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Monographs on Gene Therapy products

ß A working group was created in France
with delegates from AFSSAPS, EP,
Academies and Industrials to draft
monographs on gene therapy products

ß The drafted monograph “Adenovirus
vectors for human use” will be illustrated
with the vector Ad-IFNg
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Adenovirus vectors for human use

ßDefinition

ßVector construction and production

ßSubstrate for virus propagation

ßVector seed lot

ßSingle harvest

ßPurified harvest

ß Finished product

Structure of the monograph
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Vector Ad-IFNg

ß Adenovirus type 5 expressing human
Interferon-g

ß Currently in phase II

ß Application : cutaneous T-cell lymphoma
ß Ad-IFNg product candidate received

Orphan Drug Designation in Europe.
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Adenovirus vectors for human use
Definition

Linear ds DNA

36 kb

70 - 100 nm

Hexon (II)

Fiber (IV)

Core (V,VII)

Pentonbase (III)

Hexon assoc. 
(VI, VIII)

Adenovirus type 5

Associated with benign 
diseases  (Rhino-pharyngitis)

“… preparations of live recombinant adenoviruses …”
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Definition

Wild type Ad 5 genome

E1 ° Recombinant Ad 5 genome  

Adenovirus particles

IFNgCMV 
promoter

“… genetically modified …”
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Endocytosis

Viral RNA

Interferon-g

Target tumour cell

Ad DNA

Definition

“… to transfer genetic material to somatic cells …”

IFNg
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Production

E10

Non replicative 
Adenovirus

Viral RNA

Cellular DNA 

Viral DNA
E1

E10
E1A & E1B 
proteins

 Complementation cell
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Vector construction

ÿGeneration of classical RCA with restored wild-type E1

293 cells E1 region

Ad5 vector – small E1 deletion

“A method shall be chosen that minimizes the risk for 
the generation of Replication Competent Adenoviruses”
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Substrate for virus propagation

Complementation cells – E1 region

Ad-IFN vector – extended E1 deletion

ÿNo generation of RCA

“The use of cells with no sequence homology with 
the vector is recommended for production.”
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Vector seed lot

Genetic and phenotypic characterization:

“ the entire genome of the vector is sequenced at
the level of the master seed …”

Preferably performed at the level of the clinical lot
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Vector seed lot
Genetic and phenotypic characterization:
“ … and the sequence determined analytically is

compared to the theoretical sequence based on
vector construction.”

The sequence of Ad-IFNg vector was compared to
the sequence of the Adenovirus Reference Material
(Genbank # AY339865).
Only 3 differences outside the genetic insert were
detected:
ß deletion of a T in a T-rich non-coding sequence
ß incomplete sequencing at the end of the two Inverted
Terminal Repeats

No influence on the viral proteins
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Vector seed lot

Genetic and phenotypic characterization:

“ restriction analysis is performed on the vector
DNA … with at least 3 restriction enzymes. The
digested fragments are separated by gel
electrophoresis …”

Restriction analysis of
Ad-IFNg vector

M  1   2   3   4  M

Restriction enzymes :
1 = HindIII
2 = Mlu I
3 = Not I
4 = Sph I

M = molecular size marker
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Vector seed lot

Genetic and phenotypic characterization:

“ a suitable number of isolated sub-clones are
tested for recombinant protein(s) expression and
biological activity  in the master seed lot.”
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Isolation and expression analysis of sub-clones

High dilutions of
Ad-IFNg vector

Isolation of viral plaques

Amplification 
of the sub-clones

IFNg : functionality by a
VSV interference assay

293 cells

Supernatant
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Expression analysis of sub-clones

99 %100 %
Not

performed
Not

performed
Results

Clinical lot
+ 3

passages
Clinical lotWVSMVS

Production
passage

Proportion of viruses expressing functional IFNg

At least 100 sub-clones were tested at each passage. 
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Expression analysis of sub-clones

“Sub-clones giving lower levels of expression or
biological activity need further characterization.”

The genetic insert from the unique sub-clone
negative for IFNg was sequenced.

