 
Approved 

Regulatory Authority ATMP GMPs & Quality 
currently available guidance

EC Guidelines on GMP Specific to ATMPs  (2017)

FDA CGMP for 
Phase 1 (2008)

EC GMP Annex 2 
–Manufacture of 
Biologicals 2012)

Clinical Development Phases

Phases 1-3 or expedited
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Some Other EMA Recommendations on GMPs & Quality for ATMPs

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

EMA Guideline on the Quality, Non-
Clinical & Clinical Aspects of 

Gene Therapy Medicinal Products 2015

CMC information that needs 
to be obtained or controls 

put into place during 
clinical development

and then included in a 
market application dossier 

(Module 3)

EMA Guideline on the Quality, 
Non-Clinical & Clinical Aspects of 

Medicinal Products Containing 
Genetically Modified Cells 2012

Seeking 
Market 

Approval 

Clinical Development Phases

Phases 1-3 or expedited
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FDA GfI Content & Review of CMC Information 
for Human Somatic Cell Therapy INDs 2008

FDA GfI Content & Review of CMC Information 
for Human Gene Therapy INDs 2008

FDA GfI Potency Tests for Cellular & 
Gene Therapy Products 2011

Some Other FDA Recommendations on GMPs & Quality for ATMPs

Seeking 
Market 

Approval 

Clinical Development Phases

Phases 1-3 or expedited

CMC information that needs to be obtained or controls put 
into place during clinical development

and then included in a market application dossier (Module 3)
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 Guidance specific for ATMPs

 Guidance applicable for ATMP manufacturing and 
testing across all clinical development phases, as 
well as market approved 

See Reference 1
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Terminology used in the guidance
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General Principles of GMPs & Quality for ATMPs
(look at Reference 1 – section 1.2)

1.

2.

3.

4.

5.

List 5 fundamental GMPs and/or Quality principles for ATMPs:

Are any of these different from protein-based medicinal products?
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3 reasons why a risk-based approach (RBA) 
is needed for ATMP GMPs & Quality

(1)  Due to ATMP complexity and manufacturing constraints
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(2)  Due to ATMP rapid technological change and sites of mfg

(hospital exemption)
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(3)  Due to needed flexibility for ATMPs
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3 principles of a risk-based approach (RBA) 
for ATMP GMPs & Quality

(1)  RBA is universal in ATMP application
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(2)  RBA sometimes means doing more!
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(3)  RBA identifies and then focuses on the 
major safety and quality risks to the patient
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RBA for Investigational ATMPs
(look at Reference 1 – section 2.20-2.24)

1.

2.

3.

4.

5.

List 5 points in the application of a RBA for investigational ATMPs:

Are any of these different from protein-based medicinal products?
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3 Personnel
4 Premises
5 Equipment
6 Documentation
7 Starting & Raw Materials
8 Seed Lot & Cell Bank
9 Production
10 Qualification & Validation

11  QP & Batch Release
12 Quality Control
13 Outsourced Activities
14 Quality Defects & Recalls
15 Environmental Controls GMOs
16 Reconstitution
17 Automated Production

Illustration of RBA for 
Investigational ATMP GMPs & Quality

(Unless specifically called out for investigational ATMPs, these 
GMPs apply to both investigational and authorized ATMPs)
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Section 3  Personnel

The ATMP manufacturer should have an adequate number of personnel 
with appropriate qualifications and adequate practical experience 
relevant to the intended operations.

All personnel involved in the manufacturing or testing of an ATMP should 
have a clear understanding of their tasks and responsibilities, including 
knowledge of the product appropriate to the assigned tasks.

Responsibility for production and for quality control cannot be assumed 
by the same person. In small organisations, where teams are multi-skilled 
and trained in both quality control and production activities, it is 
acceptable that the same person is responsible for both roles 
(production and quality control) with respect to different batches. For any 
given batch, the responsibility for production and quality control of the 
batch must be vested on two different persons. Accordingly, it becomes 
particularly important that the independency of the quality control 
activities from the production activities for the same batch is clearly 
established through appropriate written procedures.
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FDA’s Viewpoint of Small Organization QC Flexibility
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Section 7  Starting & Raw Materials

The application of the risk-based approach requires that the 
manufacturer has a good understanding of the role of the raw 
material in the manufacturing process and, in particular, of the 
properties of the raw materials that are key to the 
manufacturing process and final quality of the product.

