[ DOCKET NO. 96N-0400]

Points to Consider on Plasm d DNA Vacci nes for
Preventive Infectious Di sease |ndications

For further information about this docunent, contact:

Valerie A. Butler

Center for Biologics Evaluation and Research (HFM 630)
Food and Drug Admi nistration

1401 Rockville Pike, Suite 200N

Rockville, NMD 20852-1448

301-594- 3074

Comments should be identified with the docket number found in
brackets in the heading of this docunent.

Submit witten conmments on this draft to:

Dockets Managenent Branch ( HFA-305)
Food and Drug Admi nistration

Rm 1-23, 12420 Parklawn Drive
Rockville, MD 20857

Submt witten requests for single copies of this to:

O fice of Communication, Training and Manufacturers
Assi stance (HFM 40)

Center for Biologics Evaluation and Research (CBER)
Food and Drug Admi nistration

1401 Rockville Pike

Rockville, NMD 20852-1448

Send one sel f-addressed adhesive | abel to assist that office
in processing your requests. The docunent may al so be
obtained by mail by calling the CBER Voice Information System
at 1-800-835-4709 or 301-827-1800, or by fax by calling the
FAX I nformation System at 1-888- CBER- FAX or 301-827-3844.

Persons with access to the | NTERNET nay obtain the docunent
using the Wwrld Wde Wb (WA or bounce-back e-mail. For WAW
access, connect to CBER at
“http://ww. fda. gov/cber/cberftp.html”. To receive the
docunment by bounce-back e-mail, send a nessage to

“plasm d@l. cber.fda. gov”.



PO NTS TO CONSI DER ON PLASM D DNA VACCI NES FOR
PREVENTI VE | NFECTI OQUS DI SEASE | NDI CATI ONS

FOOD AND DRUG ADM NI STRATI ON
Center for Biologics Evaluation and Research
O fice of Vaccine Research and Revi ew

Decenber 1996



TABLE OF CONTENTS

1. CBER APPROACH TO REGULATI ON OF PLASM D DNA PREVENTI VE

VACCE NES. . . . 4
LT PRODUCT CONSI DERATI ONS FOR AN | ND
SUBMSSION. .............. 6

A Pr oduct Manuf actur e and
Characterization.............. 7

B. Speci fications for t he Bul k Pl asm d
Product........... 9

C. Final Product Lot Rel ease
Testing.................... 11
I V. CONSI DERATI ONS FOR PLASM D DNA VACCI NE
MODI FI CATI ONS. . . ... 12

A Plasm d DNA Preventive Vacci ne Vect or
Structure...... 14 B. D N A S e g u e n c e
Information. .. ......... ... . . . ... . ... ... 15 C. Lipids,

M crosphere Encapsul ation, Cytokines . . . . . . ......... 16



V. PRECLI NI CAL | MMUNOGENI CI TY AND SAFETY EVALUATI.ON....... 17

A. G e n e r a I
Considerati OnNs. . ....... .. 17

B. I m m u n o] g e n i c i t y
Evaluation......... ... ... .. ... ... ... ... . e« .« . . . . . . 18

C. Local Reactogenicity and System c Toxicity Studies. 19

D. Genetic TOXiCity. ... e e i 20

E. Repr oduct i v e Tox i ci ty
Studies........ .. .. ... .. .. 22

F. T u m o r i g e n i c i t y
Studies. . ... .. 23

VI. USE OF ADJUVANTS AND DEVI CES TO DELIVER THE

VACCI NE. . . .... 24
VII. P R E - I N D
MEETI NGS. . . . . 25
V I [ I ) I N D
SUBM SSI ONS. . . . . e 26

A. G e n e r a [
Considerati ons. . ........ . . ... ... 26

B. C I [ n i c a [

Investigations. ... ........ ... ... ... 26



I X, CONCLUSI ON. . . e e e e e e

.27

AT T ACHNENT . . .

A-1



PO NTS TO CONSI DER ON PLASM D DNA VACCI NES FOR

PREVENTI VE | NFECTI OUS DI SEASE | NDI CATI ONSt

| NTRODUCTI ON

The use of purified preparations of plasm d DNA

(deoxyri bonucl eic acid) constitutes a new approach to vaccine
devel opnent. Plasni d DNA vaccines nay find application as:
preventive vaccines for viral, bacterial, or parasitic

di seases; immuni zing agents for the preparation of hyperi nmune
gl obul i n products; therapeutic vaccines for infectious

di seases; or for other indications such as cancer. This
docunent is intended to provide manufacturers with prelimnary
gui dance regardi ng the manufacture and preclinical eval uation
of plasm d DNA vacci nes intended for clinical studies in
preventive infectious disease indications and to assi st

manuf acturers in the preparation of Investigational New Drug
Applications (INDs) for use of these vaccines. To facilitate
interactions between the Center for Biologics Evaluation and

