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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. 3D).

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 animal
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 animais 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 highest dose
(mg or mL/body) in this study.

If a decision to perform a study using CTL-induced animals 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 adjuvanted
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 in a general toxicity study for therapeu-
tic peptide vaccines. First, as mentioned in Section 3, the
standard general toxicity study for a therapeutic peptide vaccine
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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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Fig. 5. Dosing period of a repeated dose toxicity study for therapeutic
peptide vaccines. *ICH-59 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(D). 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,
lLe, 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 1 or'Il 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 helper T (CD4+) cells stimulated
through HLA class Il molecules are of importance 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)
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Current Situations and Challenges of Official Monographs
on Chemical Drugs |

WU W, Rl ATk
Haruhiro OKUDA and Yukio HIYAMA

Abstract

The purpose of monographs is to publish the specifications as official standards so as to assure
quality of drugs marketed in Japan. Monographs of chemical drugs are prepared by JP expert com-
mittee based on the innovator’s specification (test procedures and acceptance criteria) and support-
ing data. Although generic drugs are approved after confirmation of equivalency between generic
and innovators drugs, test methods described in draft monographs are occasionally not applicable
to generic drugs. Feasibility of draft monographs is confirmed by public comment procedures, and
specification and testing methods are modified if needed. The preparation process of monographs on
chemical drugs, that is to say, is a process in which specifications specific to innovators’ drugs are
universalized so as to be applicable to all of the drugs marketed in Japan. Test procedures requiring
adverse reagents as well as special reagents and apparatuses are modified through the process.
Recent ICH guidelines Q8-Q11 encourage pharmaceutical companies to develop new drugs on a QbD
basis, emphasizing scientific approach of pharmaceutical development and establishment of quality
control strategy, where control of starting materials, reagents and intermediates as well as in-pro-
cess control are recommended. Requests for publication of drugs developed by the new approach
are predicted within several years. It is probably not only difficult but also inappropriate to adopt
the conventional JP approach to the critical quality attributes assured by methods other than final
product testing. In order to resolve the problem derived from discrepancy between the role of JP
and the QbD approach, the following two issues should be addressed; 1) to recognize the importance
on complementary relationship between the role of review process on generic drugs and that of JP
and to strengthen the relation, 2) to construct additional frameworks being able to incorporate new
concepts such as real time release testing and process analytical technology in JP.

-

BEDO BT ZARIEREE LTABRL, DPECTHRETAIERFOGEUZRILTLZETH A,
LEFHE BB LR EREFOBBICEREL D LIRSS, BRERMIERERFEFAETH
S ERMERLCEESNAY, EREEROBBEFENEATERVI LM TIERy. FEOERKT
BEMEIZ ST ) v 7 a AV FOFRERRTHRL, SEFONEEREBET 5. SLOMENGETE,

EALE ST e R
T158-8501 FEHTHEHAX LAE1-18-1

— 488 —



140 RE MR, M THE

EWIRZ AL, FECEADEEEDVPETRBELTVWARSTOEERICEBLT 2 RETHL LV
B, BERBELEHLABLPEBZHHETIRBRIIOBELRTRASNS, BEDICHA A K
4 ¥ Q8-1F BT QbD O EmMIC L A RAMB LR LT Y, MEMLRARE L MEEE
BEOBIIRASA TS, FESHERE TR, BEDE, FbE, PEEFOSE TEANEHEN
BEISNTWS, BEDRICIOH LOAHETHRESNEREROIBRELHFEENS. BREMD
RBUNDFEICL > THRIES N TWAEERERECEROHROFESHvBHTAI LIZBEHL
HEETH A2 THRCBEYETENWTHA ). HROKRE L QbD FEROPVEEN LHET HHEL#
BT BH2DI10E, RO2EPLETHS 1) BREEGARBEETT AL JP OKRINCH T 5184
BB ROBENZEHRL, BRERITAIE, 2) V7V ¥ 450 )= AR 0w AWM TE
DEIBHLVEEZIY AL 2007 V- T — 7 2 BET AL

Key words: monographs, chemical drugs, specification, QbD, generic drugs

F 0ol

HASERFIE, %/ - Bl oERE BRFREIC
HUT, BAYEOEEROME 2 BILICHERT 5
Te DL B - FRE R O RE R BB S 2 R
TRMGHEETHL EMNEDITONT VS, &
HATEL, WA, RIE, BN, B¥REFR
EH#ED 5%  OERERBIRE O Mk & RBRE R
ELTHRREINZDDTHY, ThFNOBTH
BREEIER SN LIS Tws. b
FEPELEOBNOE—Tb ) E CRET 5 EH
mOBKERRE - AL, ERCLERERSS
BORBEZBEECHEETLIZETHDL. —F, —
HOEEROBBRELRE, LEEROEZEENE
D& R RETERSN, LOXHIERS
NTwEp, MBOBFTLIERTED L) 2
WhHLHD, FIHL AL TR nER
bbb, ABHTIE, FhoOMICELCEHT
LD, BAZGOBRETHBL, BRI
X FREMET 5.

