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Guidelines for non-clinical studies of prophylactic vaccines against infectious diseases have been
published widely, but similar guidelines for therapeutic vaccines, and especially therapeutic peptide
vaccines, have yet to be established. The approach to non-clinical safety studies required for therapeutic
vaccines differs from that for prophylactic vaccines due to differences in the risk-benefit balance and the
mechanisms of action. We propose the following guidelines for non-clinical safety studies for therapeutic
peptide vaccines. (i) Since the main safety concern is related to the immune response that might occur at
normal sites that express a target antigen, identification of these possible target sites using in silico
human expression data is important. (ii) Due to the strong dependence on HLA, it is not feasible to
replicate immune responses in animals. Thus, the required non-clinical safety studies are characterized
as those detecting off-target toxicity rather than on-target toxicity.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction ~ what are therapeutic peptide vaccines?

Therapeutic peptide vaccines designated herein indicate an
‘antigen-peptide product’ for the cure of diseases, with a pharma-
cological function of inducing a cellular immune response specific
to the peptide. They do not include vaccines such as dendritic cell
(DC) vaccines based on collection of DCs from a patient and subse-
quent administration after ex vivo culture to increase antigen pre-
sentation. Administered peptide antigens are associated with class
I-human leukocyte antigen (HLA) on antigen-presenting cells
(APCs) such as DCs and are then presented to CD8+ T-cells. This
leads to proliferation and activation of cytotoxic T-cells (CTLs) that
have T-cell receptors (TCRs) specific for the peptides. The induced

* The views expressed in this article are those of the authors and do not
necessarily reflect the official views of Pharmaceuticals and Medical Devices
Agency.

* Corresponding author. Fax: +81 3 3506 9467.

E-mail address: matsumoto-mineo@pmda.go.jp (M. Matsumoto).

http://dx.dol.org/10.1016/j.yrtph.2014.06.029
0273-2300/© 2014 Elsevier Inc. All rights reserved.

CTLs assemble around disease sites and attack and disrupt abnor-
mal cells (e.g., cancer cells) that express these particular peptides
in association with HLA class L. This is the basis of the pharmaco-
logical action (e.g., anticancer activity). The immune response
can also be promoted by induction of CD4+ helper T cells that
express TCRs specific for peptides presented in association with
HLA class II (Fig. 1). A therapeutic peptide vaccine can be a single
peptide or a combination of peptides and often includes an immu-
nopotentiator (an adjuvant) to accelerate the immune response.
The most frequently used peptides have 8-10 amino acids. The
vaccine may also include a fusion of multiple peptides or a
combination of peptides and highly antigenic proteins.

Peptides are not necessarily covered by guidelines of nonclinical
studies for biopharmaceuticals (ICH-S6 (R1) guideline, ICH, 2011)
and are outside the scope of nonclinical guidelines for prophylactic
vaccines against infectious diseases (Guidelines for nonclinical
studies of prophylactic vaccines for infectious diseases, 2010).
Immune responses to vaccinated peptides differ between humans
and animals in some aspects. One important difference is the
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Dendritic cell ,
(Antigen-presenting cell)
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(Proliferation, Migration)

Cancer cells

Activation

Fig. 1. Mechanisms underlying the therapy of therapeutic peptide vaccines.

process of antigen presentation, which is based on the discrepancy
of the structure of major histocompatibility complex (MHC).
Humans have the particular structure of MHC; human leukocyte
antigen (HLA) (see Section 2.2). Taking those differences into
account will be essential in establishing the standards for conduct
of nonclinical studies for safety evaluation of therapeutic peptide
vaccines.

2. General considerations on nonclinical safety evaluation and
selection of relevant animal species for therapeutic peptide
vaccines

2.1. Safety concerns

 Toxicity of pharmaceutical applications can be divided into
two general categories of systemic and local toxicity. Systemic
toxicity is further classified into ‘on-target toxicity’ which is
related to the originally intended pharmacology of the drug;
and ‘off-target toxicity’, which is unrelated to the pharmacology
(Fig. 20-®). On-target toxicity for vaccines is related to the

(D biopharmaceuticals

on-target

off-target

[dtarget molecule?

pharmacology-unrelated

immune response against vaccine antigens. Cellular immunity is
the main action of the immune response for therapeutic peptide
vaccines, whereas humoral immunity is more important for pro-
phylactic vaccines against infectious diseases (prophylactic
vaccines).

