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Course Outline

1. Quick Overview of ATMPs (CGTPs)  
 Critical terminology landscape (e.g., CAT, OTAT, RMAT)
 Diversity of ATMPs challenge the application of GMPs and Quality

2. ATMP GMPs and Quality Risk Consequences
 Necessity of a risk-based approach
 Limitations of adapting from guidelines for rproteins and mAbs

3. ATMP GMPs and Quality Specific Guidelines During 
Clinical Development
 EMA/FDA
 PDA and industry practice

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

Goal
not just give a list of what to do or not to do, 
but how to approach/think about what to do, 
for these diverse type of medicinal products!
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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 
biopharmaceutical recombinant proteins and monoclonal antibodies

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

 Immediate Past 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 (ATMP) 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 ....     
 My experience with ATMPs is ….
 My interest in taking this course is ….

Who are you?
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What a difference a year has made for ATMPs!
(since course taught last June at this conference)

2017/2018 market approved

 Kymriah (cancer treatment CAR T-cell gene therapy)        FDA/EMA
 Yescarta (cancer treatment CAR T-cell gene therapy)       FDA/EMA
 Luxturna (vision restoration gene therapy virus) FDA/EMA

2018/2019

To eliminate blood 
transfusions due to 

severe anemia



ATMPs becoming a 
game-changer in 

the industry 
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~$12 billion

~$5 billion

~$1 billion



6

1. Quick Overview of ATMPs (CGTPs)
 Critical terminology landscape for 

these products 
‒ ATMP, CAT, CGTP, OTAT, RMAT, …

 Diversity of ATMPs challenge the 
application of GMPs and Quality

Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs
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Biopharmaceutical advances have come in ‘waves’!

Wave 2: monoclonal antibodies

Wave 3: biosimilars

Wave 1: recombinant proteins

Wave 4:  ATMPs
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WAVES 1, 2 and 3

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

that can then produce the 
specific protein/mAb

Recombinant protein/mAb
isolated, purified, formulated 

for human administration
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Recombinant Proteins (140+)
fusion proteins (Fc), PEG

Monoclonal Antibodies (100+)
ADCs, bispecific

1980              1990              2000              2010              2020

(1)

(2)

Biosimilars (30+)(3)

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

ALL non-living proteins
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Transfer of new genetic capability into or
manipulation of existing genetic capability in

living human cells

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

WAVE 4

Patient’s human cells produce 
the desired gene product – ‘cure’
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Regulatory authority consensus: 
‘a big wave’!

Over 200 medicines under clinical development 
have been designated as ATMPs

published May 2018
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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
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Critical ATMP Terminology Landscape

ADVANCED THERAPY MEDICINAL PRODUCT (ATMP)

European Medicines Agency (EMA)

U.S. Food and Drug Administration (FDA)

ANALOGOUS BIOLOGICAL PRODUCT

CELLULAR AND GENE THERAPY PRODUCT (CGTP)

REGENERATIVE MEDICINE ADVANCED THERAPY (RMAT) DESIGNATION

COMMITTEE ON ADVANCED THERAPIES (CAT)

OFFICE OF TISSUES AND ADVANCED THERAPIES (OTAT)
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Advanced Therapy Medicinal Products 
(ATMPs)

Regulation (EC) No 1394/2007 

(legal definition of ATMPs)
(member state – hospital exemption)

European Medicines Agency (EMA)

Committee for Advanced Therapies (CAT) 
classification, review of ATMPs
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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 

‘vaccines against infectious diseases’ - excluded
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UniCure YouTube

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

to treat vision loss      FDA/EMA approved 2017/2018  

Living virus (gene replacement) – in vivo



RPE65 gene produces a protein necessary in the cycle for vision

Direct injection of live virus into eye to replace defective gene 18
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Novartis KYMRIAH 
Gilead/Kite YESCARTA   

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

FDA/EMA approved 2017/2018  

Living genetically engineered cells – ex vivo



2020

new gene produces a protein 
that binds to CD19

20
patient’s T-cell
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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 

FDA: ‘not for homologous use’

FDA: ‘more than minimal manipulation’
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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
− Differentiation/activation with growth factors
− Enzymatic digestion of tissue to release cells

‘Not Substantial Manipulation’ is …

− cutting
− grinding
− shaping
− centrifugation
− sterilization

− irradiation
− cell separation
− concentration
− freezing
− cryopreservation
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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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Cellular and Gene Therapy Products 
(CGTPs)

Office of Tissues and Advanced Therapies
(OTAT, with CBER)

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

Regenerative Medicine Advanced Therapy
(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’ 

chemically synthesized DNA or RNA products are chemical 
drugs – Alnylam’s Onpattro [small-interfering (si) ds RNA, lipid]
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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

27

Breakthrough 
Therapy Designation

Regenerative Medicine Advanced 
Therapy Designation
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CONFUSED!

