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P8: A description of the tumorigenic property of cells is required for all diploid and non-diploid cells, including
continuous cell lines (21 CFR 610.18(c)(1)(ii)).

Because previous experience has consistently demonstrated the non-tumorigenic phenotype of the
well-characterized diploid cell strains MRC-5, WI-38, and FRhL-2 (if they are not genetically or phenotypically
modified), further tumorigenicity testing of banks consisting of these cell strains is not considered necessary to
satisfy this requirement (please also see Section 1IL.C.4). A description of the tumorigenic property is not required
for primary primary cell cultures that are not subcultivated or that are subsequently subcultivated for only a very
limited number of population doublings (21CFR 610.18(c)(3)).

P13: Under 21 CFR 610.18(c)(1)(ii), you must describe cell lines with respect to tumorigenicity. Cell lines could
acquire tumorigenic properties with increasing passage levels. It is therefore important that you limit the passage
leve! of the cells used in production and that you characterize cells at or beyond this end-of-production limit. The
maximum end-of-production passage level should be based on data derived from production cells expanded under
comparable or analogous conditions to the production conditions. Cells from either the MCB or the WCB may be
expanded for this evaluation. Tumorigenicity testing should be performed at or beyond this level.

P33: Tumorigenicity is defined as the process by which cells form tumors when inoculated into animals (generally
a syngeneic, an immunosuppressed allogeneic or an immunosuppressed xenogeneic host) (see Section V.
Glossary). Tumorigenicity is a characteristic of the immortalized cells themselves, rather than of the agents or
components present in them. We recommend you contactr CBER for advice as to the need for tumorigenicity
testing.

Tumorigenic cells have not traditionally been used for the production of prophylactic viral vaccines, primarily
because of theoretical concerns that components within tumorigenic cells could induce tumors in vaccine
recipients. These concerns include the potential presence of exogenous agents, such as oncogenic viruses, and the
potential risk from endogenous materials, such as endogenous viruses or oncogenic nucleic acids. In addition,
intact human cells derived from human tumors have been shown to form tumors in allogeneic humans.

The goal in tumorigenicity testing is to determine whether your cell substrate is capable of forming tumors after
inoculation into animals. The TPD50 (tumor-producing dose in 50% of animals) and capacity to form metastases
are characteristic properties of a cell line, and these characteristics might be used to further define the tumorigenic

phenotype of a cell line. Considerations associated with tumorigenicity testing include: 1) choice of appropriate



animal models; 2) definition of a positive result; 3) determination of the appropriate duration of testing; 4)
determination of appropriate numbers of cells to be tested; and 5) selection of appropriate controls.

P34: You should use an animal model that is known to be susceptible to tumor formation by tumorigenic cells.
Because immunocompromised adult and newborn rodents are relatively sensitive for revealing a tumorigenic
phenotype. you should consider these animal models. Thus, the most commonly used animals for tumorigenicity
testing are nude (nu/nu) mice because they are T-cell deficient. Newborn nude mice appear to be more susceptible
to tumor formation than adult nude mice (Ref. 24), suggesting that newborn nude mice might be the best choice to
use when identification of a weakly tumorigenic phenotype is important. You might choose to use another animal
model if it has been shown to have comparable sensitivity to the nude mouse model.

Regardless of the test system you use, the animals should be observed and palpated at regular and frequent
intervals for the formation of nodules at the site of injection. Any nodules formed should be measured in two
dimensions. We consider progressive tumor formation at the site of injection a positive result. Some cell types
might cause tumors at distant sites as well (Ref. 24), and these also should be reported. Animals with nodules that
begin to regress during the period of observation should not be sacrificed, as nodules that spontaneously regress
do not represent progressively growing tumors and are not indicative of a tumorigenic phenotype. You may
euthanize any animals with tumors before the end of the study if the tumor interferes with the comfort of the
animal. Intercurrent infections, including subclinical infections, have the potential to alter the incidence of tumors,
affecting the quality of the data and interfering with the purpose of the study (Ref. 25).