Research (CBER) and manufacturers, a comon under st andi ng

This Points to Consider docunment is an informal conmunication under 21
CFR 10.90(b)(9) that reflects the best judgement of FDA enployees at this
time. It does not create or confer any rights, privileges or benefits for or
on any person, nor does it operate to bind or obligate FDA in any way.



shoul d exi st regardi ng the biol ogical and physical properties

of plasm d DNA vacci nes.

For the purposes of this docunent, plasm d DNA vaccines are
defined as purified preparations of plasn d DNA designed to
contain a gene or genes for the intended vaccine antigen as
wel | as genes incorporated into the construct to allow for
production in a suitable host system Plasm d DNA vacci nes
currently under devel opnent are constructs derived from
bacterial plasm ds that contain one or nore genes from an

i nfectious agent. These plasm ds possess DNA sequences
necessary for selection and replication in bacteri a;
eukaryotic pronoters and enhancers; and transcription

term nation/ pol yadenyl ati on additi on sequences for gene
expression. This docunment presunmes that bacteria are to be

used to produce the plasm d DNA preparations.

Pl asm d DNA vacci nes are biol ogical products within the
meani ng of the Public Health Service Act and are regul ated by
CBER (42 U.S.C. 262). The regulations that govern the use of
bi ol ogi cal products apply to plasn d DNA vacci nes (See e.g.,
21 CFR Parts 600, 601, and 610). O her gui dance docunents

that are available from CBER may contain information that is



rel evant to plasnm d DNA vacci nes (Attachnment). Concerns
associated with the manufacture, preclinical evaluation, and
clinical studies for these vaccines are simlar to those for
ot her bi ol ogi cal products. However, because the current state
of scientific know edge with respect to the use of plasmd
DNAs as preventive vaccines is |limted, manufacturers/sponsors
shoul d give particul ar enphasis to the preclinical safety

eval uati on.

Thi s docunment is intended to assist manufacturers with their
product devel opment plans as they are applied to the

devel opment of preventive vaccines for infectious diseases.

Pl asm d DNA vacci nes which are intended for use as preventive
vacci nes and therapeutic vaccines for infectious diseases
shoul d be submitted to the Office of Vaccines Research and
Revi ew (OVRR) where primary review responsibility is assigned.
Concerns related to plasm d DNA products intended for

t herapeutic indications other than infectious diseases should
be directed to the Division of Applications Review and Policy
(DARP), O fice of Therapeutics Research and Revi ew ( OTRR)
which will have primary review responsibility for those
products. The ?Points to Consider in Human Somatic Cell and

Gene Therapy” addresses products in this category. FDA



publ i shed a notice of availability for this docunment in the

FEDERAL REG STER on November 29, 1991 (56 FR 61022). Pl ease

note that the preclinical recomendations discussed later is
this docunent nmay not always apply in the case of therapeutic

products.

As wi th other guidance and PTC docunents FDA does not intend
this docunent to be all inclusive. It is intended to provide
i nformati on and does not set forth requirenents.

Manuf acturers may follow the procedures outlined in this
docunment or may choose to use alternative procedures that are
not provided in this docunent. Prior to using alternative
procedures a manufacturer may wi sh to discuss the matter with
FDA to prevent expenditure of resources generating data that
FDA may | ater determ ne to be unacceptable. Although this
points to consider docunent does not create or confer any
rights for or on any person and does not operate to bind FDA
or the public, it does represent the agency’ s current thinking

on issues related to plasm d DNA vaci nes.

I'l. CBER APPROACH TO REGULATI ON OF PLASM D DNA PREVENTI VE

VACCI NES



Manuf acturing and preclinical devel opnent concerns associ at ed
with the use of plasm d DNA vaccines are simlar to those for
ot her bi ol ogi cal products. CBER will evaluate each new
vacci ne on a case-by-case basis with particul ar enphasis on
each conponent of the vaccine as it may relate to the safety
and potential efficacy of the product. O concern is the
source of the DNA incorporated into the vector, including
eukaryotic pronoters and enhancers;

term nati on/ pol yadenyl ati on addition sites; antibiotic

resi stance markers; and other selection markers. In order to
l[imt the possibility for chromosonal integration, honol ogy of
pl asm d DNA sequences to known sequences in the human genone
shoul d be exam ned and descri bed, and strong honol ogy avoi ded
if possible. Viral pronoters and manmalian and viral