Additionally, it is important to take into account the level of risk 
of the raw material due to the intrinsic properties thereof (e.g. 
growth factors v. basic media, culture media containing 
cytokines v. basal media without cytokines, raw material from 
animal origin v. autologous plasma, etc.), or the use thereof in 
the manufacturing process (higher risk if the raw material 
comes into contact with the starting materials).

The quality of starting and raw materials is a key factor to 
consider in the production of ATMPs. Particular attention should 
be paid to avoiding contamination and to minimizing as much as 

possible the variability of the starting and raw materials.



83

Residual impurities found in ATMPs
(from FDA Package Insert of approved products)

Genetically engineered viruses

Genetically engineered cells
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Section 8  Seed Lot & Cell Bank

Following the establishment of cell banks and master and viral seed 
lots, quarantine and release procedures should be followed. Evidence 
of the stability and recovery of seeds and banks should be documented 
and records should be kept in a manner permitting trend evaluation. 

In the case of investigational ATMPs, a gradual approach is 
acceptable. Thus, preliminary stability data (e.g. from earlier phases of 
development or from suitable cell models) should be available before 
the product is used in a clinical trial, and the stability data should be 
built-up with real-life data as the clinical trial progresses.
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Section 9  Production

Production operations, including filling, packaging and -as applicable-
cryopreservation should follow clearly defined procedures designed 
to ensure the quality of the product, consistent production 
(appropriate to the relevant stage of development), and to comply with 
the requirements set in the relevant manufacturing and 
marketing/clinical trial authorization.

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.
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While investigational ATMPs should be manufactured in a facility with air 
quality requirements in accordance with the requirements set out in 
Sections 4.3.2 and 9.5, in case of investigational ATMPs in very early 
phase/proof of concept trials, it may be exceptionally possible to 
manufacture the product in an open system in a critical clean area 
of grade A with a background clean area of grade C if the
following (cumulative) conditions are met:

(i) A risk-assessment has been performed and demonstrated that the 
implemented control measures are adequate to ensure manufacture of 
the product of appropriate quality. In addition, the control strategy 
should be described in the investigational medicinal product dossier.
(ii) The product is intended to treat a life threatening condition where 
no therapeutic alternatives exist.
(iii) The relevant competent authorities agree (agreement of both the 
assessors of the clinical trial and the inspectors of the site).

This has been controversial with different NCAs
(Grade A with a background clean area of grade B)
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Section 10  Qualification & Validation

The strategy to process validation should be laid down in a document 
(“validation protocol”). The protocol should define (and justify as 
appropriate) the critical process parameters, critical quality attributes and 
the associated acceptance criteria based on development data or 
documented process knowledge.
It is generally accepted that, as a minimum, three consecutive batches 
manufactured under routine conditions constitute a validation of the 
process.

The limited availability of the cells/tissues which is typical for 
most ATMPs requires the development of pragmatic approaches. 
The approach to process validation should take into account the 
quantities of tissue/cells available and should focus on gaining maximum 
experience of the process from each batch processed. Reduced process 
validation should, where possible, be offset by additional in-process 
testing to demonstrate consistency of production:

Validation with surrogate materials (use of healthy donors)
Concurrent validation approaches
Validation Strategy for closely related products (platform approach)

Manufacturing Process
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The manufacturing process for investigational ATMPs is not 
expected to be validated but appropriate monitoring and control 
measures should be implemented to ensure compliance with the 
requirements in the clinical trial authorisation. Additionally, it is 
expected that the aseptic processes (and, where applicable, sterilising
processes) have been validated.

Process validation/evaluation data should be collected 
throughout the development. It is noted that for the clinical trial to 
be used in support of a marketing authorization application it is 
important to demonstrate that the manufacturing process of the 
investigational ATMP ensures consistent production.
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All analytical methods should be validated at the stage of marketing 
authorization application.

Investigational ATMPs 
During clinical development a gradual approach can be applied:
• First-in-man and exploratory clinical trials: Sterility and microbial 
assays should be validated. In addition, other assays that are intended 
to ensure patient's safety should also be validated (e.g. when retroviral 
vectors are used, the analytical methods for testing for replication 
competent retrovirus should be validated).
• Throughout the clinical development, the suitability of analytical 
methods used to measure critical quality attributes (e.g. 
inactivation/removal of virus and/or other impurities of biological 
origin) should be established but full validation is not required. Potency 
assays are expected to be validated prior to pivotal clinical trials.
• Pivotal clinical trials: Validation of analytical methods for batch 
release and stability testing is expected.