A point mutation was detected, immediately
inducing a stop codon.
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Vector seed lot

Replication Competent Adenovirus (RCA):

“ Detection of RCA is generally performed by an
infectivity assay on sensitive detector cell lines…
When RCA is not supposed to be present … 3 or
4 successive passages are performed …”
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Detection of RCA

Test sample

Inoculation 
on A549 cells

3 sub-passages 

Microscopic observation
for CPE
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Detection of RCA

Sensitivity of the RCA assay : 1 RCA in 3.0E+11 vp
Tested quantity :  3.0E+11 vp

negativeZ109

Ad-IL2

negativeZ135

negativeZ120

negativeZ133

negativeZ132

negativeZ117

Ad-IFNg

ResultLotVector
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Vector seed lot

Identification.

Vector concentration.

Extraneous agents (2.6.16).
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Single harvest

ß Control cells
¸ Identification              PCR

¸Extraneous agents (2.6.16)

ß Single harvest
¸ Identification              performed on final product

¸Vector concentration            HPLC and ARMWG SOP

¸Extraneous agents (2.6.16)
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Purified harvest

Vector concentration:

“ The titer of infectious virus and the concentration of
vector particles are determined to monitor production
consistency.”
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Vector concentration - Infectious Units

Infectious virus ARMWG SOP : limit dilution on
293 cells

Test sample

Microscopic
observation

for CPE

Inoculation on 293 cellsSerial dilutions
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Vector concentration - Infectious Units

ß Accuracy
¸ Titration of the Adenovirus Reference Material

261.2E+11 IU/ml7 E+10 IU/ml

[3.0E+10 – 1.8E+11]

RSD

(%)

Average titer

(n = 4)

Expected titer

Main validation data

ß Precision
¸ Repeatability : RSD = 23 %

¸ Intermediate precision : RSD = 30 %
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Vector concentration – Viral particles

Viral particles AE - HPLC

Retention time Particles

AreaOD (260 nm)

transgene27

Vector concentration – Viral particles

ß Accuracy
¸ Calibration of the HPLC standard against Adenovirus

Reference Material

Main validation data

ß Precision
¸ Repeatability : RSD = 0.5 %

¸ Intermediate precision : RSD = 4.8 %
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Purified harvest

Identification Performed on final product

Integrity : “Integrity of the vector is verified by
suitable methods”

Need to be clarified

Replicative properties  Not applicable

Residual host-cell proteins : “… by a suitable
immunochemical method ”

In development
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Purified harvest

Residual host-cell DNA : “ Quantitative PCR is
recommended for its sensitivity and specificity, but
other suitable techniques may also be used”.

Performed by real-time qPCR

ß Limit of quantitation : 0.1 ng per dose at 3.0E+11 vp

ß Precision
¸ Repeatability : RSD = 17 %

¸ Intermediate precision : RSD = 40 %

Main validation data
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Purified harvest
Residual host-cell DNA quantified by qPCR.
Results :

< 0.1X270

Ad-IL2

< 0.1X284

< 0.1X271

< 0.1X320

< 0.1X316

< 0.1X306

Ad-IFNg

ngDNA/3.0E+11 vpLotVector
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Purified harvest

Residual reagents : “If reagents are used during the
purification process, test for these substances are
carried out on the purified harvest, unless the process
has been validated to demonstrate suitable
clearance.”

Validation of reagents clearance (e.g. Benzonase,
Tween and TNBP,  chromatography leachables)

Residual antibiotics Not applicable
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Finished product

Identification : the vector is identified by
immunochemical or NAT methods or restriction analysis

Restriction analysis and
expression of IFNg

Tests : Osmolality, pH, Extractable volume, Residual
moisture, Bovine Serum Albumin, Sterility, Bacterial
endotoxins.

No specific issue

RCA  Performed as described previously
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Finished product

Virus aggregates :  “Virus aggregates must be
monitored by suitable methods (for example light
scattering).”

Performed by light scattering

5 20 10
0
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00
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0
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 %

Size (nm)

Aggregated sample

Not aggregated sample



12

transgene34

Finished product

Vector particles concentration and Infectious vector titre   

Performed as described previously

Ratio between  vector particles concentration and
infectious vector titre : “Within the limits approved for
the particular product.”

The results calculated so far are
< 10 vp/IU

transgene35

Expression and biological activity

Expression and biological activity of the recombinant
gene product : “… determined by suitable assays …
performed on cell cultures infected with the product
at a predetermined multiplicity of infection …”
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Expression and biological activity

Ad-IFNg vector
IFNg : functionality by a
VSV interference assay

Harvest of
supernatant

Infection of A549 cells

IFNg : expression
by ELISA
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Finished product

Potency :  “Where a suitable in vitro model for expression
and  biological activity is not available, an in vivo potency
test is carried out.”

