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Novel Draft Guideline for Drug Interaction Studies
in the Drug Development and Labeling Recommendations

PO BN, W ORT, K R
Yoshiro SAITO, Keiko MAEKAWA and Yasuo OHNO

Abstract

Evaluation of drug interactions (DIs) in the drug development is important for reduced incidence
of adverse reactions in clinical trials and proper use of drugs in the post-marketing. The current
Japanese guidance on DI was issued more than 10 years ago and during which period there were a
lot of progress in the research related to DI and the clinical information is accumulated. Novel guide-
line and draft guidance was also publicized recently from EMA and FDA, respectively. Based on this
situation, we started investigation to draft new Japanese guideline from Dec. 2012, constructing a
team consisting of experts from industries, academia, and regulatory agencies. Preliminary draft was
notified in Dec. 2013 for public comments. After examining comments obtained, the draft guideline
was finalized in May 2014, and submitted to and publicized by Japanese Ministry of Health, Labor,
and Welfare. In addition to the overall update of existing guidance, the final draft supplemented
detailed explanation in every area. Followings are major part of revision. 1) transporter studies on
absorption in small intestine, urinally excretion from kidney, and biliary excretion from liver; 2) step-
wise examination via metabolizing enzymes and transporters using decision trees; 3) evaluation by
modeling and simulation using iz vitro and iz vivo data; 4) lists of known inhibitors and inducers on
major cytochrome P450 isoforms classified in strong- intermediate- and weak-affecting groups based
on the changes of AUC or CL/F, and a table of “drugs susceptible to DIs” and “drugs moderately
susceptible to DIs”; b) Interactions with therapeutic proteins; and 6) labeling recommendations. In
this review, we introduce the novel draft guideline focusing on the above important points.
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ABSTRACT

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

Cellular immunity

Cytotoxic T-cells (CTLs)

Human leukocyte antigen (HLA)
On-target toxicity

Off-target toxicity

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
[-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.doi.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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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

@ biopharmaceuticals

on-target

off-target

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. 23, 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

. no relevant effect

@ prophylactic vaccines

narrow sense-,
on-target —m{
wide sense

off-target

.- infection model
o

relevant
{w/ normal animals}

- no relevant effect

narrow sense-£.|
on-target {
wide sense -

off-target ww»mw«wwr pharmacology-unrelated

—disease sites 4 " disease model

ormalsites | | (notregarded as relevant
.- due to the need for the use of

CTL-induced animals )

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. 22 and 3).

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. 23 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(D) 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. 32.
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. 23.

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

@ (O Human in silico expression data or TCR study with Human tissue

2 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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