term nation and pol yadenyl ati on signals are frequently used,
however, the results of expression and safety studies should
dictate the choice of regulatory control sequences used in

pl asm d DNA constructs. Antibiotic resistance is comonly
enpl oyed as a selection nmarker. |In considering the use of an
antibiotic resistance marker, CBER is advi sing manufacturers
agai nst the use of penicillin or other RB-lactam anti biotics as
t hese antibiotics can, in certain individuals, result in

allergic reactions ranging in severity fromskin rashes to



i medi at e anaphyl axis. Wen an antibiotic resistance marker
is required in a plasm d DNA vacci ne construct, CBER advi ses
the use of an antibiotic such as kananycin or neonycin. These
am nogl ycosi de anti biotics are not extensively used in the
treatment of clinical infections due to their low activity
spectrum preval ence of kanamycin-resistant bacteria, and
their problematic therapeutic index with toxicities including
irreversible ototoxicity and nephrotoxicity. Specifications
for the level of antibiotic present in the final container
shoul d be established and should consider the m ninum | evel of
antibiotic that will give an unintentional clinical effect.
The use of alternative antibiotic resistance markers or the
use of suppressor tRNA genes in a plasm d construct intended
as plasm d DNA vacci ne should be discussed with CBER prior to

full scal e devel opnent of a new vacci ne product.

Until such tinme that CBER has accrued sufficient information
regardi ng the safety of plasm d DNA preventive vaccines, a new
pl asm d construct using a conmon vector and differing only in
the antigen to be expressed may be considered a new product
and subject to preclinical safety evaluation as delineated in

| ater sections. Once CBER has nore experience in the review

of plasm d DNA vacci ne products, abbreviated preclinical



devel opnent prograns may be proposed for common pl asn d
vectors. Full product characterization and devel opment may
not be necessary prior to the initiation of a phase 1 clinical
study and this may be discussed with CBER prior to subm ssion

of an I ND application.

L1 PRODUCT CONSI DERATI ONS FOR AN | ND SUBM SSI ON

The follow ng considerations are intended to clarify the type
and extent of information that should be included in an I ND
application for a new plasm d DNA preventive vaccine. |t nmay
al so be useful to refer to the ?FDA CGui dance Concerni ng
Denmonstrati on of Conparability of Human Bi ol ogi cal Products,

I ncl udi ng Ther apeutic Bi ot echnol ogy-derived Products”. The
notice of availability for this document published in the

FEDERAL REG STER on April 26, 1996 (61 FR 18612). This

docunment di scusses changes manufacturers may apply to product
manuf acturi ng processes w thout perform ng additional clinical

studies to denonstrate safety and efficacy.

A. Product Manuf acture and Characterization

When preparing an | ND application for a new plasm d DNA



vacci ne, the follow ng specific product information should be
subm tted. The application should describe all conmponents

t hat were used during manufacture as well as those present in
the final product. The application should describe in detail
t he plasm d DNA vacci ne vector construction, including the
source and diagranms of all plasm ds used, and all internediate
recombi nant DNA cl oning procedures. Prior to |licensure, the
DNA sequence of the plasm d DNA shoul d be provided for each
vacci ne construct by direct sequencing of the plasm d present
in the Master Cell Bank. Prelimnary clinical investigations
may proceed with plasm d DNA products characterized using a
conmbi nati on of direct sequence and restriction enzyne
analysis. In the case where the sane plasm d vector is used
to express a different inserted gene, manufacturers should

di scuss with CBER whet her abbrevi ated sequence i nformation
including the inserted gene or genes and fl anking regions wll
be adequate. During production, other nethods of sequence
verification, such as restriction enzyne mappi ng and

pol ymerase chain reaction (PCR) may be enpl oyed at

i ntermedi ate steps.

For the purposes of this docunent and consistent with products

currently under devel opnment, plasm d DNA vacci nes are



envi si oned as being produced primarily in bacterial host
systens. Wth this consideration in mnd, devel opers of these
vacci nes should provide the genotype, phenotype, and source of
the bacterial cells, as well as the procedures used to
generate a clonal population. Specific guidance for the
establ i shnment of Master Cell Banks (MCB) and Working Cell
Banks (WCB) is described in the ?Points to Consider in the
Characterization of Cell Lines Used to Produce Biol ogicals
(1993)”. Both the MCB and WCB shoul d be tested to ensure that
they are free from bacteri ophage and ot her adventitious agent
contam nation and for the maintenance of specific rel evant
characteristics, (e.g., RecA, Kan', etc). The manufacturing
process should be described in sufficient detail so as to
enabl e an assessnment of the safety of the product. |If changes
in product manufacture occur during the devel opment and
preclinical safety evaluation, a clear summry shoul d be
provided illustrating all differences between | ots of vaccine
used in preclinical studies and those intended for use in

clinical studies.