ATMP

substantial 
manipulation

more than minimal 
manipulation

CGTP

analogous 
product

RMAT

? QUESTIONS ?
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2. ATMP GMPs and Quality Risk Consequences
 Necessity of a risk-based approach

 Limitations of adapting from guidelines for 
recombinant proteins and monoclonal 
antibodies (mAbs)

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

30
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(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 process and 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 clinical study phases, even when product 
understanding and resources may be limited 
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Availability of regulatory guidance 
on CMC and/or GMPs

Recombinant Proteins
Monoclonal Antibodies
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RISK-BASE APPROACH

Adapt from existing 
regulatory guidances

But, must factor in 
significant differences 

between proteins and cells
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Comparison Recombinant 
Proteins & mAbs

ATMPs
(CGTPs)

Product 
Type

Non-living medicine
(proteins)

Living medicine
(virus and/or cells)

GMPs & Quality 
Difference in Risks
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GMPs & Quality Different Risks – Due to Type of Product

 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 automated, 
and product 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 living cells!

non-living medicine
~2 nm size
single protein 

(possible 2 or 3 functional activities)

living medicine
~10 μm size
18K+ functionally active genes (proteins)

(not known how they interact)
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Comparison Recombinant 
Proteins & mAbs

ATMPs
(CGTPs)

Product Type Non-living medicine
(proteins)

Living medicine
(virus and/or cells)

Link to Clinician 
and Patient

Batch independent of 
specific patients

Batch dependent upon 
clinician and patient 

(traceability)
Pressure on 

Manufacturing
None, as long as 

adequate inventory
Patient could die 

if batch not available

GMPs & Quality 
Difference in Risks
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Timing, traceability and manufacturing success – ALL critical to the patient!

T 0 T 14

cell manipulations every other day

GMPs & Quality Different Risks – Link to Clinician/Patient

‘vein to vein’

Genetically 
engineered virus 
to add a gene to 
the human cells
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Comparison Recombinant 
Proteins & mAbs

ATMPs
(CGTPs)

Product Type Non-living medicine
(proteins)

Living medicine
(virus and/or cells)

Link to Clinician 
and Patient

Batch independent 
of specific patients

Batch dependent upon 
clinician and patient

(traceability)
Pressure on 

Manufacturing
None, as long as 

adequate inventory
Patient could die 

if batch not available

Manufactured 
Batch Size

1 batch serves 
100’s or more patients

1 batch serves
1 patient

Batch 
Inventory

All released batches 
comparable

Wrong batch 
can kill patient

GMPs & Quality 
Difference in Risks



39

1) Recombinant Proteins & 
Monoclonal Antibodies

2) Gene Therapy DNA/RNA 
Plasmids, Genetically-
Engineered Viruses

3) Allogeneic Cells

4) Autologous Cellular Therapy 
(significantly manipulated)

5) 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’)

GMPs & Quality Different Risks – Specificity of Product Batch
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The new ATMP manufacturing facility 
has more of a ‘research lab feel’

rProtein manufacture Cell therapy manufacture



41

Need more protein medicine – 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 medicines Living medicines

Link to Clinician 
and Patient

Batch independent 
of specific patients

Batch dependent upon 
clinician and patient

(traceability)
Pressure on 

Manufacturing
None, as long as 

adequate inventory
Patient could die 

if batch not available
Manufactured 

Batch Size
1 batch serves 

100’s or more patients
1 batch serves

1 patient
Batch 

Inventory
All released batches 

comparable
Wrong batch 

can kill patient

Product 
Characterization

Extensive analytical 
and bioassay tools Limited

QC Testing Adequate samples and 
test methods available

Limited samples; urgency 
to complete testing

QA Batch 
Disposition

Completed prior 
to batch release

Decision within 
‘patient window’

GMPs & Quality 
Difference in Risks
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‒ Majority of QC 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)

‒ QA systems to release batch within 
days (not months – proteins)
(CAPA, batch record closeout, 
CofA completion)

