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from the day of registration to the day of death from any cause
or 1.5 years afterwards. Progression-free survival was counted
from the day of registration to the day of progressive disease by
clinical evaluation or imaging diagnosis, whichever was earlier.

Adverse events were evaluated at each hospital visit and
graded according to the Common Toxicity Criteria version 3
(CTCAE v3). Adverse events which could not be ruled out as
being related to the trial therapy were reported as adverse drug
reactions (ADRs). For each adverse event, we documented the
worst grade for each patient, and confirmed the incidence of
each by grade.

Exploratory assessment

Induction of VEGFR-2-specific CTLs and serum concentra-
tions of VEGFR-2 were analyzed only in subjects who pro-
vided specific consent to receive these assessments at some of
the participating medical institutions.

The induction of VEGFR-2-specific CTLs was evaluated
by an enzyme-linked immunospot assay. CTL positivity was
defined as when the calculated value (average spot number in
the peptide pulse group - average spot number in the negative
control group/average spot number in the peptide pulse group
% 100) by time was greater than that of day 1, and further when
the average spot number in the peptide pulse group was
greater than the average spot number and standard deviation
range in the negative control group.

Serum concentrations of VEGFR-2 were measured before
drug administration on day 1, day 8, and day 29, using
Quantikine® Human Soluble VEGFR-2 Immunoassay
(R&D Systems, Inc).

Statistical analysis

Overall survival, 1-year survival and progression-free survival
were estimated with the Kaplan-Meier method. To assess differ-
ences in overall survival between the elpamotide and historical
control groups [5, 6], log-rank tests and the Harrington-Fleming,
in which time is weighted and was used in anticipation that the
effects of the vaccine would present with time, were used.
Calculation of sample size was based on an additional
treatment effect of 15 % in the elpamotide group compared
with the 1-year survival rate in the historical control group,
which was derived from previous reports {5, 6]. The null
hypothesis was “no extension of 1-year survival” to achieve a
one-sided type I error of <10 % and a power of >80 %. We
estimated that the 1-year survival rate of the historical control
group based on patients with BTC was 15-30 %, and expected
elpamotide to add a treatment effect of 15 %. When the histor-
ical control group was set at 200 patients, the sample size
needed for the elpamotide group was calculated to be 45-60
patients. Accordingly, we aimed to select a total of 50 patients.

Serum concentrations of VEGFR-2 were analyzed by post-
hoc test. All statistical analyses were conducted with SAS
software, version 9.1.3 (SAS Institute).

Results
Patient characteristics

Of'the 55 patients registered from October 2009 to June 2011,
54 who underwent the trial therapy were included in the full
analysis set and safety analysis set. Patient characteristics are
summarized in Table 2. Compared to the historical control
group, the present trial had higher proportions of patients
without gallbladder cancer (66.7 % vs. 45-50.7 %) and those
having a performance status of 0 (90.7 % vs. 60 %).

Survival and response rate

Fourteen patients (25.9 %) survived >1.5 years, and two
completed the 1.5-year trial therapy. The median number of
courses of study treatment was 4.5 (range: 1-20), and the dose
intensity of elpamotide and Gem was 90.0 and 82.7 %,

Table 2 Patient characteristics (N _54)*

Characteristics No. of patients %
Age, years

<65 27 50

265 27 50
Sex

Male 30 55.6

Female 24 444
Primary tumour site

Intrahepatic bile duct 20 37

Gallbladder 18 333

Extrahepatic bile duct 13 24.1

Ampulla of vater 3 5.6
Extent of disease

Metastatic 34 63

Locally advaced 20 37
Resection

No 37 68.5

Yes 17 315
Lymphocyte

218 % 45 833

<18 % 9 16.7
PS (ECOG)

0 49 90.7

5 9.3

Clinical characteristics of the 54 patients who received elpamotide+GEM
PS (ECOG) Performance status (Eastern Cooperative Oncology Group)
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respectively. Main reasons for discontinuation were exacerba-
tion of primary disease (34 cases) and adverse event-related
reasons (6 cases).

Median survival was 10.1 months (95 % confidence inter-
val (CI): 8.0—14.0 months), which was longer than that of the
historical control (7.6 months) (P=0.079; Harrington-Fleming
method; P=0.043, log-rank test; Fig. 1). One-year survival
rate was 44.4 %, and median progression-free survival was
4.5 months (95 % CI: 2.8-7.1 months).

Median overall survival by site of origin was as follows:
intrahepatic bile duct (11.6 months), extrahepatic bile duct
(18.3 months), gallbladder (8.4 months), and vater papilla
(9.8 months). These were superior to the 8.7, 10.1, 6.5, and
9.3 months, respectively, in the historical control.

None of the patients achieved complete response, while 10
achieved partial response, with the imaging response rate of
18.5 %. Stable disease was maintained for >6 months in 8 of
28 patients (14.8 %).

Toxicity

Major hematologic ADRs included decreased white blood cell
counts (75.9 %), decreased platelet counts (72.2 %), and
decreased neutrophil counts (64.8 %). Major non-
hematologic ADRs included injection site reaction (68.5 %),
induration and erythema (64.8 and 27.8 %), nausea (51.9 %),
and decreased appetite and malaise (37.0 %). Severe adverse
effects were observed in five patients as follows:
pneumocystis pneumonia, loss of appetite, thrombotic micro-
angiopathy, interstitial lung disease, and fever. ADRs of grade
3 or higher are summarized in Table 3. There were no
treatment-related deaths.

@ Springer

Subgroup analysis

Among 37 patients who developed injection site reactions
(ulcer, induration, or erythema), tumor regression was ob-
served in 10 (27 %) during the study period. Moreover, the
median overall survival of the 37 patients was significantly
longer (14.8 months) compared to that of the remaining 17
who developed no injection site reactions (5.7 months; Table 4
and Fig. 2).

Table3 Adverse drug reactions

Adverse drug reactions Grade 3 Grade 4

N % N %

Hematological
Decreased neutrophil count 16 296 3 56
Decreased lymphocyte count 9 167 0 00
Decreased white blood cell count 5 93 0 00
Decreased platelet count 4 74 1 19
Anemia 2 37 0 00
Non-hematological
Pneumocystis jiroveci pneumonia 1 19 0 00
Thrombotic microangiopathy 1 19 0 00
Decreased appetite 1 19 0 00
Interstitial lung disease I 19 0 00
Elevated alanine aminotransferase level 1 19 0 00
Elevated aspartate aminotransferase level 1 19 0 00
Elevated blood glucose level 1 19 0 00
Elevated gamma-glutamyltransferase level 1 19 0 0.0
Elevated hepatic enzyme level 1 19 0 00
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Table 4 Relationship between
the efficacy and injection site

With ISR (1=37)

Without ISR (n=17)

reactions N (%) N (%) P-value
Response
Complete response (CR) 0(0.0) 0 (0.0
Partial response (PR) 10 (27.0) 0(0.0)
Stable disease (SD) 20 (54.1) 8 (47.1)
Progressive disease (PD) 7 (18.9) 7(41.2)
Not evaluable (NE) 0(0.0) 2 (11.8)
Overall survival
Median survival (95 % CI) 14.8 months (9.8, 18.4) 5.7 months (4.6, 8.6) 0.002 (H-F),

CI confidence interval, ISR
injection site reaction

<0.001 (log-rank)

Exploratory analysis

The induction of VEGFR2-specific CTLs was assessed in
nine patients; six were positive (66.7 %). There was no clear
association between CTL positivity with treatment survival,
response rate, or ADRs.

Serum concentrations of VEGFR-2 were evaluated in 43
patients, and found to be significantly increased from baseline
(day 1) to day 8 (P=0.015), and significantly decreased from
day 8 to day 29 (P=0.010); there was no significant difference
from baseline to day 29. Response rate in the 31 patients
(72 %) with an elevated serum VEGFR-2 concentration at
day 8 was 19 %, and median survival was 13.3 months. There
was no apparent association between serum VEGFR-2 con-
centration and efficacy or ADRs.

Discussion

Tumor immunotherapy has recently gained much atten-
tion, and there are currently more than 100 clinical

studies in progress around the world. As a results, some
immunotherapeutic drugs already approved [7, 8], and
such approval reflects the findings that immunotherapy
activates the immune response in cancer patients and is
clinically effective.

The present trial was planned and conducted before
Gem plus cisplatin therapy became the standard chemo-
therapy for BTC based on results of the ABC-02 [9]
and BT-22 [10] trials. The reliable reference data at the
time of planning this trial were only the retrospective
data from two studies [5, 6]. Based on results from
those studies, we set the threshold 1-year survival rate
at 15-30 %, and expected to add a 15 % treatment
effect. The result was a 44.4 % l-year survival rate,
which was in line with this prediction. However, the
proportion of good performance status cases and of
those without gallbladder cancer were high in this trial.
Thus, in the comparison with the historical control,
improved survival may have been related to patient
background, rather than the vaccine’s additive effects.
Median survival with the standard Gem plus cisplatin
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therapy in the ABC-02 and BT22 trials was 11.7 and
11.2 months, respectively. Based on the median survival of
10.1 months in the present trial, single-agent Gem chemother-
apy clearly lacks power as a platform for additive effects over
elpamotide.

Survival curves for subgroups of patients who did and did
not exhibit injection site reactions differed substantially. The
fact that those who exhibited injection site reactions showed
better long-term results suggests that it can be used as an
indicator for early determination of those likely to benefit
from therapy. This phenomenon was also observed in the
Gem = elpamotide trial (PEGASUS-PC Study), which
targeted advanced pancreatic cancer patients, and although
primitive, it may serve as a highly reliable indicator.