B. Speci fications for the Bulk Plasm d Product

| f bul k and final product are the sane (i.e., if production



runs yield one lot and no further steps in fornulation are
performed), then testing as described bel ow may be redundant
and unnecessary. Bulk plasm d products should be tested for
the properties described below. Standard assay(s) of adequate
specificity and sensitivity can be used. Assay nmethods should
be evaluated by testing known anmounts of reference materials,
spi ked sanmpl es, or other appropriate neasures, and data

docunmenti ng assay performance should be submtted to the |IND

The DNA content in the bulk plasm d DNA vacci ne and the
presence of other cell-derived contam nants such as RNA
(ribonucleic acid) and proteins should be evaluated. The
Assol Asgo rati o of absorbance may be useful in this regard. A
test for honogeneity of size and determ nation of plasmd
structure (i.e., supercoiled vs. linear and rel axed circul ar
DNA or concatamers should be perfornmed). Agarose gel

el ectrophoresis may be a useful technique to collect this
information. A test for contam nating RNA or host DNA should
al so be included in the analysis. Blot hybridization

t echni ques (Southern and Northern) in conbination with gel

el ectrophoresis will add to the sensitivity of the procedures.
Appropriate tests to detect contam nating proteins also should

be performed. The use of silver stained gels will provide a

10



hi gh degree of sensitivity to detect contam nating proteins
and woul d be preferred over Coomassie Blue stained gels. In
addi ti on, imrunol ogic techni ques, such as enzyne-|inked

i mmunosor bent assay (ELISA) or Western blot, nmay be useful to

det ect contam nating host proteins.

The identity of the DNA plasm d vacci ne may be detern ned by

restriction enzyme digestion with nultiple enzynes. In cases
of production of simlar constructs in the same manufacturing
facility, it is recommended that tests capable of

di stingui shing individual plasm ds be performed. A test for

sterility to detect aerobic and anaerobic bacteria should be

perfornmed. Specific preclinical tests nay be appropriate for
products having specific safety concerns such as those DNA

pl asm d vacci nes incorporating co-stimnmulatory cytokine genes

or formulated with novel lipid or adjuvant conponents.

Whenever possible, a potency assay should nmeasure the |evel of
producti on and i munogenicity of the gene product expressed by
the plasm d vaccine. Expression of the gene inserted into the
pl asm d vacci ne can be detern ned by transfection of
appropriate cells and denonstration of antigen expression by

an appropriate assay, wherein sensitivity and specificity have

11



been determ ned. The selection and inplenentation of a
potency assay may be discussed with CBER to ensure

acceptability of the design.

C. Fi nal Product Lot Rel ease Testing

During early product devel opnent and clinical investigation,
specifications and criteria for |lot release should be defined.
Pl asm d DNA vacci ne products intended for phase 1 clinical
studi es should be tested for potency, general safety,
sterility, purity, quantity, and identity. A test for potency
may be an in vitro or in vivo test to evaluate the specific
ability of the vaccine to effect a given response, such as an
i mmune response in mce or the production of the pertinent
antigen in a transfected cell line. The general safety test
shoul d be perfornmed in mce and guinea pigs on each |ot of

pl asm d DNA vaccine to detect extraneous toxic contam nants
potentially introduced during manufacture. [FDA pronmul gated a
final rule on May 14, 1996 (61 FR 24227) entitled “Elimnation
of Establishment License Application for Specified

Bi ot echnol ogy and Specified Synthetic Biol ogical Products”

t hat exenpts therapeutic DNA plasm d products.] A test for

sterility should be performed. A test for purity should be

12



perfornmed on each |ot to ensure that the product is free of
extraneous material except for that which is unavoi dabl e due
to the manufacturing process. Oher tests for quality of the
final product should include an eval uation for residual

noi sture (required for |icensed products) if the product is

| yophilized, and a test for the presence of pyrogenic

subst ances. Each | ot of vaccine should be tested to establish
the identity of the material in the final container. In
addition to final product |lot release, in-process testing
shoul d al so be perfornmed to ensure manufacturing consistency
and product safety. Acceptance criteria and acceptable linmts
shoul d be established and the results reported for each | ot of
vaccine to be used for clinical studies. For plasm d DNA
vaccine products in their final container form adventitious

agent testing may be limted to sterility tests.