Peptides used as active ingredients of therapeutic peptide vac-
cines are designed based on the antigenic determinant (T-cell epi-
tope) of endogenous peptides produced exclusively or in relatively
large amounts by target cells. High binding specificity of TCRs to
the peptide-HLA complex is also required for the vaccine function.
These peptides (molecular weight ~1100 for 10 amino acids) are
considerably smaller than general biopharmaceuticals (molecular
weight of tens of thousands), but unintended effects on tissues
and cells (off-target toxicity) do not generally need to be
considered because peptides are easily digested and inactivated
by peptidases, unless they have particular modifications or are
administered with carriers. Thus, as is the case with biopharma-
ceuticals, the safety concerns for therapeutic peptide vaccines is
almost exclusively limited to on-target toxicity (Fig. 2@, note the
difference in the colors). In this paper, ‘on-target toxicity’ is defined
as the toxicity that is attributed to the immune response of a

... relevant
I,Mw no relevant effect

@ prophylactic vaccines

narrow sense
on-target —{
wide sense

off-target

infection model
—

relevant
- {wl normal animals)

- no relevant effect

nAITow sense.

on-target "““"{
wide sense

off-target

—disease sites 4 " disease model

{not regarded as relevant
. tue to the need for the use of
CTL-induced animals }

normal sites

Fig. 2. On-target vs. off-target toxicities of biopharmaceuticals, prophylactic vaccines and therapeutic peptide vaccines (see Note 1).
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vaccine, whereas ‘off-target toxicity’ is defined as the one that has
nothing to do with the vaccine immune response (see below as to
the detailed explanations).

- Distinctive toxicity areas are colored with black > gray > white
based on the order of the assumed degree of safety concerns for
each pharmaceutical type. In Fig. 2, the safety concerns for prophy-
lactic vaccines or therapeutic peptide vaccines are due to the active
ingredients, rather than adjuvants. The thick arrows indicate the
standard nonclinical safety study suggested for each pharmaceuti-
cal type.

The general perspective on the on-target toxicity for vaccines is
that this includes narrow-sense on-target toxicity caused by the
action of the vaccine immune response to the target antigen itself,
and on-target toxicity derived from the antigen-nonspecific
immune response at sites other than the target antigen. The
conjunction of these two toxicities can then be defined as the
wide-sense on-target toxicity (Fig. 2@ and ®).

The examples of narrow-sense- as well as wide-sense on-target
toxicity for prophylactic vaccines are explained as follows. Suppose
a case in which a person who has been administered with a vaccine
against a certain external pathogen (e.g., virus). First, when this
person gets infected with this particular pathogen, which leads
him or her to exhibit a certain symptom that is also attributable
to the immune response to the previously administered vaccine,
this symptom belongs to “narrow-sense on-target toxicity”. Next,
if this person demonstrates a safety concern that is related to the
vaccine immune response but is not attributed to the presence of
the target antigen, (e.g., before or long after the pathogen infected),
this symptom is understood as “antigen-nonspecific on-target
toxicity”. As aforementioned, the conjunction of the above two is
categorized as “wide-sense on-target toxicity”, in a sense that they
are equally related to the vaccine immune response. On the other
hand, if this person demonstrates some safety concern that is not
at all attributed to the immune response to the vaccine, this
belongs to “off-target toxicity”, which is the case regardless of
the presence of the target antigen.

In contrast to prophylactic vaccines, where the targets are
exogenous antigens such as viruses or bacteria, the targets of
therapeutic peptide vaccines are endogenous antigens related to
diseases such as cancer. However, these endogenous antigens can
also be expressed on the surface of normal cells and the adverse
effects of targeting normal cells are likely to be more serious com-
pared to destruction of diseased cells. Hence, unlike prophylactic
vaccines, the narrow-sense on-target toxicity of therapeutic pep-
tide vaccines must account for toxicity caused by an immune
response to target antigens on normal cells (Fig. 2® narrow sense
on target toxicity (normal sites)), in addition to toxicity due to an
excessive intended immune response to abnormal tissue
(Fig. 2®, narrow-sense on-target toxicity at disease sites).