GMPs & Quality Different Risks – Pressure on the Quality Unit
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Comparison Recombinant 
Proteins & mAbs

ATMPs
(CGTPs)

Product Type Non-living medicines Living medicines

Link to Clinician 
and Patient

Batch independent 
of specific patients

Batch dependent upon 
clinician and patient

(traceability)
Pressure on 

Manufacturing
None, as long as 

adequate inventory
Patient could die 

if batch not available
Manufactured 

Batch Size
1 batch serves 

100’s or more patients
1 batch serves

1 patient
Batch 

Inventory
All released batches 

comparable
Wrong batch 

can kill patient
Product 

Characterization
Extensive analytical 
and bioassay tools Limited

QC Testing Adequate samples and test 
methods available

Limited samples; urgency to 
complete testing

QA Batch 
Disposition

Completed prior 
to batch release

Decision within 
‘patient window’

GMP Safety Must follow GMPs, from FIH onwards

GMPs & Quality 
Difference in Risks
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Take GMPs seriously during clinical development!
National Institutes of Health (NIH) in violation of GMPs!

GMPs & Quality Different Risks – Patient Safety for FIH!
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FDA Warning Letter to the NIH
GMP violations at Clinical Phases 1 and 2
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National Cancer Institute (NCI) facility for gene therapy products 
also later found to be in violation of GMPs during the NIH review
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National Cancer Institute (NCI) facility shut down update (2017)!



50
GMP lesson learned!
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sometimes can feel like sailing in ‘uncharted waters’ 

GMPs & Quality for live viruses and cells 
are similar yet different than for protein medicines

Challenging to switch a ‘technical mindset’!

? QUESTIONS ?
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3. ATMP GMPs and Quality Specific 
Guidelines During Clinical Development
 EMA/FDA guidelines for the rapidly 

developing ATMP field

 PDA guidance and industry practice

Practical Application of 
Phase-Appropriate GMPs & Quality
to Clinical Development of ATMPs
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Increasing availability of regulatory guidance 
on ATMP/CGTP CMC and/or GMPs

2017

ATMPs
CGTPs

Recombinant Proteins
Monoclonal Antibodies
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2019
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Pre-2018 Guidelines

 Human Cell-Based Medicinal Products

 Development and Manufacture of Lentiviral Vectors

 Xenogeneic Cell-Based Medicinal Products

 Risk-Based Approach According to Annex I, Part IV of Directive 
2001/83/EC Applied to Advance Therapy Medicinal Products

 Potency Testing of Cell Based Immunotherapy Medicinal Products for 
Treatment of Cancer

 Scientific Requirements for the Environmental Risk Assessment of Gene 
Therapy Medicinal Products

EMA GMPs and Quality Guidelines for ATMPs

 EC Guidelines on Good Manufacturing Practice Specific to Advanced 
Therapy Medicinal Products

‘investigational ATMPs’
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2018 – 2019 Guidelines

 Quality, Non-Clinical and Clinical Requirements for Investigational
Advanced Therapy Medicinal Products in Clinical Trials

 Quality, Non-Clinical and Clinical Aspects of Gene Therapy Medicinal 
Products

 Quality, Non-Clinical and Clinical Aspects of Medicinal Products 
Containing Genetically Modified Cells

 Q&A on Comparability for ATMPs (coming soon)
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Pre-2018 Guidances

 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)

 Recommendations for Microbial Vectors Used for Gene Therapy 

 Potency Tests for Cellular and Gene Therapy Products

 Determining the Need For and Content of Environmental Assessments for 
Gene Therapies, Vectored Vaccines, and Related Recombinant Viral or 
Microbial Products

FDA GMPs and Quality Guidances for Industry for CGTPs
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2018 - 2019 Guidances

 Chemistry, Manufacturing & Control (CMC) Information for Human 
Gene Therapy Investigational New Drug Applications (INDs) 

 Testing of Retroviral Vector-Based Human Gene Therapy Products 
for Replication Competent Retrovirus During Product Manufacture 
and Patient Follow-up 

 Evaluation of Devices Used with Regenerative Medicine Advanced 
Therapies

 Expedited Programs for Regenerative Medicine Therapies for 
Serious Conditions

 Standards Development and the Use of Standards in Regulatory 
Submissions Reviewed in the Center for Biologics Evaluation and 
Research
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Challenge of regulatory authorities to keep pace 
with the rapidly developing field of ATMPs

(numerous vectors, cell types, and cell handling approaches)

In progress
 allogeneic cells      

ex vivo gene transfer
 gene editing ex vivo 

or in vivo (CRISPR, 
zinc finger nuclease)

microbial vector
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This diversity challenge is well known to regulatory authorities
(makes it difficult to be all comprehensive in any guideline)
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Guidance in Developing a Risk-Based GMPs & Quality Strategy 
3 Key Elements During Clinical Development

1) Risk-based provides flexibility – a necessity during 
clinical development due to ATMP diversity!