RNA, protein, and bacterial genonm c DNA are possible

contam nants that may be introduced during product

manuf acture, and the presence of these possible contam nants
shoul d be nmonitored in the product. Plasm d-derived DNA
speci es such as linear and rel axed circular DNA may be |ess
effective in expressing the inserted antigen gene. There

shoul d be a specification for the m ni mum amount of

13



supercoi |l ed DNA present. This paraneter should be a mjor

criterion neasured during stability studies.

| V. CONSI DERATI ONS FOR PLASM D DNA VACCI NE MODI FI CATI ONS

CBER general |y considers significant changes in the antigen or
pl asm d regul atory genes in a plasnm d DNA preventive vacci ne
vector to constitute a new product, that should be the subject
of a new IND application. This policy will be evaluated on a
periodic basis as plasm d DNA vacci nes enter clinical study
and CBER gai ns experience in the review of these products.
However, related plasm d DNA vacci nes that contain simlar
antigen genes intended for expression (e.g., influenza HA
genes) may in sonme cases be considered nmenbers of a panel,
anal ogous to panel s of nmonocl onal antibodi es and described in
i nformational amendnments to a single IND. Each nenber of a
panel should neet all specifications included in rel ease
testing and should receive appropriate preclinical testing.

Pl ease refer to the "Draft Points to Consider in the

Manuf acture and Testing of Monocl onal Antibody Products for
Human Use (1994)" for further information. FDA published a

notice of availability for this docunent in the FEDERAL

REG STER on August 3, 1994 (59 FR 39571). |If the plasm d DNAs

14



are simlar in nucleotide sequence, are used for the sane

i ndi cati on, and have sim | ar predicted biological effects, the
preclinical testing needed may be abbreviated after
consultation with CBER. Data that are needed for full product
characteri zati on and devel opnment may not be required prior to

begi nni ng phase 1 trials.

Changes in manufacture inplenented prior to product approval
should be fully described in the IND application. If a
sponsor can denonstrate conparability, additional clinical

saf ety and/or efficacy trials with the new product wl|
generally not be needed. FDA may determ ne that two products
are conparable if the results of the conparability testing
denonstrate that the manufacturing change does not affect
safety, identity, purity, or potency. Please refer to the
?FDA Gui dance Concerni ng Denonstration of Conparability of
Human Bi ol ogi cal Products, Including Therapeutic

Bi ot echnol ogy-derived Products” for further information.

A. Pl asmi d DNA Preventi ve Vacci ne Vector Structure

Changes in a plasm d DNA vector, exclusive of the antigen gene

i ntended for expression, may generally result in the plasmd

15



vacci ne being considered a new product. Alteration of a
single base-pair in a control region of the DNA plasm d may
alter its safety properties, in which case a full eval uation
of safety in preclinical studies may be needed. O her
alterations may not affect the safety profile of the plasnid
DNA vacci ne vector and may be considered for abbreviated

saf ety testing.

A change in the inserted gene with no change in the plasmd
DNA vaccine vector may in sone cases be considered as a

nodi fication requiring only abbreviated testing. For exanple,
if the same plasm d vector is used to express a series of

rel ated proteins, then the safety issues for each DNA plasmd
vaccine are only those presented by the insert and its
expressed product. As the imune response to the inserted
antigen gene may vary and since the gene products expressed by
the plasm d DNA vacci ne m ght raise specific safety concerns,
FDA will determ ne the degree of required testing on a case-
by-case basis. Sponsors should consult with CBER early in

devel opment to discuss these issues for individual products.

In sone cases, preclinical testing such as tissue

| ocalization, assessment of germline alteration, and ani na

16



phar macol ogy/t oxi col ogy studies may not need to be repeated.

I nstead, the relevant safety studies could focus on safety
related to expression of the inserted gene or genes. Possible
adverse effects mght include expression of the antigen gene
in inappropriate tissue sites, overexpression, or unexpected

i mmune responses, such as inappropriate nodul ation of the

i mune response resulting in i munopathol ogy.

B. DNA Sequence | nformation

The conpl ete DNA sequence of each plasm d construct intended
for licensure should be determned. Initial phase 1 clinica
investigations may be initiated with a conplete restriction
enzyme anal ysis of the plasm d vector and the DNA sequence of
the inserted gene. |In the case of multiple related plasm ds,
adequate characterization may include sequencing of the

i nserted gene and enough sequence of flanking regions and
control regions to characterize the insertion and verify

integrity of flanking regions.