In conclusion, combined immunotherapy with Gem and
elpamotide was well-tolerated and showed moderate antitu-
mor effects. For future development of therapies, it will be
necessary to optimize the target population for which thera-
peutic effects could be expected.
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Recent progress in fundamental understanding of tumor immunology has opened
a new avenue of cancer vaccines. Currently, the development of new cancer vac-
cines is a global topic and has attracted attention as one of the most important
issues in Japan. There is an urgent need for the development of guidance for
cancer vaccine clinical studies in order to lead to drug development. Peptide vac-
cines characteristically have the effect of indirectly acting against cancer through
the immune system — a mechanism of action that clearly differs from anticancer
drugs that exert a direct effect. Thus, the clinical development of cancer peptide
vaccines should be planned and implemented based on the mechanism of action,
which differs significantly from conventional anticancer drug research. The Japa-
nese Society for Biological Therapy has created and published Guidance for pep-
tide vaccines for the treatment of cancer as part of its mission and
responsibilities towards cancer peptide vaccine development, which is now pur-
sued globally. We welcome comments from regulators and business people as
well as researchers in this area.

T he molecular mechanism for the presentation and recogni-
tion of melanoma antigens was revealed through the iden-
tification of a cancer antigen gene by a Belgian group, van der
Bruggen et al. in 1991.%% Clinical research of peptide vac-
cines aginst melanoma using this molecular mechanism subse-
quently commenced in 1995.“) Numerous studies have since
been reported to show the immunological efficacy of vaccines
such as inducing cytotoxic T lymphocytes (CTL);"® however,
the impact of cancer vaccines with limited tumor regression
effects could not be proven in clinical study designs given that
tumor regression effects are often used as an indicator of effi-
cacy. As a result, Dr Rosenberg of the US National Cancer
Institute (NCI) issued a negative report on the effect of
cancer vaccines® in 2004. Since 2006, the inhibitory effect of

Cancer Sci | July 2014 | vol. 105 | no.7 | 924-931

cancer peptide vaccines administered as adjuvant therapy has
been noted in successive reports with respect to lung cancer
and breast cancer, and attention has been drawn to both the
preventive effect of cancer vaccines and the subsequent
improvement in survival rates.®” In 2010, the cancer vaccine
sipuleucel-T,® which demonstrated an extended effect on sur-
vival rates in cases of castration-resistant prostate cancer, was
approved by the US FDA and cancer vaccines were re-
unveiled as a new treatment. In 2009, prior to the approval of
sipuleucel-T, the US FDA had issued guidance to companies
engaged in the development of cancer vaccines, publishing
important specifics on the development of cancer vaccines and
seeking public comment on cancer vaccines.”) Currently, the
development of new cancer vaccines is a global topic and has

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association
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attracted attention as one of the most important issues in
Japan. There is an urgent need for the development of guid-
ance for cancer vaccine clinical studies in order to lead to drug
development.

The Japanese Society for Biological Therapy is a group of
researchers focused on the research of biological therapies to
treat cancer. The Society was initially established in 1987, as a
Research Group Meeting (a Kenkyukai) named The Society of
Biological Response Modifiers to promote the exchange of
information for the progress of new cancer treatments. The
Society was renamed the Japanese BRM society in 1995, and
subsequently in 1999, adopted its current name, the Japanese
Society for Biological Therapy. This society has demonstrated
its medical and social responsibility as the leader in this area
by assembling Japanese and international researchers to discuss
results pertaining to state-of-the-art biological treatment and by
publishing the results of these conferences. As part of its
mission and responsibilities towards cancer peptide vaccine
development, which is now pursued globally, the Japanese
Society for Biological Therapy has created and published these
Guidance for peptide vaccines for the treatment of cancer."

Characteristics of Cancer Peptide Vaccines

Cancer peptide vaccines are peptides that express pharmaco-
logical activity through utilization of the human immune sys-
tem rather than being pharmacologically active themselves.
Peptide vaccines administered subcutaneously reach the lymph
nodes via host antigen-presenting cells and lymph flow, even-
tually inducing an immune response. This is accomplished
through the following molecular mechanism: (i) the peptide
binds to antigen-presenting cells, human leukocyte antigens
(HLA) or major histocompatibility complex (MHC) molecules
on the target cell surface; (ii) T-cell receptors (TCR) recognize
the HLA-peptide complexes; and (iil) antigen-specific cyto-
toxic T-cells (specific CTL) are induced. Peptide vaccines
characteristically have the effect of indirectly acting against
cancer through the immune system — a mechanism of action
that clearly differs from anticancer drugs and low-molecular-
weight compounds that exert a direct effect. Thus, the clinical
development of cancer peptide vaccines should be planned and
implemented based on this mechanism of action, which differs
significantly from conventional anticancer drug research. The
guidances published by the US FDA Center for Biologics
Evaluation and Research (CBER) in September 2009® were
developed based on this idea. In addition, the following points
should be considered in designing cancer peptide vaccine clini-
cal research: (i) subjects allowing evaluation of the delayed
effect of treatment initiated through the immune system should
be selected; (i) the study design should assume that long-term
continuous administration is required and therefore focus both
on survival rate and cytoreductive effects; and (iii) outcomes
should be evaluated by a scientific method that allows the
analysis of delayed effects.

The Concept of Non-Clinical Safety Testing for Cancer
Peptide Vaccines

The purpose of conducting non-clinical safety testing. Non-
clinical studies aimed at clarifying the toxicological and phar-
macological properties of target compounds are necessary in
the development of new drugs. Particularly, describing the tox-
icological properties of novel treatments is essential to ensur-
ing the safety of humans in clinical studies. Information
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determining the safe initial dose in clinical studies and predict-
ing the toxic effects that may occur with administration of the
test substance can be obtained from non-clinical safety testing
that has been designed and implemented properly.

Animal species selection in non-clinical safety testing. In order
to obtain useful results predicting the effect of the test sub-
stance in humans from non-clinical safety testing, a suitable
animal species must be identified. A suitable animal species is
defined as a species in which extrapolation of the effect of the
test substance to humans has been confirmed. Currently, there
are no known suitable animal species for the non-clinical
safety testing of peptide vaccines.

As previously mentioned, peptide vaccines are simply pep-
tides and, not being pharmacologically active themselves, they
express pharmacological activity through utilization of the
human immune system, namely, antigen presentation and rec-
ognition of HLA-peptide complexes by TCR on the surface of
lymphocytes and the subsequent induction of CTL. The HLA
structure differs significantly between animal species; there-
fore, no other animal species shares an identical HLA structure
with humans. Peptides used in vaccines are not able to bind to
the MHC of experimental animal species, which renders anti-
gen presentation impossible to any animal model. This indi-
cates that there are no animal species in which peptides
demonstrate pharmacological activity with a mechanism simi-
lar to that observed in humans. The International Conference
on Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) guideline S6 (Pre-
clinical Safety Evaluation of Biotechnology-Derived Pharma-
ceuticals) proposes the use of transgenic animal models in
non-clinical safety testing in light of the characteristics of pep-
tide vaccines, since it is possible to recreate transgenic MHC
molecules. However, it is difficult to reproduce the necessary
human-type CTL recognition and activation in order to demon-
strate drug efficacy and impossible to create an animal model
with completely transgenic TCR. Accordingly, it is practically
impossible to use a transgenic animal model to reproduce the
pharmacological activity that occurs in the human body as a
result of the administration of peptide vaccines.

Pharmacokinetic properties of peptides themselves. It has
been confirmed that peptides are rapidly degraded in vivo by
dipeptidases into indigenous amino acids. Accordingly, the
potential toxicity from metabolites is considered to be extre-
mely low and non-clinical safety testing for peptide vaccines
should take this characteristic of peptides into account.

The situation concerning peptide vaccine non-clinical safety
testing in Europe and the United States. As described above,
the requirements for non-clinical safety testing of peptide vac-
cines differ significantly from those required in the testing of
other low-molecular-weight drugs. This is clearly shown in the
guidance for non-clinical safety trials required by the regula-
tory authorities in Europe and the United States (the FDA and
European Medicines Agency). Actually, clinical studies for
peptide vaccines have been allowed to proceed in the absence
of non-clinical safety testing when it has been demonstrated
that information ensuring the safety of peptide vaccine admin-
istration to humans can only be obtained in humans. From the
perspective of animal welfare, this avoids the unnecessary use
of animals and reduces excess animal experimentation as much
as possible."® In such cases, a logical explanation might be
required as to why non-clinical safety testing is unnecessary.

Matters to be considered in peptide vaccine non-clinical safety
testing. As previously mentioned, from the perspective of its
mechanism expressing pharmacological activity, there are no

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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suitable experimental animal species on which non-clinical
safety testing of peptide vaccines can be conducted. However,
it is still necessary to consider testing in order to confirm the
safety of investigational products. Impurities contained in the
active ingredient or any other unintentional contamination may
present safety issues when a test preparation is administered to
humans. Negligible risk-based reference values have been set
with respect to drug substance impurities and are listed in the
guidelines; however, the possibility of unknown compounds
not defined by guidelines or the unintentional contamination of
compounds cannot be eliminated (ICH guideline Q3A “Impuri-
ties in New Drug Substances”" and ICH guideline Q3B
“Impurities in New Drug Products”?). Therefore, chemical
analysis of the peptide drug substance and animal studies to
confirm any effect of exposure are useful in determining the
presence or absence of adverse effects from impurities and
contaminants. Finally, additional tests in experimental animal
species to evaluate local irritation effects, route of administra-
tion and dosage form should also be devised when feasible.