The examples of those potential target antigen of therapeutic
peptide vaccines are as follows. (1) Cancer-testis antigens are liter-
ally expressed not only in tumor cells, but also in testis (Mistry
et al,, 2013). (2) Some forms of tumor-associated antigens, i.e., car-
cinoembryonic antigen-related cell adhesion molecules (CEAC-
AMs) are expressed also in normal blood cells (Singer et al.,
2002). These characteristics of the ‘tumor antigens’ that are not
necessarily limited to tumor cells are similarly seen in both
humans and animals (Mistry et al., 2013; Singer et al., 2002).

2.2. Selection of relevant animal species

Unlike biopharmaceuticals or prophylactic vaccines, it is often
difficult to select a ‘relevant animal species’ for nonclinical evalua-
tion of therapeutic peptide vaccines. This is because the selection
of an animal species that can mimic the action of a therapeutic
peptide vaccine in humans is very limited. That is, there is no

guarantee that administration of peptides in animals will elicit
an immune response, due mainly to HLA restriction (Yoshimura
et al., 2014). Still, it is possible to induce CTLs against therapeutic
peptide vaccines in animals in which HLA restriction has been
overcome (e.g., immunodeficient mice with a functional human
immune system, or HLA transgenic mice). However, even with
model animals that have acquired the intended immune response,
evaluation may be difficult due to limited data accumulation and
the number of animals needed for the evaluation. It is thus unrea-
sonable to regard these model animals as relevant species. It might
also be possible to generate homologous peptides that could elicit
immune responses in animals similar to those in humans. How-
ever, these peptides can only be viewed as a model experimental
system that makes use of analogs differing from active ingredients
in the pharmaceutical preparation, which makes it difficult to use
this approach for safety evaluation (Fig. 4, grey area). Based on
these facts, the on-target toxicity of therapeutic peptide vaccines
is currently difficult to evaluate in animal studies.

In silico data on the target antigen distribution in human normal
tissues and tissue cross reactivity (TCR) data (see Note 2) in human
tissues (Fig. 3®) is useful in nonclinical evaluation of on-target
toxicity of therapeutic peptide vaccines. In particular, information
should be obtained on expression of target antigens in normal
human tissues during the embryonic and neonate stages.

In animal studies, CTL-induced animals may be considered for
evaluating on-target toxicity (Fig. 3@-1). However, as indicated
below, the prerequisite for a safety evaluation using HLA-trans-
genic mice or homologous peptides is that there needs to be suffi-
cient similarity between the immune responses of the animals and
humans, including antigen presentation, induction of CTLs, activa-
tion of T-cells, and T-cell migration toward target APCs (see Note
3). There has been no report of animals that satisfy this condition
to date, and thus it is difficult to perform an animal study of the
on-target toxicity of therapeutic peptide vaccines. Consequently,
animal studies of these vaccines should focus on off-target toxicity
(Fig. 3@-2).

Regarding nonclinical evaluations other than those in Fig. 3, an
in vitro study in cultured human cells is initially suggested. This
study should be considered when it is suspected that a vaccine
may induce an unexpected immune response, including a cytokine
storm. The safety concern to be evaluated in this study corresponds
to antigen nonspecific on-target toxicity in Fig. 2®. Next, an
in vitro study of the peptide bioactivity or of peptide action on an
unintended receptor that may competitively inhibit its function
may be performed. These studies should particularly be considered
if the corresponding concern arises in an animal study in Fig. 3Q.
The safety concern to be examined in these studies is related to an
unintended bioactivity of the administered peptide and corre-
sponds to off-target toxicity in Fig. 2.

As stated above, the significance of safety studies in animals is
limited for therapeutic peptide vaccines, unlike for ordinary phar-
maceuticals. As a result, sufficient risk control measures must be
taken in clinical use. In particular, more discrete measures are

@ D Human in silico expression data or TCR study with Human tissue

@ Animal studies 1) Evaluation of on-target toxicity

using a CTL-induced animal

..can be performed instead of 2),
if an extrapolation is expected to exist
for toxicity evaluation into humans

© L 2) Evaluation of off-target toxicity

Fig. 3. Nonclinical evaluations required for therapeutic peptide vaccines. Bullets
indicate required items (see-Note 2).
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required in clinical trials if a target antigen of a therapeutic peptide
vaccine is found to be expressed in normal sites based on in silico or
human TCR data (Fig. 3®).