EC Guidelines on Good Manufacturing Practice Specific to Advanced Therapy Medicinal Products
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Guidance in Developing a Risk-Based GMPs & Quality Strategy 
3 Key Elements During Clinical Development

1) Risk-based provides flexibility – a necessity during clinical development due 
to ATMP diversity!

2) Risk-based must evolve/mature during clinical development 
of ATMPs!
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Guidance in Developing a Risk-Based GMPs & Quality Strategy 
3 Key Elements During Clinical Development

1) Risk-based provides flexibility – a necessity during clinical development due 
to ATMP diversity!

2) Risk-based must evolve/mature during clinical development of ATMPs!

3) Risk-based focuses on patient-safety!
(identity, traceability, impurities, …)

‘In deciding on the appropriate measures to address the identified risks, 
the priority should be the safety of subjects enrolled in the trial.’
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1) personnel are adequately trained and there is clear allocation of responsibilities
2) premises and equipment are suitable for the intended use and that there is 

appropriate maintenance thereof
3) adequate documentation system that ensures that 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), quality of the product, and compliance thereof with 
the relevant specifications)

5) a quality control system which is operationally independent from production
6) arrangements are in place for the prospective evaluation of planned changes and 

their approval prior to implementation
7) quality defects and process deviations are identified as soon as possible, the causes 

investigated, and appropriate corrective and/or preventive measures are taken
8) adequate systems are implemented to ensure traceability of the ATMPs and of their 

starting and critical raw materials

Patient Safety – 8 ‘basic’ GMPs & Quality principles

EC Guidelines on Good Manufacturing Practice Specific to Advanced Therapy Medicinal Products
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Linking IMPD information to patient safety

developmental genetics
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Similarity/Difference
rProteins/mAbs ATMPs

Developmental 
Genetics

Assembly of the genetically 
engineered cell line

(gene, vector, host cell)

(brief description)

CBP: manipulation for the 
target function

GTP: Assembly of the 
genetically engineered 

vector (e.g., virus, plasmid)
(detailed description)

CBP – cell-based product    GTP – gene therapy product

65
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Why is a detailed description 
relevant to patient safety?
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starting materials

raw materials

Linking IMPD information to patient safety
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Similarity/Difference
rProteins/mAbs ATMPs

Starting 
Material(s) Master/Working Cell Bank

Patient Cells
Viral Vector

Non-viral Vector
Master Cell Bank

Why is the starting material 
relevant to patient safety?
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‒ 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

Autologous Cellular and Gene Therapies
Patient cells as starting materials
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‒ Variability in cell type collection (apheresis)

Patient cell collection – a contributor to quality variation
case example – CAR T-cells

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



Patient cell collection inconsistency can impact CQAs

71
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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 heterogeneity of patient cell collection

‒ Manufacturers take the extra step of further cell processing 
when received at their site to start with as consistent of the 
source material cell type as possible

Allogeneic patient cells can end run the heterogeneity challenge
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What would be some of the risk-based GMP & Quality issues 
for these two different genetic transfer vectors (starting materials)?

transduction transfection

Work Problem & Discussion
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Similarity/Difference
rProteins/mAbs ATMPs

Raw Materials 
Used in 

Manufacturing

Typically adequate 
compendial quality 
for raw materials

Adequate purification 
capacity for 

removal of residuals

Heightened patient safety 
concern due to 

raw material quality 
limitations of purification 
(especially for cells) for 

removal of residuals

Why are raw materials 
relevant to patient safety?
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Ancillary Materials: raw materials that come in contact with 
the CGTP, but not intended to remain the in final product

Tier 1 (low risk) → → → Tier 4 (high risk)

 Sera and serum replacements
 Proteins produced by recombinant DNA technology
 Proteins extracted from biological material
 Vectors

non-mandatory recommendations on raw material risk assessments
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Linking IMPD information to patient safety
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Similarity/Difference
rProteins/mAbs ATMPs