The Concept of Quality Assurance in the Research and
Development of Peptide Vaccines for the Treatment of
Cancer

This guidance illustrates the concept of quality assurance in
the research and development of cancer vaccines composed of
chemically synthesized peptides as their active ingredient.
Quality assurance also refers to the appropriateness of the drug
substance or drug product for its intended use. This guidance
assumes the drug substance to be peptides and the drug prod-
uct to be an injectable solution composed of peptides to which
adjuvants have been added (including any adjustments made at
the time of administration). Furthermore, this guidance summa-
rizes the minimum important points with respect to the quality
of peptide vaccines during clinical studies; whether further
examination is required will depend on the nature of each pep-
tide vaccine, particularly in cases where the clinical study is
aimed at obtaining regulatory approval.

Requirements of the laws and regulations pertaining to the
quality of the test substance for clinical studies. “Investigational
drugs manufactured in a plant with appropriate methods of man-
ufacturing control and quality control as well as the structural
equipment necessary to ensure the quality of said investiga-
tional drug” is the standard adopted with respect to quality
assurance of test substances to be used in clinical trials (Article
17 and 26-3 of the Ministerial Ordinance on Good Clinical
Practice for Drugs"®). Compliance with investigational drug
Good Manufacturing Practices (GMP"?) is required. However,
there is no mention of test substances used in clinical studies
other than clinical trials in the Ethical Guidance for Clinical
Studies'™ and, as such, the quality of such test substances is
left up to the researchers.

The need for quality assurance during research and develop-
ment. The use of a drug substance or product manufactured
with a certain quality is essential in clinical studies to ensure
the reliability and reproducibility of the test results and to pro-
tect the safety of the subjects. Because of the chemical and bio-
logical nature of peptide vaccines, general non-clinical safety
testing does not necessarily provide information that is useful
with respect to human administration and some information can
be obtained only after administering the test substance to
humans. For this reason, the necessity of peptide vaccine non-
clinical safety testing is debatable. Even in cases where non-
clinical safety testing of the peptide (the active ingredient of the

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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peptide vaccine) is deemed unnecessary (refer to the section on
non-clinical safety testing), it is still necessary to ensure the
safety of impurities in accordance with the amount and type of
impurities contained in the drug substance or product (refer to
the section on drug substance specifications and purity testing).

Continued quality control of the peptide vaccine from the
initial stages of research is a prerequisite to guarantee the qual-
ity and the results of both non-clinical and clinical studies.

The concept of quality assurance during research and develop-
ment. Quality assurance of drugs is accomplished through a
combination of various methods, including thorough character-
istic analysis of the drug, setting appropriate standards and test
methods based on these characteristics, and GMP-based quality
control assessments. Quality assurance during research and
development is linked with development progress and by
necessity the extent of quality assurance required will change
depending on the methods used, making a uniform definition
difficult. Accordingly, quality assurance should be carried out
in a flexible phased manner, in line with development while
still taking risk into account. This guidance specifically
addresses the setting of appropriate specifications and the con-
cept of GMP-based quality control assessments.

The concept of peptide vaccine specification setting. Specifica-
tions are a list composed of the test method, a description of
analysis used in the test and appropriate acceptance criteria
(limits, range and other criteria) for testing to be carried out in
a prescribed manner. Specifications are a manner of controlling
the drug substance or product to guarantee the quality and con-
sistency of the test substance and are an important element of
quality assurance. Each item included in the specifications is
intended to ensure the proper quality of the drug substance or
product and any characteristics of the test substance required
to ensure safety and efficacy should be set. If these characteris-
tics change during storage, this change should be examined
and appropriate specifications or storage conditions set. The
Guidance for stability testing!® serve as a reference for test
conditions when conducting storage-related tests.

Drug substance specifications. The following specifications
(both test methods and criteria) can be applied to the quality
assurance of almost all peptide vaccine drug substances during
research and development:

1 Description. A qualitative statement about the shape and color
is necessary (for example, “white to pale yellow solid”).

2 Identification testing. The identification tests should be spe-
cific for the drug substance. Specificity may be guaranteed
through the combination of two or more methods.

3 Assay (content). It is necessary to set a specific analysis
method whereby there is no interference from impurities
from degraded products that may appear during storage.

4 Purity testing. Purity testing is a test method for identifying
organic and inorganic impurities and any residual solvent.
Knowing the impurity profile of a test substance also assists
in determining the necessity of any safety testing.

Organic impurities are those that occur during the manufac-
turing process and storage and may be substances with an
unknown structure. Inorganic impurities are usually substances
with a known structure resulting from the manufacturing pro-
cess, such as a reagent. Solvents used in the manufacturing
process are organic or inorganic liquids and their toxicity is
usually known.

Structure determination of individual impurities and deci-
sions on the necessity of safety testing should be carried out
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based on ICH-Q3A (R2): Impurities in new drug sub-
stances."" In cases where subjects will intake 2 g or less of
the drug substance per day, the threshold at which impurity
structure determination is required is considered to be the
lower of 0.10% or 1.0 mg daily intake; the threshold at which
safety confirmation is required is considered to be the lower of
0.15% or 1.0 mg daily intake. The specifications with respect
to residual solvent should be set with reference to ICH-Q3C
(R3): Impurities: guideline for residual solvents.!!”

Preparation specifications. Specifications for description,
identification testing, assay (content) and purity testing can be
applied to the quality assurance of almost all peptide vaccine
products during research and development. The purity testing
of drug products should control for both organic impurities
produced by the decomposition of the drug substance and for
impurities produced in the manufacturing process of the drug
product. Impurities resulting from the manufacturing process
of the drug substance are usually governed by drug substance
specifications and, as such, do not need to be dealt with in
drug product specifications. Decisions on the necessity of
safety testing and structure determination of drug product
impurities should be carried out based on ICH-Q3B (R2):
Impurities in new drug products.'?

As peptide vaccines are injectable solutions, it is also neces-
sary to set test methods and criteria to evaluate sterility before
human administration. Sterility can be evaluated through man-
agement of the sterilization process and by testing the sterility
of the final product. In the event the drug product requires
reconstitution at the time of administration, the method of
reconstitution must be examined and confirmation must be made
that the final product retains the necessary characteristics.

Any specifications necessary for either characteristics of the
drug substance or product (such as moisture content) in addi-
tion to sections Drug substance specifications and Preparation
specifications above can be set with reference to ICH-QOA:
Test procedures and acceptance criteria for new drug sub-
stances and new drug products."®

Adjuvant specifications. Peptide vaccines are usually mixed
with an adjuvant at the time of administration; however, adju-
vant specifications should be set independently from the speci-
fications for the target compound. Specifications for
description, identification testing, assay (content) and purity
testing can be applied to the quality assurance of adjuvants as
they are to drug substances.

The concept of GMP-based manufacturing control and quality
control. The purpose of GMP is to create a mechanism to min-
imize human error, to prevent contamination and degradation
of quality and to maintain quality. In order to implement this
objective of GMP, manufacturing control and quality control
must be carried out as a series of operations. These operations
include the creation of instructions for the manufacturing
method and testing method, manufacture and testing according
to the instructions, and the creation and storage of records. To
ensure the safety of subjects and the reliability of clinical stud-
ies, all records related to the manufacturing control and quality
control of the test substance must be stored in a manner that
facilitates checking at a later date. Investigational drug
GMPY? and its Q&A"® may be referred to in the implemen-
tation of GMP-based control of the investigational drug.

Clinical Studies
The concept of early exploratory studies and late-stage confir-

matory studies. The main purpose of early exploratory clinical
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studies on cancer peptide vaccines is to clarify the recom-
mended dose, the recommended dosing schedule, the presence
or absence of biological activity and the safety profile. In late-
stage confirmatory studies, the purpose of peptide vaccine clin-
ical trials is also to clarify the vaccine’s efficacy and safety in
a given population.

The following clinical points should be considered in con-
nection with early exploratory studies and late-stage confirma-
tory studies:

Early or advanced-stage cancer. Many early stage clinical
studies on conventional cytotoxic anticancer drugs with the
purpose of determining the optimal dose, dosing schedule and
maximum tolerated dose (MTD) are performed on subjects
with various forms of advanced stage cancer. Because the dis-
ease progresses relatively quickly in such advanced-stage sub-
jects, the activity of the target drugs must be observed and
evaluated in a short period of time in these early stage explor-
atory studies. Subsequent late-stage confirmatory studies are
performed as large-scale, randomized, controlled studies on
subjects with a single type of cancer to determine clinical effi-
cacy and safety. If clinical efficacy and safety are observed in
studies on advanced-stage cancer patients, clinical development
progresses targeting earlier stage patients and the implementa-
tion of clinical studies on adjuvant therapy is also possible.

However, if clinical studies on cancer peptide vaccines tar-
get advanced-stage subjects similar to clinical studies on con-
ventional cytotoxic anticancer drugs, there may not be
sufficient time for immune response-mediated antitumor activ-
ity to appear due to the relatively short period from the com-
mencement of drug administration to disease progression. In
addition, advanced-stage cancer subjects often undergo multi-
ple treatments, which can damage their immune system and
possibly weaken the response of the cancer peptide vaccine.
Evaluating cancer peptide vaccines in earlier-stage subjects
ensures enough time for the vaccine to induce an immune
response and manifest effects; therefore, earlier-stage subjects
are considered more suitable for the study of cancer peptide
vaccines than late-stage subjects. The disadvantage of studies
on earlier-stage subjects is that it generally takes a long time
for a conclusion to be reached. Therefore, the pros and cons of
the stage of the subjects (early stage or advanced stage) must
be considered when conducting clinical studies of cancer pep-
tide vaccines.

If a standard treatment exists, it is necessary to determine
the optimal timing of cancer peptide vaccine introduction:
prior to, during or after the completion of the standard treat-
ment and, in the case of treatment during the same period, as
monotherapy or combination therapy. It is also necessary to
ensure the safety and biological activity of any combined treat-
ment regimen and provide for appropriate evaluation.