C. Li pids, M crosphere Encapsul ati on, Cytokines

The use of novel conponents and delivery systenms, such as the

17



use of novel cationic |lipid preparations to enhance uptake and
expression of a plasm d DNA vaccine adm ni stered by intranasal
i nmuni zation, may necessitate specific preclinical evaluation
to ensure safety. The use of specialized delivery systens
such as the encapsul ation of the plasm d DNA vaccine in poly
(DL-1actide-coglycolide) (PLG mcrospheres may al so
necessitate preclinical evaluation. Simlar considerations
apply if other conmponents, such as cytokine genes, are added
to plasm d DNA vacci ne vectors.

CBER intends to consider and evaluate alternative nethods for
pl asmi d DNA vacci ne manufacture and preclinical safety

eval uati on. We encourage DNA plasm d vacci ne devel opers to
initiate an early dialogue with CBER prior to finalizing the
design of plasm d constructs, manufacturing processes, or
devel opnent of the pivotal preclinical Good Laboratory
Practice (GLP) studies to support safety evaluation of the

vacci ne.

V. PRECLI NI CAL | MMUNOGENI CI TY AND SAFETY EVALUATI ON

A. Gener al Consi derati ons

The preclinical evaluation of plasm d DNA vaccines is an

18



i nportant aspect of their devel opnent as candi date vacci ne
products. In designing preclinical studies, the primry

consi deration should be the intended clinical use, since the
primary goal of preclinical studies is to obtain enough
relevant data to allow initiation of a phase 1 clinical study.
Both in vivo and in vitro studies my be enployed to assess
whet her the product may be used safely in clinical studies.
The type, duration, and scope of animal studies and ot her
tests will vary with the duration and nature of the proposed
clinical investigations. For exanple, a preventive vaccine

i ntended for one-time admnistration will have supporting data
different froma therapeutic vaccine that may be adm ni stered
repeatedly. The pivotal aninmal safety study(ies) should be
performed in accordance with GLP regul ations (21 CFR 58). The
use of non-traditional animl nodels of disease or chall enge
studies may al so be useful for certain indications. Relevant
ani ml nodels may al so include the use of aged animals for the
eval uati on of vaccines proposed for use in elderly

popul ati ons.

B. | mmunogeni city Eval uation

During the preclinical devel opment of these new vacci nes,

19



sponsors shoul d devel op adequate assays for the assessnment of
t he i mmunol ogi cal potency of the vaccine. These results wll
be useful in choosing a proposed dose for clinical studies.
The preclinical studies should be designed to assess the

i mune response, including seroconversion rates, geonetric
mean antibody titers and, if possible, cell-nediated i mune
responses in vaccinated animals. These studies should al so be
designed to collect information regarding the duration of
antigen expression and whether |ong-term expression wll
result in tolerance or autoimunity. Where appropriate and
when possi bl e, animal chall enge/protection studies with the
corresponding i nfectious agent are encouraged early in

devel opnent to denpbnstrate the rationale for the use of the

i nvestigational vaccine. For those DNA plasm d vaccine
constructs that co-express cytokine genes, specific
preclinical studies should be considered to assess whet her
nodul ati on of the cellular or hunoral conponents of the inmmne
system m ght result in unintended adverse consequences, such
as generalized i mmunosuppression, chronic inflanmtion,

autoi mmunity or other imunopathol ogy. Wen plasm d DNA
vacci nes are used in vaccination strategies enploying a
correspondi ng subunit vaccine, such as in prinme and boost

study designs, specific preclinical information should be

20



submtted to support the schedule and route of adm nistration

wi th each vacci ne conbi nati on.

C. Local Reactogenicity and System c Toxicity Studies

Studi es designed to assess system c toxicity may be conbi ned
with the assessnent of local site reactogenicity. The design
of these studies should include dose-rangi ng and dose-
escal ati on, considering the anticipated dose and schedul e of
adm ni stration in clinical studies. The assessnents witten
into the preclinical study protocols should include toxicity
to potential target organs, including the hematopoietic and

i mmune systens. Preclinical studies should also include
clinical pathol ogy, gross evaluations, and histopathol ogy of

ti ssues.

Local site reactogenicity studies should include detail ed
clinical and histol ogi cal evaluations of injection-site tissue
obt ai ned from bi opsi es or term necropsy sanples. Studies
shoul d be designed to assess the distribution or tropism of

t he vaccine for specific tissues. These studies should define
the duration of vaccine i nmunogen expression and persistence

of the vector in somatic cells containing the plasm d DNA

21



vacci ne. The preclinical studies should be designed to

det erm ne whether the plasm d DNA vacci ne has an i nmunot oxi c
effect, either by inducing tolerance to the anti gen encoded by
t he vaccine or by inducing autoinmunity. These studies should
al so be designed to assess whet her anti body responses are

elicited to contam nating bacterial proteins in the vaccine.