Analytical Test Methods
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FDA’s Viewpoint of Analytical Method Validation

Guidance for FDA Reviewers and Sponsors: Content and Review of 
Chemistry, Manufacturing, and Control (CMC) Information for Human Gene 

Therapy Investigational New Drug Applications (INDs); 2008 
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatory

Information/Guidances/CellularandGeneTherapy/ucm072587.htm
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FDA’s Viewpoint of Importance of the Potency Assay
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RBA in connection with the testing strategy
It is acknowledged that in some cases it may not be possible to perform 
the release tests on the active substance or the finished product, for 
example due to technical reasons (e.g. it may not be possible to perform 
the release tests on the combined components of certain combined 
products, time restrictions (i.e. the product needs to be administered 
immediately after completion of manufacturing), or when the amount of 
available product is limited to the clinical dose.
In these cases, an adequate control strategy should be designed. 
For example, consideration can be given to the following options:
• Testing of key intermediates (instead of the finished product) or in-
process controls (instead of batch release testing) if the relevance of the 
results from these tests to the critical quality attributes of the finished 
product can be demonstrated.
• Real time testing in case of short shelf-life materials/products.
• Increased reliance on process validation. When the scarcity of materials 
or the very short shelf-life limits the possibilities for release controls, the 
limitations should be compensated by a reinforced process validation (e.g. 
additional assays, such as potency testing or proliferation assays may be 
performed after batch release as supporting data for process validation). 

Section 12  Quality Control
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The following examples may also be considered:
• The application of the sterility test to the finished product in 
accordance with the European Pharmacopoeia (Ph. Eur. 2.6.1) may not 
always be possible due to the scarcity of materials available, or it may 
not be possible to wait for the final result of the test before the product is 
released due to short shelf-life or medical need. In these cases, the 
strategy regarding sterility assurance has to be adapted. For example, 
the use of alternative methods for preliminary results, combined with
sterility testing of media or intermediate product at subsequent (relevant) 
time points could be considered.
• The use of validated alternative rapid microbiological methods may 
also be considered. For example, sole reliance on alternative 
microbiological methods according to Ph. Eur. 2.6.27 may be acceptable 
when this is justified having regard to the specific characteristics of the 
product and the related risks, and provided that the suitability of the 
method for the specific product has been demonstrated.
• If the results of the sterility test of the product are not available at 
release, appropriate mitigation measures should be implemented, 
including informing the treating physician.
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• As cells in suspension are not clear solutions, it is acceptable to 
replace the particulate matter test by an appearance test (e.g. 
colour), provided that alternative measures are put in place, such as 
controls of particles from materials (e.g. filtration of raw material 
solutions) and equipment used during manufacturing, or the 
verification of the ability of the manufacturing process to produce 
low particle products with simulated samples (without cells).
• It may be justified to waive the on-going stability program for 
products with shorter shelf-life.
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FDA’s Viewpoint of GMPs at Phase 1 for ATMPs
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Take GMPs seriously during clinical development!
National Cancer Institute (NCI) facility shut down!
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National Cancer Institute (NCI) facility shut down update (2017)!
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Filling in the GMP & Quality Gaps for ATMPs

Commitments for future guidance

EMA/CAT (planned for 2018)

 Revision of the guideline on quality, non-clinical and clinical aspects of 
medicinal products containing genetically modified cells

 Development of a guideline on quality, non-clinical and where applicable 
clinical requirements for applications for clinical trials for ATMPs

 Development of a Questions and Answers document on comparability 
for ATMPs

 Reflection on regulatory status and consideration of the scientific 
requirements of medicines based on, or produced by means of gene 
editing technologies

 Consideration of the scientific requirements of gene therapy medicinal 
products based on AAVs 
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Filling in the GMP & Quality Gaps for ATMPs

Commitments for future guidance

FDA (planned for 2018 release)

 Draft GfI:  Chemistry, Manufacturing, and Control (CMC) Information 
for Human Gene Therapy Investigational New Drug Applications 
(INDs)

 Draft GFI:  Testing of Retroviral Vector-Based Gene Therapy 
Products for Replication Competent Retrovirus during Product 
Manufacture and Patient Follow-up

GfI – Guidance for Industry
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“Next, an example of the very same cellular 
therapy procedure when done correctly.”

101?QUESTIONS?