3. Selection of an animal species/model for therapeutic peptide
vaccines

3.1. Selection of animal species/models in general toxicity studies

The decision tree in Fig. 4 should be referred to when consider-
ing the criteria for choice of an animal species/model for general
toxicity studies for therapeutic peptide vaccines. Since it is difficult
to define a relevant animal species for these vaccines as described
above, safety studies using animals should focus on toxicity other
than on-target toxicity; i.e., off-target toxicity in one animal spe-
cies. While on-target toxicity related to the pharmacological action
of peptides is difficult to evaluate, it is required to conduct an off-
target toxicity study of the therapeutic peptide vaccine to at least
support the first time in humans.

An animal species which has high sequence similarity to the
gene/peptide/protein of a target antigen in humans serves as a jus-
tification for animal selection for the off-target toxicity study.
However, even use of this animal species does not allow examina-
tion of on-target toxicity; therefore, the sequence similarity of the
gene/peptide/protein of a target antigen does not necessarily need
to be examined prior to evaluating off-target toxicity. Yet, it is pref-
erable in this study to use an animal species in which the antici-
pated clinical dose can be given via the anticipated clinical route,
and to evaluate the local toxicity of the vaccine. Generally, repro-
ductive and developmental toxicity studies for therapeutic peptide
vaccines, including evaluating off-target toxicity in any ammal
species, are not needed.

4. Design of nonclinical safety study for therapeutic peptide
vaccines, etc

4.1. Selection of the highest dose in toxicity studies
First, as stated in Section 3 above, the standard method for tox-

icity studies for therapeutic peptide vaccines using animals is an
off-target toxicity study in one animal species performed as part

of a general toxicity study. In this study, dose selection is not
possible based on the pharmacological action of the therapeutic
peptide vaccine (e.g., maximum pharmacological dose: MPD in
biopharmaceuticals; (ICH, 2011).. Moreover, considering the
immune response to be the primary pharmacological action, dose
selection based on blood exposure of the administered peptides
is insignificant and unrealistic. Consequently, the anticipated
one-time clinical dose is allowed to be selected as the hlghest dose
(mg or mL/body) in this study.

If a decision to perform a study using CTL-lnduced anlmals is
made in an attempt to evaluate on-target toxicity (Fig. 4, gray
letters and Note 3), the highest dose should primarily considered
in-each of these studies so that it meets the criteria of MPD. Indeed,
there is a report that demonstrated the dose dependent pharmaco-
logical effect of therapeutic peptide vaccines in a preclinical study
using mice (Motomura et al,, 2008). Alternatively, it might be
possible to evenly define the highest dose in these studies based
on the aforementioned anticipated one-time clinical dose (mg or
mL/body). This rule could also be applied as this value is expected
to greatly exceed MPD in light of the big difference in body weight
between rodents and humans.

In either case of off-target- or on-target toxicity study, a dose
that exceeds the human dose by body weight conversion (mg or
mL/kg) may be used when it is not feasible to administer the full
human dose (Guidelines for nonclinical studies of prophylactic
vaccines for infectious diseases, 2010; Sun et al., 2012). Plural
dosage setting is not considered necessary in a toxicity study of
therapeutic peptide vaccines, provided that the comparable vac-
cine formulations and components to those of the clinical use
are used, as is the case with preventive vaccines against infec-
tious diseases (Guidelines for nonclinical studies of prophylactic
vaccines for infectious - diseases, 2010; 'Guidelines on the
nonclinical evaluation of vaccine adjuvants and ad)uvanted
vaccines, 2013). :

4.2, Dosing period in a general toxicity study

The decision tree in Fig. 5 should be referred to for determina-
tion of the dosing period i ina general toxicity study for therapeu-
tic peptide vaccines. First, as mentioned in Section 3, the
standard general toxicity study for a therapeutic peptide vaccine

Are target antigens expressed in normal cells ?

O

Mitigate the clinical riskr management ?

i »

Yes

Are normal animals (incl. NHP) relevant 7

; Is a sufficient extrapolation for the safety evaluation
: expected with a CTL induced model 7

: Yes ! @

Use CTL-  on-target
induced’animals (excl, disease sites)

Use normal animals

v
¥
Disease model {e.g., tumor-bearing animals) deserves
. o tox evaluation 7

Use the model ... >
on-target or

Not conduct tox evaluation
with the model

A 4
Use a single animal
off-target
-

Clinical risk
" management

Fig. 4. Animal species/model selection for general toxicity studies of therapeutic peptide vaccines (see Notes 3 and 4). Gray letters, arrows and lines indicate rare situations:
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Is CTL-induction animal study performed
for the evaluation of on-target toxicity?