Target cancer (limited to a single type of cancer or multiple
types of cancer?). Phase I clinical studies of cytotoxic antican-
cer drugs typically targeting subjects with various types of
cancer at various stages. While it is possible that the investiga-
tional drug will exhibit a different reaction in different subject
populations, this is not usually a major barrier to determining
the main objectives of phase I clinical studies, which are to
determine the MTD and safety profile of the investigational
drug. If the toxicity of the cytotoxic anticancer drug is proven
to be within the allowable range in the phase I clinical study,
a phase II study will be subsequently carried out on subjects
with specific types of cancer.

However, in studies targeting patients with differing cancers
of differing stages and differing prior treatment, this diversity
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may significantly affect the cancer peptide vaccine-induced
reaction. When targeting a variety of subject populations in an
early exploratory study of cancer peptide vaccines, there is a
high possibility that the safety and efficacy results will vary
more widely than the respective results obtained in cytotoxic
anticancer drug testing, which renders interpretation of the
results difficult. Therefore, the diversity of the subject popula-
tion should be considered when selecting the subject popula-
tion for cancer peptide vaccine clinical studies.

Human leucocyte antigen. It is considered reasonable to
measure subjects’ Human leucocyte antigen (HLA) considering
the molecular immunological background in which cancer pep-
tide vaccines have been developed. As a general rule, it is
common to design a study that examines subjects possessing
the HLA that matches with the relevant peptide. However, the
development of peptide vaccines that include the possibility of
non-matching HLA as a next-generation vaccine has also com-
menced. Therefore, researchers are required to specify in their
study design whether to measure HLA or, alternatively,
whether to administer the peptide vaccine to subjects with
non-matching HLLA and to both specify the rationale for their
decision in the study protocol and explain the possible advan-
tages and disadvantages to the subjects.

Antigen expression. As a rule, expression of the antigen tar-
geted by the cancer peptide vaccine in cancer tissues should
be confirmed prior to the commencement of the study and its
relationship with efficacy and safety data should be analyzed
in detail.

Multiple antigen peptide vaccines. Cases where cancer pep-
tide vaccine preparations contain multiple tumor-associated
antigens are envisioned. In such cases, the vaccine is expected
to induce multiple tumor-specific immune responses and
respond to tumor heterogeneity. Generally, it is not considered
necessary to evaluate the safety and activity of each compo-
nent of peptide vaccine preparations containing multiple
tumor-associated antigens; however, a case-by-case examina-
tion will be required.

Early exploratory studies. The main purpose of cancer pep-
tide vaccine early exploratory studies is to clarify the safety
profile of the preparation, set the recommended dose and the
recommended dosing schedule, clarify potential biological
activity and present scientific data to serve as the basis for
future drug development.

Determination of safety—the initial dose and dosing sche-
dule. In early exploratory studies, it is important to determine
the safety of the drug and optimize the dosing schedule. To do
this, the initial dose and dose escalation, followed by the rec-
ommended dose and recommended dosing schedule must all
be attained. These matters are generally determined based on
the data obtained via in vitro and in vivo non-clinical studies.
However, as mentioned in the non-clinical safety testing sec-
tion, useful data concerning the pharmacological activity and
safety of the peptide vaccine preparation is unlikely to be
obtained in animal studies and may only be obtained after
human administration. In contrast, multiple cancer peptide vac-
cine clinical studies have been carried out on humans as early
exploratory studies as translational researches (TR); at the
present point in time, no significant toxicity has been reported.
Researchers should keep this in mind and consider the need
for further safety testing in humans. For clinical studies con-
ducted with the purpose of applying for regulatory approval,
even studies based on existing TR analysis, it iS necessary
to plan early exploratory studies to reconfirm safety in a
minimum number of subjects. While implementation using a
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conventional “3 + 3 design” as described below is possible, a
cohort of subjects can be added if necessary. If safety is con-
firmed, an early exploratory study for the purpose of analyzing
the recommended dose, recommended dosing schedule and
survival rates should subsequently be planned.

Dose escalation testing. So far, in the development of can-
cer treatment, a “3 + 3 design” has been used as the standard
approach with respect to the dose escalation schedule. Once
three subjects are registered, testing begins. If dose limiting
toxicity (DLT) is not observed in any of the subjects, three
additional subjects are registered and given a higher dose and
the test continues. If DLT is observed in any one of three sub-
jects, three new subjects are registered and administered with
the same dose. If DLT is observed in two or more out of the
six subjects administered with this dose, the maximum toler-
ated dose (MTD) is deemed to have been exceeded and no
higher doses will be administered.

The “3 + 3 design” is used in many cancer peptide vaccine
clinical studies; however, it is reportedly difficult to identify
the MTD if the expression of dose-dependent toxicity is not
observed. A possible recommended dose may be prescribed
with consideration given to constraints in cancer peptide vac-
cine preparation, procedural or technical problems in adminis-
tration or anatomical issues with respect to the administration
site.

Accordingly, consideration of a study design other than the
standard “3 + 3 design” in order to gather useful dose escala-
tion-related information is also recommended in cancer peptide
vaccine clinical studies. For example, the possibility of an
approach whereby the dosage is increased in the same subject
has been suggested.

In contrast, the standard “3 + 3 design” is a sure way to
obtain cancer peptide vaccine safety information when admin-
istration involves combinations with other drugs, an invasive
technique or a site where anatomical consideration of safety is
required.

Continuous administration. In routine clinical practice for
cancer, the current treatment is generally discontinued in the
event of disease progression or recurrence. However, as time
is required to induce an antigen-specific immune response in
the administration of a cancer peptide vaccine, continuous
administration of the drug with consideration of the possibility
of late-onset effects is desirable. Alternatively, continuous
administration of a cancer peptide vaccine even after disease
progression or recurrence could also result in drawbacks: the
subject losing the opportunity to undergo other treatments, an
increase in adverse events or mortality during the treatment
period, or deterioration in the quality of the clinical study.
Accordingly, it is necessary to fully consider the criteria for
continuation and discontinuation of the vaccine and formulate
a study plan when conducting clinical studies of cancer peptide
vaccines.

Early exploratory studies: single-arm studies and random-
ized controlled studies. In cancer peptide vaccine early explor-
atory studies, similar to clinical studies of typical anticancer
drugs, the design of a study must be able to: (i) obtain data
that demonstrates the cancer peptide vaccine proof of concept;
(i1) validate the vaccine’s relationship with the standard ther-
apy (positioning); and (iii) clarify the recommended dose and
recommended dosing schedule.

In the development of typical cancer drug treatments, the pri-
mary objective of phase II clinical studies is to demonstrate the
cytoreductive effect. This is because the cytoreductive effect is
considered the most appropriate surrogate for the extension of a
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vital prognosis. However, an extended vital prognosis can be
obtained with cancer peptide vaccines even in cases where a cy-
toreductive effect cannot be obtained. Such fact should be con-
sidered in the design of early exploratory studies on cancer
peptide vaccines. Therefore, in the development of cancer pep-
tide vaccines it is important for the design of clinical studies,
even early exploratory studies, to primarily focus on vital prog-
nosis indicators. In cases where it is necessary to design an
early exploratory study to analyze the recommended dose and
recommended dosing schedule, the primary objective of induc-
ing a cancer antigen-specific immune response — the cancer pep-
tide vaccine proof of concept — is assumed. Ideally, the primary
objective is directly specified in the protocol.

When planning early exploratory studies, the advantages and
disadvantages of a single-arm study versus a randomized con-
trolled study (Table 1) should be carefully considered. The
results obtained from single-arm studies must be compared
against historical data, which introduces bias and other con-
founding variables, such as time. Since the cytoreductive effect
of cancer peptide vaccines is limited, overall survival and
relapse-free survival/disease-free survival become important
effect indicators; however, these indicators may produce even
greater variations from the differences in historical data
because of evolving subject background, etc. In contrast, while
randomized controlled studies are too small in size to statisti-
cally verify efficacy, they can provide feasibility information
(outcome predictions, protocol adherence and sample size
determination), which is useful in the design of full random-
ized controlled trials.

Pharmacokinetic and immune response monitoring. In gen-
eral, analysis of pharmacokinetics (PK) and pharmacodynamics
(PD) is required in early exploratory studies of drug develop-
ment. This is because the accumulation of scientific data con-
cerning blood concentration, tissue distribution, metabolism
and excretion of a drug is considered to contribute to the
understanding of the drug’s efficacy. However, a cancer pep-
tide vaccine administered subcutaneously is intended to exert
an immune system-mediated effect through lymph flow and
considering this mode of action it is difficult to find any mean-
ing in measuring the concentration of the drug in the blood. In
addition, because PK analysis itself is assumed to be difficult,
as peptides are rapidly degraded in vivo by dipeptidases, etc.
(refer to section Pharmacokinetic properties of peptides them-
selves), it is considered unlikely for useful new data to be
obtained by measuring the concentration of the drug in the
blood in early exploratory studies. Researchers should bear this
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in mind and, after examining the data obtained in non-clinical
studies, scientifically and logically examine the need for phar-
macokinetic analysis®" in human studies.

It is possible to monitor the immune response expected to
be induced by the cancer peptide vaccine over time. As cancer
peptide vaccines are believed to cause antitumor activity by
inducing a cancer antigen-specific immune response as their
mechanism of action, monitoring the immune response is
extremely important in PD analysis for the following reasons:

1 The dose and schedule are optimized and a determination
made as to whether the cancer peptide vaccine induces its
intended immune response in early exploratory studies. These
results form the basis for further development of the cancer
peptide vaccine and planning of future confirmatory trials.

2 The relationship between indicators of clinical efficacy and
the type and strength of immune response are important in
confirmatory studies and useful in analysis.