Suitable in vitro assays are available
for IFN-g

Human IFN-g is not biologically active
in mice
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Conclusions

ß EP monographs will be very useful to
establish specifications for gene therapy
products
ß Acceptance criteria are not included in the

current version and could be added for
some assays
ß We strongly recommend to pursue this

effort through further discussions
between Regulatory Authorities, EDQM,
Academy and Industry
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Guidelines for Production &
Control of Cell and Gene Therapy
Products:
Experience in the USA

Beth Hutchins, Ph.D.
Vice-Chair, U.S. Pharmacopeia Gene Therapy, Cell
Therapy, and Tissue Engineering Expert Committee
Director, Process Sciences, Canji, Inc. (Schering Plough)
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• Introduction
• Applicable FDA guidance
• Testing reference materials
• USP informational chapters

– Cell & Gene Therapy
– Ancillary Materials for Cell, Gene, &

Tissue Engineered Products

• Looking forward
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Status of the Gene Therapy Field Today

• Over 600 clinical trials worldwide
– Primarily conducted as investigator-

initiated studies

– Over 4,000 patients treated

– 1 death; U Pennsylvania

• Multiple genes / delivery systems /
indications

• 10 years into commercial
development efforts

• Established regulatory pathways

• Clinical successes

• Marketed products on the horizon

Protocols by Vector

Adenovirus Non-viral AAV

HSV Pox Virus Others

Retrovirus

Protocols by Clinical Phase

Ph I Ph I / II Ph II Ph II / III Ph III
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Potential Treatments with Cellular Therapy

• Cancer vaccines from gene-modified
patient cells
– Some studies in late clinical development

• Pancreatic islet transplantations for
diabetes type I
– healthy islets from donor pancreas

• Heart disease
– muscle stem cells
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Regulatory Approaches Today

• Cell & gene therapy regulation still
evolving & driven by new data

• Interaction between regulatory authorities
and scientists and physicians in cell and
gene therapy fields
– Society committees & meetings

– Reference material working groups
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Applicable U.S. FDA Guidance

• PTC:  Characterization of Cell Lines Used to
Produce Biologicals, 1993

• GFI: Guidance for Human Somatic Cell Therapy
& Gene Therapy, 1998

• GFI: Supplemental Guidance on Testing for
Replication Competent Retrovirus in Retroviral
Vector Based Gene Therapy Products and During
Follow-up of Patients in Clinical Trials Using
Retroviral Vectors, 2000

• Dear Gene Therapy IND or Master File Sponsor
Letter, March 6, 2000
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Applicable U.S. FDA Guidance

• Draft Guidance for Reviewers: Instructions and
Template for Chemistry, Manufacturing, &
Control Reviewers of Human Somatic Cell
Therapy IND Applications, 2003

• Draft Guidance for Industry:  Eligibility
Determination for Donors of Human Cells,
Tissues, & Cellular & Tissue-based Products
(HCT/Ps), 2004

• Final rule on donor eligibility criteria for human
cells and tissues, effective May 25, 2005
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FDA CBER Expectations for GMP Compliance

• GMPs expected throughout clinical studies

• Level of compliance should increase as phases of clinical
study progress
– Stepwise approach

• Important early:
– adequate facility

– QA/QC unit

– aseptic processing

– documentation

• GMPs that develop with clinical studies:
– methods validation, process controls, process validation
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Good Manufacturing Practices 
Full GMP
 21 CFR 210, 211

Product Characterization

Step-wise Approach to Application of
Regulatory Requirements

Full characterization
 21 CFR 610

Phase III

Phase I

Phase II

Pre-clinical

Prior to Phase I : need product safety testing and basic characterization infoPrior to Phase I : need product safety testing and basic characterization info

QA &QC, Clinical Monitoring Program
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FDA CBER Expectations for GMP Compliance

“Identify steps in the facility and the manufacturing process
that are critical for control over the process and seem
logically necessary for production of a safe and consistent
product.”