® ——®

the evaluation of
off-target toxicity

Is ICH~89 guideline applicable?

Fig. 5. Dosing period of a repeated dose toxicity study for therapeutic
peptide vaccines. *ICH-S9 guidelines for nonclinical evaluation of anticancer
pharmaceuticals.

is an off-target toxicity study in one animal species. Thus, the
dosing period in rodents or non-rodents should be around two
weeks regardless of the clinical dosing period, based on the cor-
responding approach for biopharmaceuticals (Fig. 5, right, solid
line). While referred to as a 2 weeks study, it might virtually have
to be a 2 weeks observation after a single administration, namely,
single dose toxicity study. Since such a decision could be made
for a therapeutic peptide vaccine, the titles in Fig. 5 and in this
section refer to a general toxicity study, rather than a repeated
dose toxicity study. When repeated administrations are not
employed in this study, it means that ‘cumulative local toxicity’,
i.e., local toxicity in the event that repeated administrations are
given onto a single site, can never be evaluated. In this case, even
if a prominent observation of local toxicity is not found in this
2 weeks study, a proper caution should be made in clinical trials
as to the possibility that cumulative local toxicity might arise,
together with the conduct of a discreet observation upon the
local toxicity around the administered site. Alternatively, it
would be possible to deal with this concern by clinical labeling
to ‘avoid administration at the same site’, taking it for granted
that a certain therapeutic peptide vaccine will have a certain
level of cumulative local toxicity.

In Fig. 4, there is also a choice of conducting a study to evaluate
on-target toxicity in CTL-induced animals as part of a repeated-
dose toxicity study, although this is unlikely to be performed. It
is reasonable to set the dosing period in this study to 6 months, fol-
lowing the longest dosing period used in repeated dose toxicity
studies of biopharmaceuticals in rodents or non-rodents. However,
when it is clear that the therapeutic peptide vaccine to be evalu-
ated will be used solely as an anticancer agent, a dosing period
of 3 months could be used, in reference to ICH-S9 guidelines
(ICH, 2009). In contrast, if the therapeutic peptide vaccine may
be used for purposes other than treatment of advanced cancer,
e.g., in early treatment for cancer or as postoperative maintenance
therapy, the ICH-S9 guidelines do not apply.

5. Conclusion

There are no guidelines for non-clinical studies required for
development of therapeutic peptide vaccines in Japan and over-
seas.! For the peptide active ingredient, parts of the ICH-S6 (R1)
guidelines can be used as a reference, and non-clinical study guide-
lines for vaccines for infectious disease prevention and WHO guide-
lines can also be partially used because of the similar mechanism of
action of the vaccines. However, meaningful data from non-clinical
safety studies for therapeutic peptide vaccines for clinical use are

! There are no finalized guidelines in Japan, but the Japan Society for Biological
Therapy published “Guidelines for cancer therapeutic peptide vaccines (draft)”
(Guidance for cancer therapy peptide vaccines, 2011).

currently limited. In this document, we examined the conceptual
details of safety concerns, which are problematic for therapeutic
peptide vaccines, and explained the clinical risk management for
these vaccines.

6. Notes for ‘Considerations for non-clinical studies of
therapeutic peptide vaccines’

6.1. Note 1. Interpretation of Fig. 2

It is a precondition for biopharmaceuticals to choose a rele-
vant animal species; i.e., an animal species in which a pharmaco-
logical action of the biopharmaceutical can be demonstrated
(Fig. 2). This reflects the understanding that toxicity of biophar-
maceuticals is mainly on-target toxicity. For biopharmaceuticals
such as monoclonal antibodies and other antibody products
directed at foreign targets such as bacteria and viruses, the
ICH-S6 (R1) guidelines indicate that use of animal disease mod-
els, i.e., animals infected with targets of the biopharmaceutical,
is not uniformly required in nonclinical safety evaluation (ICH,
2011). Only a limited description is given of when such an ani-
mal disease model should be used in a series of pharmacological
studies, in which a safety evaluation can also be included. This is
because there is always a question of validity in regarding a
study in an animal disease model as a safety study. Toxicity is
often difficult to interpret because data accumulation may not
be sufficient in an animal disease model and the number of ani-
mals may not meet the standard for safety evaluation. For such
biopharmaceuticals, a short term study in an animal species is
defined as a framework to evaluate off-target toxicity. However,
it is important to require appropriate risk control management
clinically, given that on-target toxicity may not have been evalu-
ated in animal studies (Note 5 Fig. a). A designation of a relevant
animal species in nonclinical studies for prophylactic vaccines
against infectious diseases does not indicate a disease model;
i.e., animals expressing the same gene/protein as the foreign anti-
gen that is the target of a vaccine immune response, as described
above. The designated relevant animal species may be a species
that exhibits immune responses toward the vaccine regardless
of the presence of the same gene/protein as the foreign antigen,
ie, an animal species that allows evaluation of antigen-
nonspecific on-target toxicity (Fig. 2@). See the text for the
concept of ‘relevant animal species’ for therapeutic peptide
vaccines.