Multiple monitoring methods are required to identify an
important immune response. An assay method to measure the
most important and relevant immune response with respect to
antitumor effect must be developed and validated. Where pos-
sible, it is recommended to use at least two immunological
assay methods in order to monitor the cancer antigen-specific
immune response envisioned from the research hypothesis.
Methods such as cancer peptide vaccine delayed type-
hypersensitivity reaction testing, peptide-specific cytotoxic test-
ing, Interferon-y Enzyme-Linked Immunospot peptide-specific
assay and peptide-specific multimeric flow cytometry are rec-
ommended. The reproducibility of results must be validated
for each measurement. The assay conditions, positive and neg-
ative controls, positive and negative cut-off values and the sta-
tistical procedure used to analyze the results should be
specified in the clinical study protocol prior to the commence-
ment of a clinical study.

Concurrent cancer peptide vaccine and target antigen test
development. In the case of drugs from which a specific anti-
gen response is expected as the mechanism of action, it is
important to concurrently develop a method of measuring
expression of the target antigen in the cancer tissue of individ-
ual subjects, etc. and consider the possibility of using this data
in immune reaction monitoring and subject selection.

If seeking regulatory approval and a new measurement
method will be developed in a clinical study, the applicant
must work with the regulatory agency to propose a plan for

Table 1. Differences between single-arm exploratory studies and randomized controlled exploratory studies
Single-arm exploratory studies Randomized controlled exploratory studies
Advantages More information about adverse events related to Control group information can be obtained at the same time

the new treatment can be obtained
There is a chance to implement the new treatment
to all participating subjects

Simple end-points can be set and results obtained quickly

Disadvantages A historical control is required

The response rate does not necessarily reflect the survival time

It is difficult to obtain reliable results with respect
to overall survival and progression-free survival

The randomization increases reliability with respect to

the response rate end-point

The randomization also increases reliably with respect to
overall survival and progression-free survival

Statistical analysis is difficult with the low number of cases in
early exploratory studies

Subjects in the terminal stages of cancer may not accept
randomization

Not as much information about adverse events related to
the new treatment can be obtained

Implementation of confirmatory studies may be difficult if
satisfactory results are obtained
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the concurrent development of the assay method together with
the cancer peptide vaccine. This plan must be done prior to
submitting the application to the agency. At the presubmission
conference, the regulatory authorities will provide scientific
and institutional advice with respect to the development of in
vitro diagnostics and medical equipment.

Verification studies. As peptide vaccines are included as drug
treatments for cancer, the implementation of confirmatory stud-
ies in line with the concept of cancer drug treatment is
required. Importantly, it is important to design a clinical study
with an understanding of the characteristics of the cancer pep-
tide vaccine.

Verification studies are carried out in order to establish a
standard therapy and to verify the efficacy of the new treat-
ment based on phase I and II early exploratory clinical studies.
It is necessary to set an appropriate objective for the treatment
in line with the subject. The purpose of many cancer drug
treatments is to prolong life and mitigate symptoms.

Overall survival (OS), progression-free survival (PFS) and
disease-free survival (DFS) are used as the primary end-points
in validation testing. The primary end-points will differ
according to the disease and pathological condition (for exam-
ple, postcurative resection or unresectable, etc.). They will also
differ according to whether the peptide vaccine is administered
as monotherapy or in combination with antineoplastic agents.
For instance, it is extremely difficult to judge progression if
the peptide vaccine is administered as monotherapy and, in
such cases, it is more appropriate to adopt OS or DFS as end-
points. However, if the peptide vaccine is administered in
combination with antineoplastic agents, it is possible to adopt
PFS in addition to OS and DFS.

As objective evaluation of the symptom mitigation effect
and quality of life (QOL) is difficult, and there is no estab-
lished method for measuring these indicators. The end-point of
quality-adjusted life year — life-years weighted by QOL — has
been introduced. Evaluation of cost-effectiveness taking into
account the cost of medical care must also be considered.

Safety evaluation is also an important purpose of confirma-
tory studies and is carried out through comparison with a con-
trol treatment. As confirmatory tests generally take the form of
large-scale randomized studies and implementation of a high-
quality study is required, it is necessary to prepare a sufficient
study implementation system including a data center that mon-
itors the test and manages data centrally.

Study design. The objective of the study design is to verify
the non-inferiority or superiority of the developed treatment
based on its efficacy and safety. Because cancer peptide vac-
cines, in principle, target difficult-to-cure diseases with poor
prognosis, a study of superiority is considered desirable. Nev-
ertheless, a study of non-inferiority is acceptable in the event
there are safety issues with the current standard treatment. If
the non-inferiority hypothesis of the test treatment is validated
and not rejected (non-inferiority is demonstrated), it is possible
to design a subsequent study to verify superiority or concurrent
non-inferiority and superiority. In this subsequent study, supe-
riority is concluded only if it can be demonstrated. If superior-
ity cannot be proven, at least non-inferiority can be concluded.

Appropriate controls must be put in place to avoid bias that
affects analysis of the test results and activities. As a rule, the
control group in a confirmatory study is administered with
the standard treatment at the time. A comparison is made with
untreated subjects for diseases or pathological conditions if
no standard treatment is available. In these cases, a placebo-
controlled trial is desirable. Studies involving a placebo must
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be carefully considered and planned, because treatment with a
placebo alone brings about a risk of serious adverse events
such as death or irreversible morbidity through the suspension
of treatment.

Necessary information, such as stratification factors, is deter-
mined and the number of subjects determined from the setting
of non-inferiority or superiority, significance level, detection
power and the difference to be detected.

End-points. End-points differ with respect to unresectable
advanced cancer subjects (including recurrence) and post-total
lesion excision subjects (adjuvant therapy).

1 Unresectable advanced cancer. As the main purpose of the
treatment is to prolong life and mitigate symptoms, the
main primary end-points of OS and PFS are used. It is also
possible to adopt PES under some circumstances and the
setting of these primary end-points is determined by the dis-
ease and treatment (see above).

2 Postoperative adjuvant therapy. As many excisions are per-
formed for the purpose of healing, the main purpose of
adjuvant therapy is to improve the healing rate. Accord-
ingly, the primary end-points of OS and DFES are used.

Safety evaluation. Even if the conclusion of safety was
obtained in early exploratory studies, the verification study
must also carefully evaluate safety through the monitoring of
appropriate subjects.

In verification studies, safety is evaluated by comparison with
the control group and is generally set as a secondary end-point.
Arrangements must also be made in the event of unexpected
adverse events and serious adverse events with respect to the
reporting requirements as well as evaluations such as the rela-
tionship between the treatment and the appropriate response.

Safety is evaluated in accordance with criteria such as the
Common Terminology Criteria for Adverse Events (CTCAE),
which is based on adverse events, blood biochemical testing
and physiological test results. Adverse events that are not
listed in the CTCAE are generally evaluated by severity as
mild, moderate, severe or life-threatening.

As evaluation of safety and timely feedback as to the appro-
priateness of study continuity is required during the study, it is
necessary to establish an independent evaluation committee.

Efficacy evaluation and statistical analysis. Efficacy is eval-
uated mainly by the primary end-points OS or DFS. In this
analysis, the survival rate is generally calculated using the Kap-
lan—-Meier method and a comparison between treatment groups
is performed using a log rank test or Wilcoxon test. The log
rank test has a high detection power in cases where the hazard
ratio of the test group compared with the control group is con-
stant during the observation period. Meanwhile, the Wilcoxon
test has a higher detection power than the standard log-rank test
in cases where the test treatment induces a location shift for the
density function of event occurrence. Of note, late-onset effects
are assumed to be due to the antigen-specific immune response-
mediated pharmacological efficacy of cancer peptide vaccines.
Bearing this in mind, the need for analysis using new statistical
methods, such as a method that weights the late period of obser-
vation as proposed in the Harrington-Fleming method,*? is
also envisioned. The statistical analysis method must be speci-
fied in the protocol along with the significance criteria.

While PFS and response rate are sometimes set as secondary
efficacy end-points, it is important that the secondary efficacy
end-points are set according to the characteristics of the pep-
tide vaccine. Reduction in the lesion size and progression are
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other important points for objective evaluation and, as a rule,
are evaluated by an independent evaluation committee based
on Response Evaluation Criteria in Solid Tumors, etc.

Conclusion

The active promotion of clinical studies is essential in the
development of cancer peptide vaccines and the creation of
appropriate clinical study guidance is necessary for the active
promotion of these clinical studies. This Guidance for peptide
vaccines for the treatment of cancer has been published by the
Japanese Society for Biological Therapy. Needless to say,
periodic review of this guidance may be necessitated with the
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advancement of cancer vaccine research in the future. The
Japanese Society for Biological Therapy welcomes comments
from regulators and business people as well as researchers in
this area.
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Introduction

Renal cell carcinoma (RCC) comprises approximately 2-3% of
all human malignancies [1]. Although patients with localized RCC
can be curable by radical nephrectomy, approximately 30% of
patients are observed to have metastasis at the time of diagnosis,
and the median survival is only 1.5 years. Furthermore, 30% of
patients experience a relapse after initial surgery, and no adjuvant
treatment has yet been established [2-4]. Several molecular
targeting agents, including the recently approved VEGFR tyrosine
kinase inhibitor [5], were developed as novel therapeutics for
RCC, but the majority of patients eventually develop treatment-
resistant disease [6—13]. It is notable that RCC is one of the most
immune responsive cancers. IL-2 based immunotherapy is
currently the only curative treatment for metastatic RGC, but it
is poorly tolerated, with significant side effects, and the efficacy has
been limited to a 20% response rate, including a 5~10% complete
response rate [14-17]. This limited success poses further
challenges to improve the efficacy of immunotherapies for RCC.
While therapeutic vaccines that induce immunity in response to
tumor antigens have been under investigation for decades, the
number of antigens identified in RCC and the efficacy in clinical
trials have been limited [18-21].