D. Genetic Toxicity

I ntegration of the plasm d DNA vaccine into the genone of the
vacci nated subjects is an inportant theoretical risk to
consider in preclinical studies. The concern is that an

i ntegrated vaccine may result in insertional nutagenesis

t hrough the activation of oncogenes or inactivation of tunor
suppressor genes. |In addition, an integrated plasm d DNA
vaccine may result in chronosomal instability through the

i nducti on of chronpsomal breaks or rearrangenents. The
performance of a preclinical study to assess integration
shoul d focus on the potential of the plasm d DNA vaccine to
reconbi ne with endogenous host DNA sequences. Studies

desi gned to address the potential for integration should use
the nost sensitive nethods available. For exanple, PCR

studies using prinmers derived fromthe vaccine can be used to

22



exam ne tissue distribution and to distinguish between

i ntegrated versus non-integrated plasm ds in genom c DNA
preparations. Use of separative el ectrophoretic methods can
assist in the preparation of genom c DNA sanples free of
contam nating plasm ds for use in such a study as can the use
of rare restriction sites engineered into the plasmd

construct.

Local i zati on studi es designed to determ ne the distribution of
the DNA plasm d vaccine after adm nistration should be
perfornmed. \Whenever feasible, testing should include both the
i ntended route of adm nistration (e.g. subcutaneous,
intramuscul ar, intradermal, intranasal), as well as a group of
animal s treated intravenously, as a "worst-case" scenario.

The presence of the DNA plasm d vaccine in surrounding and
distal tissues as well as the vaccination site should be

eval uated using the nost sensitive detection nethods

avai lable. If aberrant or unexpected |ocalization occurs,
studi es should be conducted to determ ne whether the presence
of the DNA plasm d vaccine is associated with a pathol ogic
response. The studies should also include eval uation of the
persi stence of both the gene and its product in the target and

non-target organs.
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The effects of overexpression of antigen fromthe DNA plasm d
vacci ne should al so be considered. Aberrant expression of
sone proteins may | ead to an inappropriate activation of the

i mmune system resulting in the generation of acute or chronic
i nfl ammat ory responses, autoi nmune sequel ae, and destruction
of normal tissues. \Where generation of an autoi nmune response
is potentially a risk in either the clinical trial or the
preclinical testing, preclinical studies should be conducted
over a |l ong enough period to all ow devel opnment of these

di sorders to appear

E. Reproductive Toxicity Studies

Plasm d DNA preventive vaccines shoul d be evaluated for

m gration to gonadal tissue and possible gernmine alterations

in both male and female animals. This nay be assessed through
t he performance of PCR on gonad-derived DNA preparations from
mal e and femal e animal s vaccinated with a plasm d DNA vacci ne.
Addi ti onal studies may be needed if the product is expected to
affect normal physiol ogical processes related to fertility,

mai nt enance of pregnancy, or fetal devel opment and will depend
on factors such as the age and health status of the proposed

subj ect popul ation and the intended use. The FDA gui delines
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entitled ?Detection of Toxicity to Reproduction for Medicinal
Products” and the ?Detection of Toxicity to Reproduction for
Medi ci nal Products: Addendum on Toxicity to Male Fertility”
may be useful for assessing the effect of vaccination on
reproductive function and male fertility. The manufacturer
shoul d have early discussions with CBER on these issues prior

to the subm ssion of an I ND application.

F. Tunorigenicity Studies

Tunorigenicity studies may be appropriate under certain
conditions. A tunorigenicity study should be considered if
the results of the preclinical studies to assess integration
of the plasm d DNA vacci ne provide clear evidence of
integration activity or broad tissue distribution, or if the
vaccine is intended for chronic use in non-life threatening
clinical situations. This type of study may al so be rel evant
if the plasm d DNA vacci ne construct has extensive DNA
sequence honmol ogy to the human genone or if the vector
cont ai ns sequences of known oncogenic potential.