• Problem areas noted after review of responses to
initial March 2000 Dear GT Sponsor letter:
– Lack of documentation
– Lack of traceability
– No separation between QA/QC and other operations

• Deficiencies noted for cell therapies
– Screening of donors
– Testing or certification of components
– Testing of cell banks

05-Oct-2004 EDQM Quality on the Move 11

Testing Reference Materials

• Adenovirus Reference Material
– Available from ATCC at www.atcc.org

– Publications describing production &
characterization

• FDA expectations for use published
– Stephanie Simek, Andrew Byrnes, and Steven

Bauer (November 2002) “FDA Perspectives
on the Use of the Adenovirus Reference
Materials,” BioProcessing Journal 1(3): 40-42
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Testing Reference Materials

• AAV Reference Material
– AAV Reference Material Working Group

discussing testing & characterization plan

– Production in process
• Virus production RFP awarded to Univ. of

Florida

• Purification award pending for Avigen

• RFP awards pending for formulation, repository

• Information at www.wilbio.com



5

05-Oct-2004 EDQM Quality on the Move 13

U.S. Pharmacopeia Efforts

• Gene Therapy, Cell Therapy, and Tissue
Engineering Expert Committee

– Two informational chapters
• <1046> Cell and Gene Therapy Products (2000)
• <1043> Ancillary Materials for Cell, Gene and

Tissue Engineered Products
(in process for 2004)

– Tissue product monographs in process
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<1046 Cell and Gene Therapy Products>
Overview

• Informational chapter, initiated in 1997
• Definitions & examples of product types
• Focus on best practices (97-99)

– Manufacturing processes for clinical materials
vs. commercial

– Analytical schemes
– Administration – on site prep’n, stability
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<1046 Cell and Gene Therapy Products>

• Introduction
• Manufacturing Overview

– Raw Materials  flexpanded for <1043>
• Types
• Qualification

– Characterization of Banked Materials
• Cell Banks
• Virus Banks
• Qualification (1993 PTC, ICH Q5a, b)
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<1046 Cell and Gene Therapy Products>

• In-process Controls
– defined go /no go decision points
– e.g., quantity & viability of cells after a key processing

step
– e.g., cell phenotype after a key processing step
– quantity & viability of cell during bioreactor culture
– e.g., specific activity of virus in fractions after column

chromatography
– e.g., optical density ratio of virus in fractions after

column chromatography

• Specifications developed per ICH Q6B
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<1046 Cell and Gene Therapy Products>

• Validation Considerations
– dependent on stage of clinical development
– focus on:

• hold steps
• impurity levels
• patient-specific product processes with wide range

of quality & quantity of starting material and impact

05-Oct-2004 EDQM Quality on the Move 18

<1046 Cell and Gene Therapy Products>

• Manufacturing of Cell Therapy Products
– Procurement of source material
– Cell isolation and selection
– Cell propagation and differentiation
– Introduction of genetic material
– Formulation

• Manufacturing of Gene Therapy Products
– Vector design considerations
– Manufacturing and purification strategies

• Helper functions
• Formulation
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<1046 Cell and Gene Therapy Products>

• On-Site Preparation and Administration
– Product manipulations

• container changes
• thawing or warming
• addition to a biocompatible structural material
• admixture
• sampling

– Facility requirements, <797>
– Release of final product
– Pre-administration requirements
– Treatment and post-administration monitoring
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<1046 Cell and Gene Therapy Products>

• Analytical Methodologies
– Identity

• Cell – surface markers
• Gene – restriction enzyme map, pcr

– Dose
• Cell

– viable cell number
– enumeration of specific cell type

• Gene
– particle number
– transducing units (DNA)
– plasmid DNA weight
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<1046 Cell and Gene Therapy Products>

• Analytical Methodologies
– Potency

• Cell – viable cell number, CFUs
• Gene – function of expressed gene via bioassay
• Infectious titer ≠ potency

– Purity
• Cell

– % transduced cells
– % cells with specific surface marker
– process contaminants (serum, etc.)

• Gene
– residual host cell DNA, protein
– % specific physical form (supercoiled DNA, empty

capsid)
– process contaminants
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<1046 Cell and Gene Therapy Products>

• Analytical Methodologies
– Safety

• Mycoplasma
• Sterility
• Pyrogen and endotoxins
• Adventitious viruses
• Residual virus (for transfected cells or helper

dependent viral vectors)
• Replication competent virus

• Rapid methods
– PCR
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<1046 Cell and Gene Therapy Products>

• Stability
– General considerations
– Stability protocol development

• Storage and shipping
– Cell therapy

• cryopreservation
• thawing
• unfrozen products & impact of shipping

• Labeling
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<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Informational chapter
• Grew out of <1046>
• Complications for cell products and

products with more limited processing
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<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Introduction
– synonyms