Hypoxia-inducible protein 2 (HIG2) was first annotated as a
novel gene induced by hypoxia and glucose deprivation [22]. A
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recent functional analysis revealed that HIG2 is a novel lipid
droplet protein that stimulates intracellular lipid accumulation
[23]. We reported HIG2 upregulation in RCC, and suggested its
usefulness as a diagnostic biomarker for RCC [24]. Our findings
also implied that HIG2 might be a good molecular target for the
development of novel cancer treatment, because its expression was
hardly detectable in normal organs except for the fetal kidney.
Importantly, significant growth suppression of RCC cells occurred
when endogenous HIG2 was suppressed by HIG2-specific RNA,
suggesting that HIG2 has an essential role in the proliferation of
RCC cells. An additional study revealed that HIG2 expression was
found in 86% of human RCGC tissue samples (80/93) and also
correlated with the clinicopathological characteristics and survival
of RCC patients [25].

In the present study, we focused on HIG2 as a novel tumor
antigen, which induces antigen-specific cytotoxic T lymphocytes
(CTLs) against RCC cells. We investigated the HIG2-derived
epitope peptide restricted to HLA-A*02:01, the most common
HILA class I type in Caucasians and the second most common type
in the Japanese population [26,27], and demonstrate that this
epitope peptide can also be presented by another HLA-A2
supertype allele. Thus, this epitope peptide would be applicable for
peptide-based immunotherapies for RCC patients with HLA-A2.
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Ethics statement

The study protocol was approved by the Institutional Review
Board of OncoTherapy Science, Inc. and written informed
consent was obtained from all subjects, in accordance with the
guidelines of the Ethical Committee on Human Research of
Wakayama Medical University, School of Medicine, OncoTher-
apy Science, Inc., The University of Tokyo, Juntendo University
School of Medicine, The University of Tokushima and University
of Chicago.

Materials and Methods

Peptides

HIG2-derived 9-mer and 10-mer peptides that have high
binding affinity (binding score >10) to HLA-A*02:01 were
predicted by the binding prediction software “BIMAS” (http://
www-bimas.cit.nih.gov/molbio/hla_bind), and the homologous
sequences were examined by the homology search program
“BLAST” (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Selected high
affinity peptides and the HLA-A*02:01-restricted HIV-derived
epitope peptide ILKEPVHGYV) [28] were synthesized by Sigma
(Ishikari, Japan). The purity (>90%) and the sequences of the
peptides were confirmed by analytical HPLC and a mass
spectrometry analysis, respectively. Peptides were dissolved in
dimethylsulfoxide at 20 mg/m! and stored at —80°C.

Cell lines

T2 (HLA-A*02:01, lymphoblast), Jiyoye (HLA-A32, Burkitt’s
lymphoma), EB-3 (HLA-A3/Aw32, Burkitt’s lymphoma), Cercopr-
thecus aethiops-derived COS7 and A498 (HLA-A*02:01, kidney
carcinoma) cells were purchased from the American Type Culture
Collection (Rockville, MD). PSCCA0922 (HLA-A*02:06/
A*31:01, a B cell line) was provided by the Health Science
Research Resources Bank (Osaka, Japan). Caki-1 (HLA-A%*24:02/
A*23:01, renal clear cell carcinoma) cells were provided by the
Cell Resource Center for Biomedical Research Institute of
Development, Aging and Cancer at Tohoku University. The
HIG2 expression in A498 and Caki-1 cells was confirmed by a
Western blotting analysis [24]. T2, Jiyoye, EB-3 and PSCCA0922
cells were maintained in RPMI1640 (Invitrogen, Carlsbad, CA),
A498 and Caki-1 cells were maintained in EMEM (Invitrogen)
and COS7 cells were maintained in DMEM (Invitrogen). Each
medium was supplemented with 10% fetal bovine serum
(GEMINI Bio-Products, West Sacramento, CA) and 1% antibiotic
solution (Sigma-Aldrich, ST. Louis, MO).

Gene transfection

The plasmid encoding HLA-A*02:01 was a generous gift from
Dr. Kawakami (Keio University, Tokyo Japan). cDNA fragments
encoding HLA-A%02:06 or HIGZ2 (GenBank Accession Number
NM_013332) were cloned into the pcDNA3.1/myc-His vector
(Invitrogen). Plasmid DNAs containing HLA-4*02:01, HLA-
A*02:06 and/or HIG2 were transfected into COS7 cells using
Fugene 6 (Roche Diagnostics, Indianapolis, IN) according to the
manufacturer’s instructions. COS7 cells were incubated with the
transfection mixture at 37°C overnight prior to use as stimulator
cells. The introduction of the targeted proteins was confirmed by a
Western blotting analysis.

In vitro CTL induction

CD8* T cells and monocyte-derived dendritic cells (DCs) were
prepared from peripheral blood of healthy volunteers (either HLA-
A*02:01 or HLA-A*02:06 positive) with written informed consent.
Peripheral blood mononuclear cells (PBMCs) were isolated by
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Ficoll-Paque PLUS (GE Healthcare, Uppsala, Sweden) and CD8*
T cells were harvested by positive selection with a Dynal CD8
Positive Isolation Kit (Invitrogen). Monocytes were enriched from
the CD8™ cell population by adherence to a tissue culture dish
(Becton Dickinson, Franklin Lakes, NJ) and were cultured in AIM-
V (Invitrogen) containing 2% heat-inactivated autologous serum
(AS), 1,000 U/ml of GM-CSF (R&D Systems, Minneapolis, MN)
and 1,000 U/ml of interleukin (IL)-4 (R&D Systems) on day 1. On
day 4, 0.1 KE/ml of OK-432 (Chugai Pharmaceutical Co.,
Tokyo, Japan) was added in the culture to induce the maturation
of DCs. On day 7, DCs were pulsed with 20 pg/ml of the
respective synthesized peptides in the presence of 3 pg/ml of p2-
microglobulin (Sigma-Aldrich, ST. Louis, MO) in AIM-V at 37°C
for 4 h [29]. These peptide-pulsed DCs were then incubated with
30 pg/ml of mitomycin C (MMC) (Kyowa Hakko Kirin Co. Ltd.,
Tokyo, Japan) at 37°C for 30 min. Following washing out the
residual peptide and MMG, DCs were cultured with autologous
CD8" T cells on 48 well plates (Corning, Inc., Corning, NY) (each
well contained 1.5x10* peptide-pulsed DCs, 3x10° CD8" T cells
and 10 ng/ml of IL-7 (R&D Systems) in 0.5 ml of AIM-V/2%
AS). Two days later, these cultures were supplemented with IL-2
(CHIRON, Emeryville, CA) (final concentration: 20 IU/ml). On
days 14 and 21, T cells were further re-stimulated with the
autologous peptide-pulsed DCs, which were freshly prepared every
time. On day 28, the CTL activity against peptide-pulsed T2 or
PSCCAQ0922 cells was examined by an interferon (IFN)- y
enzyme-linked immunospot (ELISPOT) assay.

IFN-y enzyme-linked immunospot (ELISPOT) assay

The human IFN-y ELISPOT kit and AEC substrate set (BD
Biosciences) were used to analyze the T cell response to the
respective peptides. The ELISPOT assay was performed accord-
ing to the manufacturer’s instructions. Briefly, T2 or PSCCA0922
cells were pulsed with 20 pg/ml of the respective peptides at 37°C
for 20 h, and the residual peptide that did not bind to cells was
washed out to prepare peptide-pulsed cells as the stimulator cells.
After removing 500 pl of supernatant from each well of in viro
CTL-inducing cultures, 200 ul of cell culture suspensions were
harvested from each well and distributed to two-new wells (100 pl
each) on Multiscreen-IP 96 well plates (Millipore, Bedford, MA).
The cells were co-incubated with peptide-pulsed cells (1x10*
cells/well) at 37°C for 20 h. HIV peptide-pulsed cells were used as
a negative control. Spots were captured and analyzed by an
automated ELISPOT reader, ImmunoSPOT $4 (Cellular Tech-
nology Ltd, Shaker Heights, OH) and the ImmunoSpot Profes-
sional Software package, Version 5.0 (Cellular Technology Ltd).

CTL expanding culture

The peptide-specific CTLs harvested from ELISPOT-positive
wells after i vitro GTL induction were expanded by a modified
protocol based on the previously described methods [30,31]. A
total of 5x10%* CTLs was cultured with 5x10° MMC-inactivated
Jiyoye or EB-3 cells (30 pg/ml at 37°C for 30 min treatment) in
25 ml of AIM-V/5% AS containing 40 ng/ml of anti-CD3
monoclonal antibody (BD Biosciences, San Diego, CA) on day 0.
IL-2 was added 24 h later (final concentration: 120 IU/ml), and
fresh AIM-V/5% AS containing 30 IU/ml of IL-2 was provided
on days 5, 8 and 11. On day 14, CTLs were harvested and the
CTL activity was examined by an IFN-y enzyme-linked immu-
nosorbent assay (ELISA).