3. Regulatory Authority Expectations 
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4. Industry Practice in Applying ATMP  
GMPs and Quality 

 PDA Technical Reports (adapting TR 56; 
upcoming TR Cell-Based Therapy 
Control Strategy)

 Lessons learned about the “how” from 
the companies moving ATMPs forward 
in clinical development

Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs
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from non-living protein biopharmaceutical medicines 
to living virus/cell biopharmaceutical medicines! 

like sailing in 
‘uncharted waters’ 

Challenging to switch technical mindsets 



Application of Phase-Appropriate Quality Systems and CGMP 
to the Development of Therapeutic Protein Drug Substance

© 2012 Parenteral Drug Association
104

 Not a regulatory document
 ‘Industry best practices’ for protein-based APIs
 GMPs & Quality ‘why’ practices are adaptable to ATMPs

Easing into the ATMP space

2016 (R1)
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‘Risk-Based’
‘Phase-Appropriate’  



Application of Phase-Appropriate Quality Systems and CGMP 
to the Development of Therapeutic Protein Drug Substance

© 2012 Parenteral Drug Association
106

Graded, phase-appropriate GMP & Quality approach
(a time to begin, and a time to increase stringency)

CGMP principles should begin to be implemented in the 
early investigative stages when small amounts of protein product 

are produced for use in human studies. 

As more product batches are made to satisfy clinical testing requirements, 
and as product and process understanding is acquired, 

CGMP should be implemented with increasing stringency 
in order to ultimately establish readiness 

for commercial production. 



Application of Phase-Appropriate Quality Systems and CGMP 
to the Development of Therapeutic Protein Drug Substance

© 2012 Parenteral Drug Association
107

 Quality
 Facilities
 Equipment

 Materials
 Production
 Laboratory

See Reference 2
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But, a Major Caution!

 We can adapt existing GMPs & Quality requirements/expectations 
from the recombinant protein and monoclonal antibody 
biopharmaceutical industry
‒ The greatest value here is understanding the ‘why’ of what is done

 But in reality, the ‘how’ will require creative thinking, discussion and 
agreement between the developing ATMP industry and the 
regulatory authorities
‒ Example:  aseptic process simulation (so many manual interventions, 

so many back-and-forth activities in the same room, equipment not 
designed for operation in a sterile room environment)

“The process simulation test should follow as closely as possible the routine 
manufacturing process and it should be conducted in the same locations 
where the production occurs. The process simulation should focus on all

operations carried out by operators involving open process steps.”
EC ATMP GMP Guidelines  2017  (Section 9.5)
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PDA Technical Report – in progress

 Participants from over 10 companies involved with bringing 
these products through clinical development into the market

 Reviewed by regulatory authority thought-leaders and PDA 
member companies involved in this field

 Desire:  to represent a risk-based approach useful to the 
developing ATMP industry (much like TR56 is for proteins)
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 Purpose: highlights an approach for early-stage 
development based on established QbD elements (QTPP, 
CQA, CPP, etc.); proposes potential mitigation strategies 
for risks related to process or product and illustrates the 
design of a manufacturing control strategy for a product in 
early-phase clinical development

 Content: applies to autologous and allogeneic cell therapy 
applications, including cells with ex-vivo genetic 
modification   (Gene therapy vectors for in-vivo dosing, 
however, are not within the scope of this report, though 
some concepts may be applicable to their development)
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“Regulatory expectations for development of cell and gene 
therapy products (CGTP) are no different than those pertaining to 

traditional biologic products in this regard.” 

“Prospective science and a risk-based approach to product 
development of CGTP can increase the assurance of quality in 
the manufacture of CGTP just as it does for other biologics.” 

“By appropriately characterizing the risks and understanding how 
these risks influence or impact quality attributes of the products, 
a CGTP developer can effectively design a robust manufacturing 

control strategy and reliably ensure product quality” 
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created a case study 
based on a fictional 
autologous ex vivo 
cell therapy product
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Lessons learned about the “how” 
(from the companies moving ATMPs forward in clinical development)

114



115

Source 
Materials



116

‒ Every patient is different – so every patient is their 
own source material (autologous)

‒ Challenge of obtaining adequate quantity of patient 
cells (e.g., small biopsy samples, children-sourced)

‒ Variation of patient cell types and their concentrations 
across medical treatment regime

Patient cells are the source material for 
cell therapies and cell-based gene therapies

Protein-based biopharmaceuticals  →  MCB/WCB are source materials; 
well-characterized for ongoing production
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‒ Variability in cell type collection (apheresis)