Aseptic  
Processing 

Manufacturing

Standard practice 
in the industry

Ready access to 
0.2 micron filtration

Final product 
filter sterilization

Heavy reliance on 
single-use components

Numerous manual 
manipulations

Limitations (for cells) of 
final product sterilization

Why is the control of the manufacturing process 
relevant to patient safety?
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What would be some of the risk-based GMPs & Quality issues 
for this ex-vivo CAR T-Cell Gene Therapy Manufacturing Process

Work Problem & Discussion
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GMPs & Quality Potential Risks of CAR T-Cell Gene Therapy Process
(tumor formation, unwanted immunogenicity, treatment failure, toxicity, disease transmission)

Risk Factor Address by Risk-Based GMPs & Quality
Availability of Starting Materials

(patient cells, virus vector)

Cell Heterogeneity
(unwanted cell types)

Gene Transfer Vector Type
(virus)

Virus Recombination
(formation of replication competency)

Genetic Transfer into Patient Cells
(ex vivo)

GE Cell Expansion
(growth rate, media, growth factors)

Defective Transgene Expression
(too little, too much)

Impurities in GE Cell Product
(product-related, process-related)

Adulteration of GE Cell Product
(contamination with adventitious agent)
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What would be some of the risk-based GMPs & Quality issues 
for this Gene Replacement Therapy Manufacturing Process

Work Problem & Discussion

Manufacturing Process Description

Luxturna

formulation includes sodium chloride, 
sodium phosphate, and poloxamer 188 

transient transfection with 3 separate plasmid 
constructs: (1) human RPE65 expression 

cassette, (2) AAV2 rep and cap sequences, 
(3) helper virus-derived sequences required 

for replication of the hRPE65 expression 
cassette prior to packaging
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GMPs & Quality Potential Risks of Gene Replacement Therapy Process
(tumor formation, unwanted immunogenicity, treatment failure, toxicity, disease transmission)

Risk Factor Address by Risk-Based GMPs & Quality
Availability of Starting Materials

(3 plasmids)

Gene Transfer Vector Type
(plasmid transfection to transfect HEK293 cells)

GE Virus Manufacturing
(growth rate)

Virus Recombination
(formation of replication competency)

Genetic Transfer into Patient’s Eye
(direct injection of GE virus)

Impurities in GE Virus Product
(product-related, process-related)

Adulteration of GE Virus Product
(contamination with adventitious agent)
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Potential Risks of Somatic Cell Therapy
(tumor formation, unwanted immunogenicity, treatment failure, toxicity, disease transmission)

Risk Factor Address by Risk-Based GMPs & Quality
Cell Heterogeneity

(unwanted cell types)

Significant Cell Manipulation
(enhanced bioactive protein secretion)

Cell Expansion
(media, growth factors)

Genetic Stability
(loss of bioactive protein secretion by 

cells due to handling or storage)

Impurities in Product
(product-related, process-related)

Adulteration of Product
(contamination with adventitious agent)

Work Problem & Discussion

What would be some of the risk-based GMPs & Quality issues 
for a Somatic Cell Therapy Manufacturing Process
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It is recommended that critical process parameters, 
critical quality attributes and the associated acceptance criteria 

should be set based on the development data and current knowledge. 

Critical steps in the manufacturing process 
should be identified as appropriate for the stage of development and 

all available data and acceptance criteria should be provided. 

Concept of Quality by Design (QbD) applies to ATMPs

PDA TR81
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From a manufacturing and quality perspective, ICH Quality Guideline Q8(R2) states 
that a manufacturing control strategy is closely linked to criticality

– of quality attributes, material attributes, and process parameters – which can be 
identified by conducting risk assessments. Those aspects deemed critical, that is, 

having the highest level of risk by such assessment, must be mitigated and 
become the principle focus of a manufacturing control strategy.

Industry representatives from the PDA Cellular and Gene Therapy Task Force, in 
consultation with regulatory agency thought-leaders, set out to demonstrate how 

such a risk-based approach toward development of an effective manufacturing 
control strategy could be developed for a CGTP.

PDA Technical Report 81 (2018)
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confirming product comparability 
after process changes

Linking IMPD information to patient safety
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Similarity/Difference
rProteins/mAbs ATMPs

Manufacturing 
Process Changes

Stepwise product 
comparability
(Q + NC +C)

Stepwise product 
comparability 
(Q + NC + C)

but more challenging …

Why is product comparability
relevant to patient safety?
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Academic to Industry Transfer – A critical step!
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In contrast to traditional drug review, where 80 percent of the review is 
focused on the clinical portion of that process, and maybe 20 percent is 

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

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

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

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

alter the entire product’s safety or performance.