I (EEERSIEOTIR

EEGELIEERANCHE S N2 EREDL
GEEFNUNOELEPLBR IN TS, hHE
DA O#ZIMbFERS (EEEREERB LU
BEICHBHEINLRRYSE), EWES =™
Yy, EMERL EVETNDL, FRENOEME

REBLRSTHEHE SIS, ALEEMIOES L
5 RIEGRDER D E .

-1 BREEAE
F1EERELICEBRSNAHEBEZRT. K
HlE LT, 3)200BFsBREE L 2Y, 2o
HEITEELawE, BHAEERLER L2V,
72720, BEGELOBREFR, EROBERUEH
T AFEOHOBRFLEHERBEZ M LZb 0
T, BEOHEREZRTHOTIERZ W,

1-2 (EEERZROERBEE

1) FRINEREDEE

FHRINEIC Y720 TEUT OO -0 mI 5
BRI N T R & B R S, WED
270 -80M B REOEEMVHRNE S L
5. OEELNHEE?D Y, »OBEENE
EEZONBHEER WEEENSE L, ERAS
Th{HwORTWEREME), OFLEHELEN
T ENEMR EERR, OREBENEVERES
(FIEREEERS), OKEERA (USP) ®
WNER S (BEP) FlcEsh, BEBEMICLL
HHENTWBERS

HRBIED A7 Y 2 — Vi b T IEeE
WRBICEBLTEENSEERZZITH L L BIT,
EfERERBERARE (LT, PMDA) %%
BIEEHREEZRELREL TS, £¥OE

— 489 —



LR S o0 iy IO O BUIK & FE 141

1 BEEREROTKRHEE

T H JELE )
1) BA% o O
2) B OIENG)
3) 7 & (EBEMEGESBIC2WT A A

DHFWT D)
4) HAEGMN
5) Kt
6) TR O GRS EC R O
7) AL
& FIMNTTANTZ FY—E R
R o e
9) FLJH
10) W& RBGE
11) FRME
12)
13) MR
14) HEaR et
15) FR{EAfE
16) Sl ks
17) Sedeidhr, SREGE Ak
18) SREMRSY, IR AT BE IR 5
19) BT
20) # Do KRR SR
21) wEEIIR S o
22) Wik
23) AR
24) o

X X x x D

(CRORORON

PPOODXxDPOODPOOXxDOD
PLPOODDXxDDPDPODPODPOD

() OHNZFER & LTy 2HE, AL
CCRETA2HE, xHEZEME LCRRT 20
AR WEHE # R

EREICEEREERTERS (FE8) REMNEL,
Bt LULH S T 2 R SR = BRI S
TV AHRWISHOH 2 EIEFEDPBR E LTEI -
TZhWwWr—ANBH 5006 THE. W7t Az
S DI B L, YR FEREEE
HETIROZ M2 HHEKL, T Yy rary
PERRECIEENS.

BRIV R OV VEDSHERE & N7 RS 2 IR
BHEWHEENE, oTE, HRIEE F i
FHRADT L2BRIER 2 IO L C\niz2y, i
TDHET LT nEICH > Th [HENGEER
AR FOFHASET L, S X ORI
M2 WE O RE ST IIEE S
BY b RCH L HOIEA WIS B 4k
FCEE L& WA b,

2) EERIERRTE

Bl AL R S SR O FNEE R, B6IE
HCH LEREET LR VMR 70 A TH
5. O5®1E PMDA & BEH#REEASD/EE,
® LI i&ﬁ@%#?&ﬁ%%%f&b 2 [
DINT Yy 7 AAY NOREERTTHB?,
CHMDAW:%&?%#$%%®E%W&%
BEA 52T C, RNt CEREH) wEZR%
BHRICRE, OQFHRIC L 2 REHMEM Ga

E1 BHER7OEX

- 490 —