Cell collection – a contributor to quality variation

1 blood enters centrifuge
2 Plasma
3 Leukocytes (e.g., T cells)
4 Erythrocytes (red blood cells)
5 Selected components drawn off



Cell collection inconsistency impacts CQAs

118
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‒ Obtained not by GMP training of hospital staff

‒ Obtained by auditing and educating hospital staff; and then 
the company certifying which clinical sites are acceptable

Minimizing inconsistency from cell collection

‒ Manufacturers take the extra step of further cell 
processing when received at their site to start with 
as consistent of the cell type as possible
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Master Cell Bank (MCB) for propagating the virus on cells; 
in order to lay down the Master Viral Seed (MVS) for production

MCB and MVS are also source materials for 
genetically engineered viruses (either used in 
direct injection or as a virus vector for cells)
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Manufacturing 
Process
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GMPs & Quality Applies to Virus Vectors!
(similar to protein manufacturing) Grey –

principles of 
GMP apply
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Key manufacturing 
process steps

genetically engineered 
virus

“There are 40 release tests in
place to ensure that each lot of 
voretigene neparvovec meets 
pre-defined criteria for safety,

purity, and potency.”

triple transfection 
of HEK293 cells

formulation includes inactive 
ingredients sodium chloride, sodium 

phosphate, and poloxamer 188 
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GMPs & Quality Applies to Cells!
(once cells are in the facility)

Grey –
principles of 
GMP apply
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Key manufacturing process steps
genetically engineered 

autologous cells

The product must pass a sterility test 
before release for shipping. 



126

Key manufacturing process steps
genetically engineered 

autologous cells

Kite Pharma    FDA Package Insert

Compare with the previous T cell process – how similar?
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‒ Timeliness of initiating manufacturing process (must closely 
coordinate with clinical manager)

‒ Patient (product) traceability through manufacturing process 
(1 batch = 1 patient)

‒ Slow cell growth which limits batch supply (frequently just 
enough for patient + small amount left over for required QC 
testing and development assessment)

‒ Timeliness of completing manufacturing process – patients 
depending upon ‘their product’

GMPs & Quality challenges of the manufacturing process 
specific for autologous genetically engineered cells
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‒ Protection of production staff from biohazard materials 
(patient cells, virus vectors)

‒ Risk assessment control over raw material sources for 
variation and impurities (no chromatography, primarily 
washing – ‘what goes in, stays in’)

‒ Assessment of manufacturing process parameters on 
impact of product critical quality attributes (CQAs)

‒ Completion of release tests prior to patient administration 
for short-lived, non-frozen cells

Thankful that today the following exists for these products:
• sterile single use components
• modular facility design
• rapid microbiological methods (RMMs)
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ATMP Facility Design YouTube
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The ATMP 
Products
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All Possible Test Methods 
Available to Use 

Product 
Characterization 

Knowing the 
Product

Flow of Knowledge About the Product Through Testing

The Tool Box
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Product characterization is a journey

Biopharmaceutical
Characterization 

Requirement
Status of 

Characterization 
Tools

Recombinant 
Proteins & 
Monoclonal 
Antibodies

Carried out during 
clinical development

↓

‘Thorough’ 
‘Comprehensive’ 

‘Extensive’
for market approval 

Well developed 

Biosimilars
(rProteins & MAbs)

For these biopharmaceuticals, the advancement in 
analytical characterization tools has been astounding!



Biosimilar proteins illustrate ‘thorough’ characterization today

Quality Attribute
Recombinant Fusion Protein (etanercept)

Innovator:  Amgen (Enbrel)
Biosimilar: Sandoz (Erelzi)

Monoclonal Antibody (TNF blocker)
Innovator:  Abbvie (Humira)
Biosimilar: Amgen (Amjevita)

Primary Structure

 Peptide mapping with ultraviolet (UV) and 
mass spectrometry (MS) detection (reduced)

 Amino acid analysis
 Intact molecular mass (MALDI‐TOF‐MS)
 Mass analysis of peptides (EIS‐MS)
 Post‐translational modification (MS/MS)
 Peptide mapping coupled with tandem mass 
spectrometry (MS/MS)

 Disulfide bridging (non‐red peptide mapping)
 Free cysteines

 Peptide mapping with ultraviolet (UV) 
and mass spectrometry (MS) 
detection (reduced and non‐reduced)

 Amino acid analysis
 Intact molecular mass (LC‐MS)
 Reduced and deglycosylated
molecular mass (LC‐MS)