Manuf acturers should carefully eval uate whether to proceed
wi th product devel opment should their particular construct

exhibit integration activity.
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CBER wi | | eval uate each proposal for a clinical study of a
vacci ne candi date on a case-by-case basis. Preventive

vacci nes i ntended for nornmal healthy volunteers should have
little to no risk associated with their use, thus having a
potential high benefit to risk ratio. The study of

t herapeutic vaccines intended to treat severe or life

t hreatening chronic infections or cancer nay be acceptable in
the presence of a higher |level of risk or uncertainty. As
not ed previously, specific guidance regarding the use of

pl asm d DNA products for indications other than infectious

di seases may be obtained from OTRR. CBER intends to use sound
scientific principles in the consideration and eval uati on of
new met hods or alternative procedures for the evaluation of
safety. For further information please refer to the ?Points

to Consider in Human Somatic Cell Therapy and Gene Therapy”.

VI. USE OF ADJUVANTS AND DEVI CES TO DELI VER THE VACCI NE

The use of adjuvants and/or facilitators for the plasm d DNA
vacci ne shoul d be supported by specific preclinical evaluation
to ensure the safety of the conbination. It is inmportant to
note for licensure purposes that the adjuvant or facilitator

al one would not be licensed. Rather, it is the specific
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conbi nati on of vaccine and adjuvant or facilitator that woul d
be licensed. |If a device, yet to be approved, is used to
deliver the vaccine, the device application will be revi ewed
by the Center for Devices and Radi ol ogical Health (CDRH). An
| ND submitted for a clinical study of the vaccine shoul d
cross-reference the Investigational Device Exenption (I|DE)
application for the device submtted to CDRH. A custom devi ce
used only for vaccine delivery may not require a separate

devi ce approval but may be considered a conbination product

and reviewed as part of a Product License Application (PLA).

VI, PRE- | ND MEETI NGS

During product devel opnent, sponsors are encouraged to
schedule a pre-IND neeting with CBER to di scuss specific
concerns related to manufacture, preclinical devel opnent, and
clinical studies. In OVRR such a neeting may be schedul ed one
nonth in advance through subm ssion of an ?Executive Summary”
for the presentations at the nmeeting. Such a summary shoul d
include a product outline with a proposal or the actual
specifications for the product, the manufacturing process, the
preclinical devel opnent plan and the design of the proposed

phase 1 clinical study. A neeting may be made nore productive
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by submitting a Iist of questions to be addressed during the
meeting in addition to the materials enclosed in the

?Executive Summary.”

VI11. | ND SUBM SSI ONS
A General Considerations
The following will assist FDA in the review of |IND

applications. An IND or a Master File (MF) should be
submtted in triplicate. All the pages of the subm ssion
shoul d be nunbered. It is inmportant to provide photographs,
not photocopies, of all data that do not reproduce well, such
as gels and chromat ography data. The I ND application shoul d
have a signed and conpleted Form 1571. In addition, any
cross-reference to other IND or MF applications should be as
specific as possible, including subm ssion dates and page

nunbers where the cross-referenced i nformati on can be found.

B. Clinical Investigations
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The data needed to support phase 1 trials should focus on
safety, though some denonstration of immunogenicity is
expected. Additional data fromnore detailed testing and
results of process validation will be needed at |ater stages
in product devel opnent as well as additional evidence of
potency and efficacy. Sonetines product fornmulation is
changed as product devel opnment progresses and nmanufacturers
want to use data fromone fornulation to support trials with
different fornulations. |In this case, conparability of the
different fornul ati ons should be denonstrated by quantitative
assays including biological potency testing. Conducting |ater
phase trials with a product differing greatly froman earlier
formul ati on m ght require repeating all or part of earlier
clinical phase testing. Please refer to the ?FDA Gui dance
Concer ni ng Denonstrati on of Conparability of Human Bi ol ogi cal
Products, Including Therapeutic Bi otechnol ogy-derived

Products” for further infornation.

| X. CONCLUSI ON

This docunent is intended to provide manufacturers with
i nformati on on concerns that are associated with the new

t echnol ogy of plasm d DNA preventive vaccines and to provide
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early guidance to the regulated industry. The goal is to
create a regulatory environnment that will encourage innovation
and at the sane tine ensure that products are both safe and
effective. Manufacturers of plasm d DNA vacci nes can assi st
in achieving this goal by pursuing innovative strategies for
preclinical evaluation through the design of studies that wll
identify problenms early in product devel opment. The
interactions with the FDA may al so i nprove through an
under st andi ng of the regulatory review process and preparation

of a well-managed product devel opnment pl an.

The issues presented in this docunent were chosen to assi st
manuf act urers devel opi ng plasm d DNA vacci nes. Manufacturers
of these products should concentrate their efforts on the

pi votal preclinical safety issues. Finally, the ideas
presented here are generally advisory. This topic wll be
revisited periodically as CBER gains nore experience in the

regul atory review of subm ssions for plasm d DNA vacci nes.
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