You should perform a necropsy on each animal when it dies, when it is euthanized, or at the end of the
observation period. The necropsy should include examination for gross evidence of tumor formation at the site of
inoculation and in all major organ systems such as lymph nodes, lungs, brain, spleen, kidneys, and liver. All
lesions, detectable regional lymph nodes, the site of inoculation, and the lungs are to be examined histologically.
In some cases (for example, tumors distant from the site of inoculation), it might be necessary for you to use
molecular or immunological methods to distinguish cell-substrate-related from spontaneous tumors.

The inoculum per animal should consist of 10’ test cells or positive control tumor cells suspended in 0.2 mL (0.1
mL for newborn animals) volume of serum-free medium administered by the subcutaneous route. You should
inoculate at least ten animals, each with 107 test cells that are at or beyond the end-of-production passage level
and at least ten animals with your positive control tumor cells. At least 9 out of 10 animals injected with positive
control cells (e.g., HeLa cells or other cells with comparable tumorigenicity) should show progressively growing
tumors in order for your test to be valid.

Selection of the appropriate duration of testing requires that you balance the increased sensitivity that might be
obtained using a longer test, against the likelihood of false-positive results due to spontaneous tumor formation.
Weakly tumorigenic cells might require between 4 and 7 months to form tumors in nude mice. Thus, extended
observation periods might be necessary in some cases. CBER can provide you with further information on

tumorigenicity testing and the appropriate observation periods.



P35: Oncogenicity testing (see Section V. Glossary) is designed to assure that agents that could immortalize cells
and endow them with the capacity to form tumors are not present in a cell substrate. If your vaccine is
manufactured in a cell substrate that was derived from a tumor, or that has a tumorigenic phenotype through an
unknown mechanism, it might carry a higher theoretical risk of containing oncogenic substances.
If the presence of an oncogenic virus is suspected because of the cell phenotype or the origin of your cell substrate,
we recommend that you perform oncogenicity testing in animals using lysates of the cell substrate. For cell
substrates with a tumorigenic phenotype, we recommend that you perform oncogenicity testing in animals using
DNA from the cell substrate in order to provide assurance that residual DNA is non-oncogenic (also see Section
[L.C.6).
P37: The risks of oncogenicity and infectivity of your cell-substrate DNA can be lessened by decreasing its
biological activity. This can be accomplished by decreasing the amount of residual DNA and reducing the size of
Athe DNA (e.g., by DNAse treatment or other methods) to below the size of a functional gene (based on current
evidence, approximately 200 base pairs). Chemical inactivation can decrease both the size and biological activity
of DNA. If DNA removal, digestion, or inactivation is undertaken, you should validate your methods.
P46: Table 1 Example of a Biosafety Testing Scheme for Manufacture of a Viral Vaccine.
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P34: Continuous cell lines may have biochemical, biological and genetic characteristics that differ from primary
or diploid cells. In particular, they may produce transforming proteins and may contain potentially oncogenic
DNA.

P34: Procedures that extensively degrade or denature DNA might be appropriate for some products.

P35: The data required for the characterization of any continuous cell line to be used for the production of
biologicals include: a history of the cell line and a detailed description of the production of the cell banks,
including methods and reagents used during culture, in vitro culture age, and storage condition; the results of tests

for infectious agents; distinguishing features of the cells, such as biocheical, immunological or cytogenetic



patterns which allow them to be clearly distinguished from other cell lines; and the results of tests for
tumorigenicity, including data from the scientific literature.

P26: The current state of knowledge suggests that continuous-cell-line DNA can be considered as a cellular
contaminant, rather than as a significant risk factor requiring removal to extremely low levels. On the basis of this
reassessment, the Expert Committee concluded that levels of up to 10 ng per purified dose can now be considered
acceptable.

P27: The new upper limit of 10 ng of residual DNA per dose does not apply to products derived from microbial,

diploid or primary-cell-culture system.
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P42: A new diploid cell line (i.e., other than WI-38, MRC-5, and FRhL-2) should be tested for tumourigenicity as
part of the characterization of the cell line, but should not be required on a routine basis.

