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Considerations for Characterization
and Comparability of Recombinant
DNA-Transduced Cellular Products

By LILIA BI

ecombinant DNA-trans-
duced cellular products
encounter the product
development and regula-
ory issues of both gene
therapy and cellular therapy products.!
The characterization of recombinant
DNA-transduced cellular products
remains highly challenging for both
sponsors and regulatory agencies. The
regulatory concerns and product testing
for such cellular products are similar to
those for all biologicals. These concerns
include the demonstration of product
safety, identity, purity, and potency; the
control of the manufacturing process
to ensure the consistency of product
manufacturing under a proper quality
control program; and the demonstra-
tion of reproducibility and consistency
of product lots by means of defined
product lot release testing criteria.

Approaches to Product Development

Product development begins before
the first human use of the product
and proceeds throughout clinical tri-
als, licensure, and even post-licensure.
The first step in the development of a
product is to provide preclinical toxic-
ity data from animal model studies. To
limit the risks to human subjects in the
next step, Phase I clinical trials, data
sufficient to demonstrate product safety

and appropriate safety testing must be
in place. Product safety testing must
continue throughout product develop-
ment and after the product is licensed.
CBER/FDA recommends that product
characterization proceed with clinical
trials and requires that a product be
fully characterized with regards to safe-
ty, purity, identity, and potency by the
time a Phase III clinical trial is initiated.

A quality control program should
also be in place from the initiation of
Phase I trials. This program should
be separate from manufacturing and
should ensure the quality and release
of the product. Other elements of
current Good Manufacturing Practices
(cGMP) include adequate documen-
tation and records, adequate person-
nel training and certification programs,
proper production and process controls,
equipment qualification, and an envi-
ronmental monitoring program. Most
of these elements should be in place in a
form sufficient to ensure product safety
at the time a Phase I clinical trial is ini-
tiated. These requirements will need to
be implemented and demonstrated to
consistently provide a safe, potent, and
efficacious product by the time a biolog-
ics license application (BLA) is filed.

Characterization of Recombinant
DNA-Transduced Cellular Products

Manufacturing of recombinant
DNA-transduced cellular products
may involve multiple reagents, compo-
nents, and multi-step manufacturing

procedures. All reagents and compo-
nents used for product manufactur-
ing should be tested for safety and
characterized to ensure their integrity,
stability, and consistency from lot to
lot. Biological reagents such as serum,
cytokines, growth factors, and antibod-
ies used for cell selection should be
well documented and properly tested.?
If the final product is an adenoviral-
transduced somatic cell product, the
adenoviral vector, as well as the final
genetically modified cells, will need to
be tested for safety and characterized
for identity, purity, and potency.3

The cell component may be
autologous or allogeneic. If cells are
obtained from an allogeneic donor, then
donor testing and screening must be
performed in compliance with 21 CFR
1271 (as of March 25, 2005). If cell
banks are used, these banks must also be
tested for safety including testing for in
vivo and in vitro adventitious agents.2 If
the cell lines are of human origin, then
they should be tested for human patho-
gens. This pertains to the use of viral
cell banks as well.

Characterization of recombinant
DNA transduced cellular products
includes: demonstration of product
safety, testing for adventitious agents,
determination of purity and identity,
assessment of potency, and demonstra-
tion of product stability.

Development of specifications for
each parameter is an important part of
product development and character-
ization. CBER/FDA recommends that
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specifications be established early in
product development and subsequently
tightened according to the data gener-
ated. As product characterization pro-
ceeds, better defined approaches can
and should be developed to evaluate
proposed test methods and acceptance
criteria for release.

In many cases, in-process product
characterization and testing are neces-
sary for these complex products. To
ensure the consistency, it is important to
characterize the manufacturing process.
For this purpose, cGMPs play an impor-
tant role in the control and regulation of
each step of the product manufacturing
process. Adherence to cGMP standards
provides for quality and safety through-
out the process and will lead to consis-
tent performance of product lots.

During product development it
is important to accumulate data that
demonstrates the purity profile of the
product and any effect that impurities
may have on the manufacturing process
and the final product. It is also impor-
tant to establish specific characteristics
that will ensure product integrity and
stability. These types of data are critical
to gaining a better understanding of the
product, the effect of the manufactur-
ing process on that product, and more
importantly, the effect any change will
have on the product.

One important question to consider
is how to characterize the product and
what kind of testing should be per-
formed. Some tests are specified in the
Code of Federal Regulations (CFR), such
as the tests covered in 21 CFR 610 for
sterility, general safety, and pyrogenic-
ity. For in-process testing, FDA does not
require a specific test method; therefore,
any scientifically valid test method may
be used. For final product testing, if a
test method is not specified by the bio-
logical product standards in 21 CFR 610,
any scientifically valid test can be used.

Tests for potency and identity are usu-
ally product specific, so scientifically valid
tests will need to be developed. In some
cases, more than one test may be needed
to address identity and potency. For all
testing, CBER/FDA recommends using
or developing the most appropriate test
for that particular product and recog-
nizes that the test specified in 21 CFR 610
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may not always be the most appropriate.
Thus, a provision in 21 CFR, 610.9 allows
the use of alternative tests. However, by
licensure the sponsor must provide data
validating that the alternate method gives
equivalent or greater assurance than the
specified method.

Tests addressing the safety (e.g., ste-
rility, mycoplasma) and purity (e.g.,
endotoxin) of the product must be per-
formed before it can be used in a Phase
trial. Assays to assure potency will need
to be in place before starting a Phase III
study. All assays will need to be vali-
dated by licensure.