6.2. Note 2. Utilization of in silico data and conduct of human tissue
cross reactivity studies

For therapeutic peptide vaccines where cellular immunity is the
main constituent of the immune response, a target antigen can be
recognized by TCRs after presentation on a cell by HLA molecules,

regardless of whether the origin of the antigen is an intracellularly

expressed protein, a secreted protein or a plasma membrane pro-
tein. Hence, expression of the target antigen in normal tissues
should be investigated with utilization of in silico data or conduct
of a human tissue cross reactivity study, regardless of the variance
of expression sites of the target antigen in a normal cell. However,
potential alternative methods for human tissue cross reactivity
studies should be examined because it is likely that currently avail-
able antibodies will become difficult to obtain or produce. Data
may also be obtained for expression levels of HLA class I or I mol-
ecules, or for the cytotoxic activity of specific CTLs against tissues
expressing the antigen. Knowledge of the distribution of target
antigens in normal human tissues and the function of the antigen
molecule provides particularly useful information.
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6.3. Note 3. Conduct of general toxicity studies in CTL-induced animals
(gray areas in Fig. 4)

A general toxicity study using CTL-induced animals is not
necessarily a good solution for evaluating on-target toxicity of
therapeutic peptide vaccines. Yet, such studies may be useful if
the target antigen of the vaccine is proved to be expressed at
normal sites and the sponsor intends to mitigate the clinical risk
management practice by reducing the warning level in the label-
ing. In such circumstances, the conduct of a study for evaluating
on-target toxicity in CTL~-induced animals may be an option. How-
ever, even when the sponsor has an intent to evaluate this partic-
ular concern using CTL-induced animals, this study may only be
useful if there is sufficient similarity between immune responses
in animals and those in humans. This would be a situation in which
target antigens in mice appear on HLA molecules in normal cells,
due to a sufficient sequence similarity with those in humans, and
T cell receptors of mice that are expressed in CTLs recognize the
target antigens, again based on high sequence similarity with those
of humans. This is also true when administration of mice homolo-
gous peptides is chosen for CTL induction. Whether HLA-induced
mice or homologous peptides are used for inducing CTLs, better
extrapolation from animals to humans is likely when there is
higher sequence similarity between peptides of therapeutic pep-
tide vaccines and the corresponding sequences in animals, with
regard to the safety evaluation related to immune responses. The
information regarding the potential similarity of the recognition
patterns of the target antigens by T cell receptors between those
animals and humans, if it is available, might also a key factor to
decide whether those measures can be taken for the safety evalu-
ation. Thus, the satisfactory similarity of immune responses in ani-
mals and humans together with the sufficient data accumulation
(see Section 2.2) are prerequisites for safety evaluation of thera-
peutic peptide vaccines in CTL-induced animals.

'The significance of evaluating narrow-sense on-target toxicity
(disease sites), i.e., toxicity derived from the vaccine immune
response toward the target antigen expressed at disease sites, is
not necessarily negated. However, such a toxicity evaluation often
becomes possible only by incorporating the safety evaluation into
mode-of-action (MOA) studies in disease models such as a tumor-
bearing animals or genetically modified tumor models. Given the
peculiarities of studies using CTL-induced animals, it is not consid-
ered necessary to conduct these studies in two species (one in
rodents and one in non-rodents). If such a study is to be performed,
use of one rodent species (mice or rats) is sufficient.