The tumourigenicity tests currently available are in mammalian species whose body temperatures and other
physiologic factors are different from those of avian and insect species. Therefore, when the test is performed on
avian or insect cells, the validity of the data is open to question unless a tumourigenic cell line of the species being
tested is included as a positive control. The NRA/NCL may accept the results of an in vitro test such as growth in
soft agar as a substitute for the in vivo test for avian and insect cell lines. However, as mentioned above,
correlations of in vitro tests with in vivo tests are imperfect. This should be discussed with the NRA/NCL.

Many CCLs (e.g., BHK-21, CHO, Hela) are classified as tumourigenic because they possess the capacity to form
tumors in immunosuppressed animals such as rodents. Some CCLs become tumourigenic at high PDLs (e.g.,
Vero), even though they do not possess this capacity at lower PDLs at which vaccine manufacture occurs. A
critical feature regarding the pluripotency of embryonic SCLs, even though they display a diploid karyotype, is
that they form tumours in immunocompromised mice.

The expression of a tumourigenic phenotype can be quite variable from one CCL to another, and even within
different sub-lines of the same CCL. This range of variability, from non-tumourigenic, to weakly tumourigenic, to
highly tumourigenic, has been viewed by some as indicating different degrees of risk when they are used as
substrates for the manufacture of biological products [10,11].

If the CCL has already been demonstrated to be tumourigenic (e.g., BHK-21, CHO, HEK293, CI27), or if the
class of cells to which it belongs is tumourigenic (e.g., hybridomas, SCLs), it may not be necessary to perform
additional tumourigenicity tests on cells used for the manufacture of therapeutic products. Such cell lines may be

used as cell substrates for the production of biological products if the NRA/NCL has determined, based on



characterization data as well as manufacturing data, that issues of purity, safety, and consistency have been
addressed. A new cell line (DCL, SCL, or CCL) should be presumed to be tumourigenic unless data demonstrate
that it is not. If a manufacturer proposes to characterize the cell line as non-tumourigenic, the following tests
should be undertaken.
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P48: Oncogenic activity from cell substrates could be due to either the cell substrate DNA (and perhaps other
cellular components) or an oncogenic agent present in the cells. Although there might be a perception that the
cellular DNA from highly tumourigenic cells would have more oncogenic activity than the DNA of weakly or
nontumourigenic cells, at this time, it is not known if there is a relationship between the tumourigenicity of a cell
and the oncogenicity of its DNA. Nevertheless, the NRA/NCL might require oncogenicity testing of the DNA and
cell lysate from a new cell line (i.e., other than those such as CHO, NSO, Sp2/0, and low passage Vero, for which
there is considerable experience) that is tumourigenic in animal model systems (see below) because of the
perception that a vaccine manufactured in such a cell line poses a neoplastic risk to vaccine recipients.
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While protein-coding RNA has not been considered to be a risk factor for biological products due to the unstable
nature of RNA and the lack of mechanisms for self-replication, the recent description of small non-coding RNA
molecules — microRNA (miRNA) — that are more stable and have the capacity to modulate gene expression might
necessitate a reassessment. Whether these miRNA molecules can be taken up by cells in vivo is unknown. However,
as stated above, because certain miRNA genes can be oncogenic, DNA containing such sequences may need to be

considered along with oncogenes when assessing the risk of rcDNA (see B.9 Oncogenicity). However, because this



is an evolving area of research, no conclusions can be made regarding the risk of miRNA, and no recommendations

are made to control miRNA.
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P4: Tumourigenicity testing would not be required for cell lines for which relevant information
is available such as MDCK, Vero, PerC.6 or for primary cells of chick origin.
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P51: Carcinogenicity studies are not required for vaccine antigens. However, they may be required for particular
vaccine components such as novel adjuvants and additives.
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P33: Potential safety concemns for a vaccine product include those due to inherent toxicities of the product,
toxicities of impurities and contaminants, and toxicities due to interactions of the vaccine components present in

the vaccine formulation.

P48: In certain cases, the results from evaluations of immune response from nonclinical and clinical studies, or
from data on natural disease, may indicate immunological aspects of toxicity, e.g. precipitation of immune
complexes, humoral or cell-mediated immune response against antigenic determinants of the host itself as a
consequence of molecular mimicry or exacerbation of the disease (e.g. inactivated measles vaccine). In such cases,

additional studies to investigate the mechanism of the effect observed might be necessary.