Manufacturing Changes and
Product Comparability

Throughout product development
and even post-licensure, manufactur-
ing changes will be made to improve
the product or the production process.
Changes may occur at various steps in
the manufacturing process and it is dif-
ficult to predict the potential effects of
a given change.* Changes may involve
reagents, viral banks, plasmid stocks,
product formulation, and manufactur-
ing procedures. These changes may
alter the cellular phenotypes present
and affect product safety, purity, iden-
tity, and potency. Other changes may
include storage conditions or shipping
conditions. It is important to consider
the order of a change in the manufac-
turing process. A change early in the
process may affect downstream steps.

Another major category of change
involves the manufacturing site. This
may include a change from a single
manufacturing site to multiple sites or
may involve a product transfer from
an academic site to a company. Either
change may introduce different equip-
ment, new personnel, or a new man-
ufacturing process. When multiple
sites are used to manufacture the same
product, the potential for variation is
always greater and manufacturing pro-
cesses and testing should be under full
control.

The products produced before and
after manufacturing changes are imple-
mented must be demonstrated to be
comparable to support the use of clini-
cal, safety, and efficacy data obtained
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prior to the change. How does one
assess comparability? FDA’s 1996 guid-
ance stated, “FDA may determine that
two products are comparable if the results
of the comparability testing demonstrate
that the manufacturing change does not
affect safety, identity, purity, or potency.”>
Although this document was written
for changes to approved applications,
many of the concepts can be applied
to changes made during the investiga-
tional stages of product development.
These concepts may also serve as guides
to thinking about the appropriate prod-
uct characterization data one needs to
collect, and to learning about the prod-
uct and manufacturing process.

In many cases, a comparability pro-
tocol will help with subsequent imple-
mentation and reporting of chemistry,
manufacturing, and control (CMC)
changes, especially for approved prod-
ucts. A comparability protocol is a well-
defined, detailed, written plan for assess-
ing the effect of specific CMC changes
in the identity, strength, quality, purity,
and potency of a specific drug prod-
uct as these factors relate to the safety
and effectiveness of the product.6 It
describes the changes covered under the
protocol and specifies the tests and stud-
ies to be performed, including analytical
procedures and acceptance criteria that
are sufficient to demonstrate that specif-
ic CMC changes do not adversely affect
the product. A formal comparability
protocol is not always necessary during
investigational stages, especially during
early product development. However,
data demonstrating that a product is
comparable before and after any changes
may be needed, depending on the stage
of product development. Otherwise,
the use of clinical data collected before
the change will be questionable.

Factors that affect the feasibility of
comparability studies include the time
of change, the type of change, the num-
ber of changes to the manufacturing
process, the extent of change, and the
ability of available methods to assess the
results of the changes. Before develop-
ing comparability studies, a sponsor
needs to understand its current manu-
facturing process and the effect any
process change will have on product
safety, identity, potency, and stability. To



develop comparability studies, a spon-
sor must identify product characteriza-
tion assays that measure the effect of the
change, keeping in mind that, in many
cases, satisfying lot-release acceptance
criteria is not sufficient to demonstrate
comparability. In the early product
development stages, the lot-release
specifications for identity and potency
are often given as broad ranges and
therefore may not sufficiently measure
a change. FDA suggests that a sponsor
develop pilot-scale or full-scale test data
before implementing any manufactur-
ing changes.

Sponsors should avoid altering
approved production specifications or
validation parameters and plan ahead
for effects that changes may have on the
product. If differences are found, spon-
sors should use valid assessments to
determine if the differences are mean-
ingful. When a combination of analyti-
cal testing and biological assays (in vitro
or in vivo) fails to establish compara-
bility before and after a change, other
comparability studies such as preclinical
animal studies (pharmacokinetics and/
or pharmacodynamics and toxicity) or
clinical studies (clinical pharmacology,
safety, efficacy) may be needed.>

FDA Considerations

There are several examples of what
CBER has observed relating to product
characterization and the effects of
manufacturing changes on product
comparability. We have observed that
some manufacturers lack a full under-
standing of the importance of complete
product characterization, and also lack
a full understanding of the effect that
a manufacturing change may have on

the product. We have also seen spon-
sors intending to make manufacturing
changes late in product development
without full product characterization
and a comparability protocol in place.

How can sponsors and CBER over-
come these problems? We suggest the
following:

+ Both the product and the manu-
facturing process should be well
characterized as early as is fea-
sible during product develop-
ment.

+  Multiple tests should be devel-
oped for single complex charac-
teristics, such as product potency.
For recombinant DNA-trans-
duced cellular products, potency
may be measured by expression
of the transgene and the biologic
activity of the final product.

+  Documentation should be main-
tained throughout product devel-
opment when manufacturing
changes may occur.

+ Sponsors should collect data
throughout product develop-
ment and identify assays that are
predictive of product changes.

We encourage sponsors to consult
with CBER early and often regarding
proposed manufacturing changes before
they are implemented, and provide a
description of the proposed changes
and tests used to demonstrate product
comparability. We also strongly encour-
age sponsors to submit data for analysis
as a means to enable more meaningful
discussions.

Currently, because only limited data
is available to evaluate the potential
effect of manufacturing changes on
recombinant DNA-transduced cellular
products, evaluation of product com-
parability will be reviewed case-by-case.
The review processes will follow the
principles of the related CBER guid-
ance documents which can be found at
<www.fda.gov/cber/guidelines.htm>.
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