Establishment of CTL clones
CTL clones were established by the limiting dilution method.
Briefly, CTLs were diluted to 0.3, 1 or 3 cells per well in 96 well
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Figure 1. The IFN-y production in response to the HIG2-9-8, HIG2-9-15, HIG2-9-4 or HIG2-10-8 peptide. (a) The IFN-y production from
cells induced by the indicated peptide-pulsed DCs was examined by an ELISPOT assay using T2 cells. “+” indicates the wells in which cells were
stimulated with T2 cells pulsed with the indicated peptide and “—" indicates the wells in which cells were stimulated with HIV peptide-pulsed T2
cells. The IFN-y production from cells induced with HIG2-9-8 (b), HIG2-9-15 (c), HIG2-9-4 (d) or HIG2-10-8 () peptide stimulation after CTL expanding
culture was examined by ELISA. Cells were stimulated with T2 cells pulsed with the corresponding peptide (closed diamonds) or HIV peptide (open
squares) at the indicated responder/stimulator ratio (R/S ratio). Similar results were obtained from three independent experiments.
doi:10.1371/journal.pone.0085267.g001

round bottom plates (Corning, Inc.), and were cultured with day 10 (final concentration: 125 IU/ml). On day 14, an IFN-y
MMC-treated 1x10* Jiyoye and EB-3 cells in 125 pl AIM-V ELISPOT assay was performed to measure the CGTL activity of
containing 5% AB serum and 30 ng/ml of an anti-CD3 each clone.
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Figure 2. The expression of a HIG2-9-4 peptide-specific T cell receptor on CD8+ T cells. The expression of the HIG2-9-4 peptide-specific T
cell receptor was examined on CD3*CD4~ cells following CTL expansion culture of HIG2-9-4 peptide-induced CTLs. (a) A quadrant gate was set based
on the staining results with the HIV peptide/HLA-A*02: 01 tetramer. (b) CD8* T cells expressing the HIG2-9-4 peptide/HLA-A*02: 01-specific T cell
receptor were detected. Similar results were obtained from three independent experiments.

doi:10.1371/journal.pone.0085267.9002
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Table 1. Candidate peptides derived from HIG2 restricted
with HLA-A*02:01.

Peptide name

Amino acid sequence (mer) Binding Score

F S
HIG2-9-13 VLTLLSIFV (9)

L
VLNLYLLGV (9)

HIG2-9-4 271.948

RVMESLEGL (9)

31.957

HIG2-9-22

HIG2-10-8 YLLGVVLTLL (10} 836.253

sty

HIG2-10-4 VLNLYLLGVV (10) 14.495

HIG2-10-18

SIFVRVMESL (10) 12.248

The binding score was obtained from the BIMAS website (http://www-bimas.cit.
nih.gov/molbio/hla_bind).
doi:10.137 1/journal.pone.0085267.t001

IFN-y enzyme-linked immunosorbent assay (ELISA)

The CTL activity was examined by IFN-y ELISA. Peptide-
pulsed cells (1x10* cells/well) or gene-transfected  cells
(5%10* cells/well) were used to stimulate CTLs at several
responder/stimulator ratios in 200 pl of AIM-V/5% AS on 96
well round bottom plates (Corning Inc.). After 24 h of incubation,
cell-free supernatants were harvested, and the IFN-y production
was examined by an IFN-y ELISA kit (BD Biosciences) according
to the manufacturer’s instructions.

Flow cytometry

The expression of peptide-specific T cell receptors was
examined on FACS-Canto II (Becton Dickinson, San Jose, CA)
using PE-conjugated peptide/MHC tetramer (Medical and
Biological Laboratories, Nagoya, Japan) according to the manu-
facturer’s instructions. Briefly, i wiro expanded CTLs were
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incubated with peptide/MHGC tetramer at room temperature for
10 min, and then a FITC-conjugated anti-human CD8 mAb,
APC-conjugated anti-human CD3 mAb, PE-Cy7-conjugated anti-
human CD4 mAb and 7-AAD (BD Biosciences) were added and
incubated at 4°C for 20 min. HIV peptide JLKEPVHGV)/HLA-
A*02: 01 tetramer was used as a negative control.

Cytotoxicity assay

The cytotoxic activity of the induced CTL clones was tested by
a 4 h ®'Cr release assay as described previously [32]. Data are
presented as the means = SD of triplicate samples. Student’s t test
was used to examine the significance of the data.

Results

CTL induction with HLA-A*02:01-binding peptides
derived from HIG2

We synthesized twelve 9-mer and 10-mer peptides, correspond-
ing to parts of the HIG2 protein that had been suggested to bind to
HLA-A*02:01 by the prediction with the BIMAS program
(Table 1). After in vitro culture to induce CTLs, IFN-y production
was observed specifically when cells were stimulated with T2 cells
that had been pulsed with the HIG2-9-8 peptide (YLLGVVLTL),
HIG2-9-4 peptide (VLNLYLLGV), HIG2-9-15 peptide
(TLLSIFVRYV) or HIG2-10-8 peptide (YLLGVVLTLL) among
all of the candidate peptides shown in Table 1 (Fig. S1 showing all
12 wells of one experiment and Fig. la showing representative
wells). After CTL-expanding culture, cells still produced IFN-y in
response to the respective peptides in a responder/stimulator
ratio-dependent manner, and HIG2-9-4 peptide-specific CTLs
produced a higher amount of IFN-y than CTLs stimulated with
other peptides (Figs. 1b—e). In the independent experiments using
PBMCs from other 2 donors, HIG2-9-4 peptide-specific CTLs
produced the highest amount of IFN-y (data not shown). We
confirmed the existence of HIG2-9-4/HLA-A*02:01-specific
CD8* T cells by tetramer staining. A significant population of
CD3*CD4~CD8" cells expressed the HIG2-9-4/HLA-A*02:01-
specific T cell receptor after the expansion of cells obtained by i
vitro C'TL induction (Fig. 2).

068 03
EfT ratio

Figure 3. The IFN-y production and cytotoxic activity of a HIG2-9-4 peptide-specific CTL clone. (a) An established CTL clone was
stimulated with T2 cells pulsed with the HIG2-9-4 peptide (closed diamonds) or HIV peptide (open squares). The IFN-y production in the culture
supernatant was examined by ELISA. R/S ratio; responder/stimulator ratio. (b} The cytotoxic activity of the HIG2-9-4 peptide-specific CTL clone was
examined against peptide-pulsed T2 cells (close diamond) or T2 cells pulsed with the HIV peptide (open square). E/T ratio; effector/target ratio. All
experiments were performed in triplicate. The representative results from three independent experiments are shown. *P<<0.001

doi:10.1371/journal.pone.0085267.g003
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Figure 4. The recognition of HIG2 and HLA-A*02:01-expressing cells by a HIG2-9-4 peptide-specific CTL clone. (a) A HIG2-9-4 peptide-
specific CTL clone was stimulated with COS7 cells expressing both HIG2 and HLA-A*02:01 (close diamond), or either HIG2 alone (open circle) or HLA-
A*02:01 alone (open triangle), then the IFN-y production was examined by ELISA. R/S ratio; responder/stimulator ratio. (b) The cytotoxic activity of the
HIG2-9-4 peptide-specific CTL clone was examined against HLA-A*02:01-positive HIG2-expressing A498 cells (closed diamond) or HLA-A*02:01-
negative HIG2-expressing Caki-1 cells (open circle). E/T ratio; effector/target ratio. All experiments were performed in triplicate. Representative results

from three independent experiments are shown. ¥; P<<0.001.
doi:10.1371/journal.pone.0085267.g004

Establishment of HIG2-9-4 peptide-specific CTL clones
We subsequently established HIG2-9-4 peptide-specific CTL
clones by the limiting dilution of induced CTLs. The established
HIG2-9-4 peptide-specific CTL clone produced a large amount of
IFN-y when it was stimulated with HIG2-9-4 pulsed-T2 cells,
while no IFN-y production was detected when they were
stimulated with HIV-peptide-pulsed-T2 cells (Fig. 3a). IFurther-
more, the HIG2-9-4 peptide-specific CTL clone exerted substan-
tial cytotoxic activity against T2 cells pulsed with the HIG2-9-4
peptide, but not those pulsed with the HIV peptide (Fig. 3b).
However, we failed to establish any CTL clones that reacted with
HIG2-9-8, HIG2-9-15 or HIG2-10-8 peptides, even after several
attempts using multiple donors (data not shown). In addition, we
found no homologous sequence to the HIG2-9-4 peptide by a
homology search using the BLAST algorithm (data not shown),
indicating that the HIG2-9-4 peptide is a unique epitope peptide

among the candidate peptides predicted by the BIMAS program
that can induce potent and stable CGTLs.

Specific CTL response to HIG2 and HLA-A*02:01-

expressing cells

To further verify the recognition of HIG2-expressing cells with
HLA-A*02:01 by the HIG2-9-4-specific CTL clone, we prepared
COS7 cells in which either or both of two plasmids designed to
express the full-length of HIG2 and HLA-A*02:01 were
transfected. The HIG2-9-4-specific CTL clone produced IFN-y
when the cells were exposed to the COS7 cells expressing both
HIG2 and HLA-A*02:01, while no IFN-y production was
observed when they were exposed to COS7 cells expressing either
HIG2 or HLA-A*02:01 (Fig. 4a). Furthermore, the HIG2-9-4
peptide-specific CTL clone demonstrated cytotoxic activity against
A498 cells expressing both HLA-A*02:01 and HIG2, while no
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Figure 5. The HLA-A*02:06-restricted response of a HIG2-9-4 peptide-specific CTL clone. (a) A HiG2-9-4 peptide-specific CTL clone was
induced from HLA-A*02:06-positive PBMCs, and stimulated with HLA-A*02:06-positive PSCCA0922 cells pulsed with the HIG2-9-4 peptide (close
diamond) or HIV peptide (open square). (b) The HIG2-9-4 peptide-specific CTL clone was stimulated with COS7 cells expressing both HIG2 and HLA-
A¥*02:06 (close diamond), or either HIG2 alone (open circle) or HLA-A*02:06 alone (open triangle). The IFN-y production in the culture supernatant was
examined by ELISA. R/S ratio; responder/stimulator ratio. The representative results from three independent experiments are shown.
doi:10.1371/journal.pone.0085267.g005
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cytotoxicity was observed against HIG2-expressing Caki-1 cells
without HLA-A*02:01 expression (Fig. 4b).