FDA – Speeches by FDA Officials: Remarks by Commissioner Gottlieb to the 
Alliance for Regenerative Medicine’s Annual Board Meeting (May 22, 2018)
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Linking IMPD information to patient safety
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Similarity/Difference
rProteins/mAbs ATMPs

Product 
Characterization

Extensive test methods 
available

On a journey 
(especially for CBPs)

Process-related, 
Product-related 

Impurities
Minimize impact on patient safety

Product 
Release/Stability 

Testing

Adequate samples

Extensive 
release/stability 

test methods

Limitations of samples 
(autologous cells)

Limitations of 
release/stability

test methods

Specifications

‘During early phases of clinical development specification can 
include wider acceptance criteria based on the current knowledge 

of the risks. As the acceptance criteria are normally based on a 
limited number of development batches and batches used in non-
clinical and clinical studies, they are by their nature preliminary 

and need to be subject to review during development.’

Test Method 
Validation

‘An appropriate degree of method qualification 
should be applied at each stage of clinical development’

Why is product testing
relevant to patient safety?
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DNA/RNA Plasmids

Recombinant Proteins & mAbs

Increasing product 
size and complexity

Increasing product characterization capability

Living Cells

Living 
Viruses

Characterization –
is a journey!
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Future:  MAM 
Multi-Attribute 

Method

rProteins/mAbs
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Limited Characterization of GE Living Virus
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 Composition
(genome integrity and 
size, molecular mass, 
stoichiometry of    
capsid proteins)

 Physical Properties 
(particle size, 
aggregation, 
glycosylation state)

 Primary Structure 
(sequence confirmation, 
protein identification)

 Higher Order Structure 
(transmission electron 
microscopy, analytical 
ultracentrifugation for 
intact vs empty capsids)

 Biological Activity
(infectious potency, 
ratio of full:infectious
virus particles)
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Characterization test methods useful for viruses

AAV viral 
capsid 

aggregation 
(SE-HPLC)

AAV viral 
capsid

glycoprotein
composition 

(CE-SDS)



Very Limited Characterization of GE Living Cell
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 Cell Morphology
(size, shape, appearance)

 Cell Phenotype 
(type and number of cell   
surface receptors)

 Transduction Efficiency
(% of transduced cells, 
genetic stability)

 Transgene Properties 
(identity, sequence, copy 
number of transgene)

 Biological Activity
(identity and activity of  
expressed transgene 
product)
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Minimization of impurities essential in an ATMP risk-based approach!
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Residual process-related impurities found in commercial ATMPs
(from FDA Package Inserts)

Genetically engineered viruses

Genetically engineered cells
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Critical importance of  potency measurement for ATMPs
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FDA’s viewpoint of importance of the potency assay for ATMPs
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But ATMP bioassays take time to identify, develop, qualify/validate!
Don’t underestimate the amount of effort and resources necessary
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Risk-based approach applied to QC testing
investigational ATMPs
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Case Example: Genetically-engineered T-cells release testing
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Illustration of evaluating a risk-base analysis (RRF) 
for CQA determination of a cell therapy ATMP

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

when done correctly.”

112
?QUESTIONS?
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Resources
https://www.ema.europa.eu/en/human-
regulatory/overview/advanced-therapy-

medicinal-products-overviewCommittee for Advanced Therapies (CAT)

FDA CBER Office of Tissues and Advanced Therapies (OTAT)

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

https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview
https://www.fda.gov/BiologicsBloodVaccines/CellularGeneTherapyProducts/default.htm
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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)
 ‘361’ Human Cells, Tissues, and Cellular and Tissue-Based 

Products (HCT/Ps)
 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

https://www.fda.gov/BiologicsBloodVaccines/NewsEvents/ucm232821.htm
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CELL & GENE THERAPY 2018: SPEAKER PRESENTATIONS
https://www.casss.org/page/CGTP1817

free downloadable presentations

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

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


 ATMPs are highly complex medicines
 Regulatory authorities are becoming more comfortable 

(flexible) in regulating the ATMPs
 You need to adapt your process and product to the 

appropriate GMPs and Quality principles
 Patient safety must never be compromised 
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Practical Application of Phase-Appropriate GMPs & Quality 
to Clinical Development of ATMPS

In Conclusion
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