6.4. Note 4. Significance of safety evaluation of antigen-nonspecific on-
target toxicity for therapeutic peptide vaccines

The significance of performing a safety study of antigen-non-
specific on-target toxicity of a therapeutic peptide vaccine also
requires discussion, similarly to prophylactic vaccines against
infectious diseases. However, we conclude that this type of study
is insignificant. This decision is best understood by revisiting the
reasons for evaluation of antigen-nonspecific on-target toxicity
for prophylactic vaccines. These are related to the situation in
which vaccines are used for prevention, and not for therapy. That
is, there is a precondition that such vaccines are mostly adminis-
tered to healthy individuals, rather than to patients, and thus the
related risks compared with the benefits may not be acceptable.
Furthermore, the time for which foreign antigens as targets coexist
with vaccine:immunity in a host is limited clinically. In other
words, target antigens only exist in the host for a short time
compared to the vaccine immunity, which indicates that antigen-
nonspecific on-target toxicity requires evaluation.

The opposite is true for therapeutic peptide vaccines. First, the
purpose of these vaccines is almost always therapeutic, rather than
preventive, which makes the risks relatively allowable compared
to the benefits. Second, the presence of target antigens in a host
extends over a relatively long period. A further issue related to
antigen-nonspecific on-target toxicity is the concern of a cytokine
storm that accompanies administration of therapeutic peptide vac-
cines. Several reports suggest that CTLs (CD8+ cells) activated
through HLA class I molecules and helperT (CD4+) cells stimulated
through HLA class Il molecules are of 1mportance depending on the
length or type of therapeutic peptide vaccine (Shirai et al., 1994;
Kitamura et al., 2010; Ribas et al., 2003; Melief, 2003). The concern
of a cytokine storm is even greater for a therapeutic peptide vac-
cine that is a combination of peptides that activate both CD4+
and CD8+ cells. This particular concern may be properly evaluated
using an in vitro study in cultured human cells, whereas prediction
of a cytokine storm based on CTL-induction in animals is difficult.
Thus, the conduct of animal studies is insignificant for the purpose
of evaluating the toxicities of therapeutic peptide vaccines
accompanied by a nonspecific action of the vaccine immune
response.

6.5. Note 5. Selection of animal/model species for general toxicity
studies for biopharmaceuticals (a) and prophylactic vaccines against
infectious disease (b)

(a) Directed to exogenous targets (bacteria, virus, etc) ?

l Yes

Is other sp. than NHP relevant ?

Is infection model available ?

@——0 & @

Is NHP relevant ?

s homologous protein or
TG animal model available ?

@ o

14d short-term study ... Use the model
withasinglesp. or

Use other sp.
than NHP

Use NHP
Use the model

(excl. rabbit) off-target
+
Clinleal risk
management
(b) is othersp than NHP relevant ?

ls NHP relevant ?
antigen nonspecific , ;

on-target
Use othersp Rabbit is Use NHP
than NHP acceptab!e

+ B

infection modei deserves
tox exaluation

; ? Use a single sp.

Use the model - > Not conduct off-target
_ tox evaluation "
on-target with the model Clinical risk
management '

Gray areas (letters/arrows/lines) indicate a rare situation. NHP: non-human primates
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Consideration of the Regulatory Issues
for Vaccine Adjuvants in Japan
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Mineo MATSUMOTO

Abstract

In Japan, the position of the vaccine adjuvants in the pharmaceutical regulation has not been
established, although both the EU and the US have adopted specific positions with regard to the reg-
ulation of vaccine adjuvants. In Japan, adjuvants are currently classified into excipients according to
the Japanese Pharmacopoeia. However, the novel adjuvants that exceed category of excipients (which
must be harmless and should not show any pharmacological effects) have induced regulatory prob-
lems. These include 1) the necessity of a statement in every review report that the adjuvant should
not be used in other drug products like a general excipient, but used only for vaccine products, 2)
limitation of the safety information assigned for adjuvants in the common technical document (CTD),
3) no requirement of GMP compliance, 4) concerns about requiring excessive, or conversely, insuffi-
cient toxicological evaluation for adjuvants, and 5) concerns about the delay of the timing of toxicity
studies needed for adjuvants (e.g., genotoxicity studies) as compared with the stages of clinical trials
of vaccines. It should be noted that no vaccine adjuvant has yet been authorized in its own right;
adjuvants have been approved as components of vaccine products in all three regions. Therefore,
it does not seem realistic to regard adjuvants as one of the active components of a vaccine. Instead,
we hereby propose that the appropriate position for adjuvants as different from excipients be newly
established in Japan, which is consistent with the regulation of both the EU and the US.
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