Great similarity of vaccine determinants 'and host molecules could cause autoimmune reactions induced by
molecular mimicry (26). Therefore, any vaccine antigen whose characteristics might mimic those of a host antigen
should be treated with caution, even though it is recognized that molecular mimicry does not necessarily
predispose to autoimmunity.

Because considerable efforts may be required in selecting and devel- oping relevant animal models to address the
above issues, caution should be exercised and a strong rationale provided when developing vaccines for diseases
associated with autoimmune pathology.

If data suggest that the pathogen against which the vaccine is directed may cause autoimmune pathology, studies
may be needed to address this concern on a case-by-case basis, if an appropriate animal model exists.

It should be noted that observations of biological markers for auto- immune reactions are not necessarily linked to
pathogenic conse- quences. For instance, the presence of autoimmune antibodies does not necessarily indicate the
induction of autoimmune disease (25).

When hypersensitivity reactions induced by the antigen(s), adjuvants, excipients or preservatives are of concern,

additional investigations may be warranted.
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P36: 1.Testing for the Presence of Residual Cells

You should assure that your final vaccine product does not contain residual cells. Processes, such as filtration,
should be implemented and validated to ensure that intact cells are not present in the final product. Validation that
residual cell removal processes are robust is important for immortalized cells. Determining the extent to which
intact cells (or other materials known to be smaller than intact cells) are cleared by these processes is an important
part of this validation.

2. Testing for Residual Cellular DNA

Residual DNA might be a risk to your final product because of oncogenic and/or infectivity potential. There are

several potential mechanisms by which residual DNA could be oncogenic, including the integration and



expression of encoded oncogenes or insertional mutagenesis following DNA integration. Residual DNA also
might be capable of transmitting viral infections if retroviral proviruses, integrated copies of DNA viruses, or
‘extrachromosomal genomes are present.
(FETEDNAD B ABHEIC DV TORER, BY)
You should measure the amount and size distribution of residual DNA in your final product. For widely used
human diploid cell strains, such as MRC-5 and WI-38 cells, measurement of residual DNA might be unnecessary
because we do not consider residual DNA from these human diploid cells to be a safety issue. We might require
limitation of the amount of residual DNA, depending on the potential risks associated with that DNA, for human
diploid or primary cell types for which there is less experience. You should limit residual DNA for continuous
non-tumorigenic cells, such as low-passage Vero cells, to less than 10 ng/dose for parenteral inoculation as
recommended by WHO. Because orally administered DNA is taken up approximately 10,000-fold less efficiently
than parenterally administered DNA, we recommend limiting DNA to less than 100 pg/dose for oral vaccines. If
you are using cells with tumorigenic phenotypes or other characteristics that give rise to special concerns, more
stringent limitation of residual DNA quantities might be needed to assure product safety.
3. General Safety Test (GST)
The requirements for, and the exceptions and criteria for exception from, the GST are set forth in 21 CFR 610.11.
T (RAABEOEREINAOEERBRD S a2 2y hu—b, 021 CFR610. LLIZED bife—
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P3: Potential safety concerns associated with vaccines include general systemic toxicity, (paradoxical)
enhancement of the intended disease, induction of local toxicity, pyrogenicity, adverse immunologic effects such
as autoimmunity or sensitisation, and in some cases teratogenic/reproductive effects. Historically, serious
neurological events have been associated with the use of some vaccines. The availability of animal models to
address these issues should be considered in the development of a new vaccine.

P4: The applicant should consider the following points on a case by case basis:

- Where appropriate, specific consideration should be given to immunological aspects of toxicity, such as
production of complexes with host immunoglobulins (e.g. antibody-dependent enhancement of disease) or release
of immunofunctional molecules, (e.g. cytokines) affecting functions of the immune system.