• processing materials
• ancillary products

– defining property = not intended to present in
final product; used in production; AMs exert
their effect on the therapeutic substance

– cell & virus banks ≠ ancillary materials
– helper  viruses; helper plasmids could be

considered AMs
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<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Qualification
– Program focus
– Identification of those used/needed
– Selection and suitability for use

• complexity of risk
– Characterization / specific QC tests
– Vendor qualification
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<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Risk Classification
– Take into account

• where used in process
• quantity used
• how material manufactured and characterized
• inherent variability of AM
• stability of AM
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<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Risk Classification
– Tier 1:  Low risk, highly qualified materials

• licensed or approved biologic, drug or medical
device used “off label” in manufacturing process

• examples
– recombinant insulin
– human serum albumin for injection
– antibiotics for injection
– injectable cytokines
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<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Risk Classification
– Tier 2:  Low risk, well characterized materials

• intended use is for drug, biologic or medical device
manufacture

• examples
– recombinant growth factors
– sterile process buffers
– proteolytic enzymes

05-Oct-2004 EDQM Quality on the Move 30

<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Risk Classification
– Tier 3:  Moderate risk
– frequently produced for in vitro diagnostic or

reagent use
– examples

• tissue culture media
• purified chemicals such as induction agents
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<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Risk Classification
– Tier 4:  High risk
– extensive qualification necessary
– not produced in compliance with GMPs
– examples

• serum or other animal-derived extracts
• animal or human cells used as feeder layers
• chemicals with known toxicities

05-Oct-2004 EDQM Quality on the Move 32

<1043> Ancillary Materials for Cell, Gene
and Tissue Engineered Products

• Performance testing
– assay based on use in manufacturing process

• Ancillary material residual level
assessment and removal
– limit tests and quantitative tests
– complication of complexity of sample matrix
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U.S. Pharmacopeia Efforts

• Final comments were due in June 2004
• Publication of final version pending
• Expert committee to focus now on

monographs for specific ancillary materials
– Fetal bovine serum
– Nuclease
– IL-4 or IL-6
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Current Regulatory Environment

• Opportunity

• Data-driven

• Cautiously nurtured

05-Oct-2004 EDQM
Quality on the Move

35

THANK YOU!
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5/10/04 – Special control methods for CTP16

CD34+ Enumeration – Results (2)

Difference distribution between the 2 CD34+ enumerations Producers Afssaps
For 70% of the samples, difference is below than 20%

(n=429)
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5/10/04 – Special control methods for CTP17

CD34+ Enumeration – Results (3)
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Comparison of CD34 difference between results obtained with
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5/10/04 – Special control methods for CTP18

Centre by centre following for CD34
enumeration

Difference observed between Afssaps and producer 
B using a CD34+ direct determination
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CD34+ Labeling after Thawing (1)

CD34+ enumeration difference between producers and
Afssaps for fresh and thawed products
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5/10/04 – Special control methods for CTP20

CD34+ Labeling after Thawing (2)

• CD34 difference between producers and Afssaps
according to a washing step or not during labeling
of thawed products
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5/10/04 – Special control methods for CTP21

Bacteriological control (1)

• Regulation framework in France

Decree from the 16/12/1998 relative to good practices
applied on human hematopoietic cells for therapeutic
uses.

A microbiological control is required without neither
reference to a quality standard nor to a control method.
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5/10/04 – Special control methods for CTP22

ÿLess standardization for bacteriological methods noted
down by an investigation.

ÿSensitivity evaluation by collaborative study in progress:
sending of various levels contaminated samples.

ÿPublication in April 2002 of national technical guidelines for
the bacteriological control of hematopoietic products

Bacteriological Control (2)

5/10/04 – Special control methods for CTP23

Incubation period used by laboratories
before french guidelines

Total incubation period

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Days

Investigation in 1998: 30 answers, wide diversity in the used methods,
using of techniques sometimes unsuitable.

5/10/04 – Special control methods for CTP24

Bacteriological control (3)

• Why do we need guidelines?

• Problems encountered by this investigation:

ÿ what step to collect the sample control?
ÿ Sample volume?
ÿ Control on sample from washing supernatant?
ÿ Culture medium?
ÿ Incubation conditions and duration?