The HIG2-9-4 peptide cross-reacts with HLA-A*02:06

We additionally evaluated the cross-reactivity of the HIG2-9-4
peptide with HILA-A*02:06, since HLA-A*02:06 differs from
HLA-A*02:01 by a single amino acid, and some reports have
indicated the presentation of HLA-A*02:01-restricted peptides on
HLA-A*02:06 [33,34]. Similar to the HLA-A*02:01 experiments,
potent CTL clones were established from the PBMCs of HLA-
A*02:06-positive donors by stimulation with the HIG2-9-4
peptide. An established CTL clone showed potent IFN-y
production when it was exposed to HIG2-9-4 peptide-pulsed
HILA-A*02:06-positive PSCCA0922 cells (Fig. 5a). Furthermore,
this GTL clone recognized GOS7 cells that expressed both HIG2
and HLA-A*02:06 and produced IFN-y, while no IFN-y
production was observed when stimulated with COS7 cells that
expressed either HIG2 or HLA-A*02:06 (Fig. 5b). These results
suggested that the HIG2-9-4 peptide is cross-reactive with HLA-
A*02:06 to induce CTLs that show CTL activity against HLA-
A*02:06- and HIG2-expressing cells.

Discussion

The recent FDA approvals of the cellular immunotherapy,
Sipuleucel-T  (Provenge), and immunomodulatory antibody,
ipilimumab (Yervoy), have provided a proof of concept that the
immune system can be used as a new approach to treat cancer
[35,36]. Immunization with HLA-restricted epitope peptides
derived from tumor antigens is a strategy that has been vigorously
pursued to activate the immune system [37-40]. Unfortunately,
many of the vaccine trials using epitope peptides failed to
demonstrate clinical efficacy due, at least in part, to the potential
immune escape mechanisms, which are attributed to the loss of
tumor antigen expression by tumor cells [41-43]. Accordingly, the
selection of tumor antigens which play a key role in tumor cell
proliferation or survival is considered to be important to overcome
immune escape. If a targeted tumor antigen is essential for tumor
growth, the downregulation of this tumor antigen as a form of
immune escape is expected to impair tumor progression.

Correspondingly, in the guidelines from the FDA (Guidance for
Industry: Clinical Considerations for Therapeutic Cancer Vac-
cines), multi-antigen vaccines which contain multiple tumor
antigens in order to generate multiple tumor-specific immunolog-
ical responses were mentioned to effectively hinder escape
mechanisms. We therefore consider that the identification of
epitope peptides derived from multiple tumor antigens which are
involved in tumor progression or survival can contribute to the
development of multi-antigen vaccines, and can improve the
efficacy of peptide vaccine therapies. We have previously identified
epitope peptides derived from various tumor antigens, each of
which plays a key role in tumor progression, and some of these
peptides have been applied for clinical trials as multi-peptide
vaccines [44—46].

In this study, we identified an HLA-A2 supertype-restricted
epitope peptide derived from HIG2. HIG2 was upregulated in
RCC and hardly detectable in normal organs except for the fetal
kidney, and importantly, HIG2 expression was found to be
directly associated with the proliferation of RCC cells [24]. Hence,
RCC cells are thought to maintain HIG2 expression even under
immunoselective pressure, or to otherwise exhibit tumor growth
suppression resulting from the loss of HIG2 expression.

PLOS ONE | www.plosone.org
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IFN-y-producing stable CTL clones specific to the HIG2-9-4
peptide (VLNLYLLGV) were established from HLA-A2 (either
A*02:01 or A*02:06)-positive PBMCs, and these clones responded
specifically to COS7 cells that expressed both HIG2 and HLA-A2
(A*02:01 or A*02:06). We also revealed that HIG2-9-4-specific
HLA-A*02:01-restricted CTLs exerted cytotoxic activity against
RCC cells that were positive for both HIG2 and HLA-A*02:01,
but not against negative cells. These results suggested that HLA-
A2 (A*02:01 or A*02:06)-restricted HIG2-9-4 peptide-specific
CTLs are inducible and stable, and these CTLs substantially
respond to HIG2-expressing cells through the endogenous
processing of the HIG2-9-4-peptide and the subsequent presen-
tation with the HLA-A2 (A*02:01 or A*02:06) molecule on the cell
surface. In addition, HIG2 is an oncofetal antigen, as described
above, and no homologous sequence to the HIG2-9-4 peptide was
demonstrated by a homology search using the BLAST algorithm.
Thus, HIG2-9-4 peptide-specific CTLs should not induce
unintended immunological responses to normal cells, such as
those associated with autoimmune diseases, even if this novel and
unique peptide induces strong immune responses against HIG2-
expressing RCC.

HIG?2 expression was found in the majority of RCC patients
(86%) [25], and additionally, the HLA-A2 supertype is the most
common HLA class I type in Caucasians and the second most
common type in the Japanese population [26,27]. Therefore,
identification of HLA-A2 supertype-restricted epitope peptides
derived from HIG2 could be applicable for immunotherapies in a
wide variety of RCC patients. As well as finding novel tumor
antigens which are widely expressed in cancer patients, finding
epitope peptides restricted to major HLA Class I types will
facilitate further development of cancer immunotherapies. We are
now conducting clinical trials to examine the immunogenicity and
safety of a HIG2-9-4 peptide vaccine in RCC patients.

Supporting Information

Figure S1 Response to the HIG2-9-8, HIG2-9-15, HIG2-
9-4 or HIG2-10-8 peptide detected by IFN-y ELISPOT
assay. The IFN-y production from cells induced by the indicated
peptide-pulsed DCs in 12 wells for each peptide was examined by
an ELISPOT assay. “+” indicates the wells in which cells were
stimulated with T2 cells pulsed with the indicated peptide and
“—* indicates the wells in which cells were stimulated with HIV
peptide-pulsed T2 cells. The wells in which the difference between
peptide-pulsed cells and HIV peptide-pulsed cells were over 50
spots are indicated by squares.
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Abstract. Peritoneal dissemination is frequently detected in
patients with advanced gastric cancer. The peritoneal cavity
is a compartment in which an immunologic host-tumor
intéraction can oceur. There are no reports on the relationship
between IL-17 expression in peritoneal lavage and prognosis
in gastric cancer patients, Therefore, we investigated the
expression of IL-17 mRNA in peritoneal lavage from gastric
cancer patients and assessed the association of its exptession
with clinicopathological parameters and prognosis. Peritoneal
lavage was obtained from 114 patients with gastric cancer
at initial surgery. Seventy-nine patients underwent curative
resection, Among these 79 patients, IL-17 mRNA expression
was associated with the depth of tumor invasion (P<0.05).
Twelve of the 79 patients who underwent curative resection
died, and 9 of those 12 developed peritoneal metastasis.
Notably, among the 79 patients who-underwent curative resec-
tion, those with high expression of [L-17 mRNA in peritoneal
lavage had significantly prolonged survival when compared
to these patients with low expression of IL-17 mRNA in
peritoneal lavage (P<0.05) as evidence by the survival curves.

In a multivariate analysis, low expression of 1L-17 mRNA in
peritoneal lavage and tumor size wete found to be independent
significant predictive factors for prognosis (HR, 7.91; 95% CI,

1.65-38.03) in the patients who underwent curative resection.

IL-17 mRNA expression in peritoneal lavage is a reliable
prognostic factor for patients undergoing curative resection for
gastric cancer. Low IL-17 expression in the peritoneal cavity
may correlate with cancer development in the peritoneal cavity
in patients with gastric cancer.
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Introduction

Although the prognosis of gastric cancer has improved with
the development of early diagnosis and new therapeutic strat-
sgies; it remains one of the main causes of cancer-related
mortality worldwide (1), ‘with peritoneal carcinomatosis,
often associated with malignant ascites, being the most
frequent.cause of death in patients with advanced gastric
cancer. Peritorieal dissemination is considered to arise from
free cancer cells in the peritoneal cavity exfoliated from the
serosal surface of the stomach penetrated by the primary
tumor (2). Therefore, cytologic examination of peritoneal
washes has been performed at laparotomy to detect free
cancer cells in patients with advanced gastric cancer, and it
is recogmzed as one of the most important prognostic factors
(3-7). Since 1999, it has been reported that the presence of
free cancer cells in the peritoneal ¢avity should be consid-
ered as an independent prognostic: factor-in patients with
gastric cancer by the Japanese Gastric Cancer Association,
Moreover, in the International Union Against Cancer's TNM
classification 7th edition for gastric cancer, positive perito-
neal cytology is defined as stage IV, V

Therefore, detection of free cancer cells in peritoneal
washes is a standard method for the assessment of risk for
peritoneal carcinomatosis. However, patients who are diag-
nosed as having no free cancer cells in the peritoneal cavity
by conventional cytology sometimes develop peritoneal recur-
rence after curative resection. This may occur since cytology
is considered to have low sensitivity. Infact, recently, real-time
RT-PCR techniques have been developed in order to increase
the sensitivity of conventional peritoneal lavage: cytology (8.,9).
Concerning another cause for the development of recurrent
peritoneal disease, the cytokine network may play an impor-
tant role in the immunosuppressive and immunostimulatory
properties of cancer-related ascites fluid (10,11). However, the
role of eytokines produced by cells in the peritoneal cavity on
tumor growth in gastric cancer patients is still unclear.

Th17.cells have recently been identified as having a distinct
Th cell lineage and were found in an experimental animal
miodel of cancer and in human cancers. Thi7 cells have been
found in several types of human cancers, such as ovarian,
prostate, colorectal, and other malignancies, as well as gastric
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