Higher Order Structure

 Far and near UV circular dichroism
 FT‐Infrared
 Differential scanning calorimetry
 Hydrogen/deuterium exchange
 1D‐NMR
 X‐ray crystallography

 Near UV circular dichroism
 FT‐Infrared
 LC‐MS (disulfide bond 
characterization)

 Differential scanning calorimetry

Functional (Therapeutic) 
Biological Activity

 Apoptosis inhibition bioassay
 TNF‐α and TNF‐β neutralization assay 
reporter gene assays

 Surface plasmon resonance
 Binding assays for Fc
 Binding affinity assays for Fc
 Binding assay for C1q
 ADCC bioassay
 CDC bioassay

 Apoptosis inhibition bioassay
 ELISA binding assay
 Cell‐based binding assay
 Binding assays for Fc
 CDC and ADCC bioassay
 Inhibition of induced IL‐8 bioassay
 Specificity against LTα bioassay
 Inhibition of induced cell death
 Inhibition of induced chemokines
 Inhibition of T‐cell proliferation 133
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Peaks A, C, D, E –
major glycoforms

Peak B –
sodium adduct

134

Intact molecular mass 
~15,000 Da

(information obtained from FDA Advisory Committee briefing documents)
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Product characterization is a journey

Biopharmaceutical
Characterization 

Requirement
Status of 

Characterization 
Tools

Recombinant Proteins & 
Monoclonal Antibodies

Carried out during 
clinical development

↓

‘Thorough’ 
‘Comprehensive’ 

‘Extensive’
for market approval 

Well developed 
Biosimilars 

(rProteins & MAbs)

Genetically Engineered 
Viruses

Developed

Genetically Engineered 
Cells

Under 
development

For cells especially, the advancement in characterization tools is 
probably about 10 years behind protein characterization tools!
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Regulatory expectation for characterization
Genetically Engineered 

Viruses
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Case examples of characterization of genetically engineered viruses
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Genetically Engineered 
Cells Regulatory expectation for characterization
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Case examples of characterization of genetically engineered cells
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Challenging characterization of cells

IDENTITY OF CELLS
 Currently, identity for cell-based 

products is poorly understood

 Typically, it is demonstrated 
through the presence or 
absence of cell surface markers 
identified by flow cytometry. 

 This approach may miss other 
informative markers whose 
expression varies during 
production or because of 
process changes

POTENCY OF CELLS
 Cells often act through 

multiple modes of action

 One single potency assay 
may not suffice, resulting in 
an assay matrix approach

 Potency assays take 
considerable time and 
effort to develop, qualify 
and eventually validate
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All Possible Test Methods 
Available to Use 

Product 
Characterization 

Release 
Testing

Stability 
Testing

Knowing the Product

Flow of Knowledge About the Product Through Testing

The Tool Box

Consistency of 
the Product
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Case Example: Genetically-engineered virus release testing



146FDA
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Case Example: Cell therapy CQAs
(release testing)

PDA TR Cell-Based Therapy 
Control Strategy
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Case Example: Genetically-engineered T-cells release testing
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Virus is 
injected into 
the patient

Administered to 
the Patient



U.S FDA Package Insert       Patient Administration
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Prepare LUXTURNA within 
4 hours of administration 
using sterile technique 

under aseptic conditions in 
a Class II vertical laminar 

flow biological safety 
cabinet (BSC). 

Genetically Engineered Virus



A single dose of KYMRIAH may contain up to 2.5 x 108 CAR-positive 
viable T cells provided in a patient-specific infusion bag

U.S FDA Package Insert       Patient Administration
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Genetically Engineered Cells
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 ATMPs are much less well known to regulatory reviewers than 
protein-based medicines – limited regulatory precedents

 Put yourself in their shoes – ‘do no harm’

 But there always needs to be a balance between regulatory 
expectations and manufacturer’s risk

GMP & Quality Challenges
Managing regulatory authority conservatism 
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If in doubt, 
seek regulatory authority advice!

Committee for Advanced Therapies (CAT) Certification

SAWP/CAT Scientific Advice

PDUFA Type A, B, C Meetings
Center for Biologics Evaluation and Research (CBER)

Office of Tissues and Advanced Therapies (OTAT)
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Crystal ball  YouTube



 ATMPs are the next wave of new medicines; they are more highly 
complex medicines than proteins, as well as living medicines

 Phase-appropriate GMP & Quality are critical for patient safety 

Practical Application of Phase-Appropriate 
GMPs & Quality to Clinical Development of ATMPs

Summary
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