- Hypersensitivity reactions, induced by the antigen itself, by antigens (toxins) modified in new ways (new
detoxification procedure, by antigen-carrier complex or presence of minute amounts of impurities) or by additives
(adjuvants/excipients/preservatives) may be increased (especially for vaccines proposed to be injected more than
once). -

- In some rare cases, antigenic substances can induce antibodies that can cross-react with human tissue resulting in



possible adverse effects and the availability of an animal model to address these issues should be considered.
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P11:Adjuvants themselves might be immunogenic and testing should be considered with respect to the induction
of hypersensitivity in appropriate models (e.g. passive cutaneous anaphylaxis assay [PCA], and the active
systemic anaphylaxis assay [ASA]). An adjuvant-induced increase of IgE against the antigen should be considered
~as a possible concern for induction of hypersensitivity and anaphylaxis.
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P4: The composition and source of media used for all cell culture manipulations including cell passaging, virus
isolation and virus propagation should be recorded in detail. If substances of human or animal origin are used they
should be free from extraneous agents. Bovine serum used for the preparation and maintenance of cell cultures
should be irradiated and should comply, in principal, with the Note for guidance on the use of bovine serum in the
manufacture of human biological medicinal products. Animal-derived materials used in cell culture
manipulations must be compliant with the current version of the Transmissible Spongiform Encephalopathy Note
for Guidance.
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P6: Assuring that the vaccine virus strain remains stable during passage in cell culture is an important component
of cell substrate selection. Different cell lines may apply different selective pressures on the vaccine virus, which
could alter its sequence and possibly its phenotype. For example, when Sabin poliovirus strains are grown in
different cells, their likelihood of reversion to neurovirulence is different (Ref. 8). If attenuating mutations or
other genetic 1harkers (including expression of antigens relevant to immune response) of the vaccine virus are
known, data regarding the influence of serial passage in the cell substrate on retention of these markers can be
useful in characterizing the genetic stability of the vaccine virus.

Whatever starting materials are used for the generation of the cell substrate (e.g., parent cells or plasmids used for
genetically engineered cells), any available information about those starting materials and their characterization
(e.g., sequence of the plasmid) should be provided. If a sponsor starts with a primary cell to generate a novel cell

substrate, complete information on donor screening and testing should be provided.

P15: We recommend that you extensively characterize your MVS, as this characterization also provides assurance
regarding the characteristics of subsequent passages, including the WVS. In addition, you should demonstrate the
stability of the genotype and phenotype following viral passages beyond the level used in your production.
Genotypic characterization of a viral seed includes its sequence, and may include analysis of viral subpopulations
and its genetic stability, including susceptibility to reversion. Phenotypic characterization of a viral seed may

include assessment of tissue tropism, attenuation properties, and temperature sensitivity, if applicable.

P36: You should demonstrate the genetic stability of your cell substrate from the establishment of t.he MCB

through and perhaps beyond the end of production.
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P6: Qualification i) The haemagglutinin and neuraminidase antigens of each seed lot are identified as originating
from the correct strain of influenza by suitable methods. Usually, specific antisera obtained from a WHO
Collaborating Centre for Influenza are used for determination of HA and NA identity. It is possible that reagents
may not be available for the chosen mock-up vaccine, so alternative tests to identify the seed virus (e.g. PCR)
should be developed for the mock-up vaccine. '

P6: iii) Where the influenza seed virus is prepared using reverse genetics, the sequence of the HA and NA genome
segment of the influenza virus should be verified and compared to the genome segments of reference virus to
confirm the genetic stability of the production influenza virus. This should preferably be done at the level of the

Working Seed Virus, and at least up to one passage beyond the level representing the final vaccine.
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P40: Any form of genetic stability could potentially affect the quality of the final product and it will be important
to know if the cells in culture are changing in a way that could affect the nature or safety of the product. Any
features of the cell lines that might affect quality should be discussed with the NRA/NCL to ensure that tests used
by the manufacturer to monitor genetic stability are adequate. The specific tests will vary according to the nature
of the product, but the aim is to show consistency in the amount and characteristics of the product derived from
cells within a few passages of the MCB or WCB with those derived from an ECB or EOPC.
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P40: For cell lines containing DNA expression constructs, the stability of these constructs between the



