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Introduction

Pancreatic carcinoma is a disease with a dismal prognosis;
the 5-year survival rate of patients diagnosed with this cancer
remains less than 5% (1). Since it is difficult to diagnose
pancreatic cancer at an early stage, 70-80% patients with
pancreatic cancer have unresectable disease, including
locally advanced or distant metastatic disease, at diagnosis.
Pancreatic cancer is currently the fifth leading cause of
cancer-related mortality in Japan, with an estimated 28,017
deaths occurring from the disease in 2010 (2).

Pancreatic cancer is clinically classified to three stages,
namely, resectable, unresectable locally advanced, and
metastatic, regarding treatment strategy. According to
the TNM classification by the UICC, resectable disease
corresponds mostly to Stage I and II and in some cases, to
Stage I1I, unresectable locally advanced disease corresponds
to Stage III, and metastatic disease corresponds to Stage IV.
The treatment strategy differs by the clinical stage, and it is
important to determine the clinical stage in each pancreatic
cancer patient to select the most appropriate treatment
method.

For more than 10 years, ever since a phase III study
revealed survival benefit of gemcitabine as compared to
fluorouracil therapy (3), gemcitabine has been widely
used as the standard chemotherapy for unresectable
pancreatic cancer. After gemcitabine chemotherapy became
established as the standard therapy, many newer agents
have been investigated for the treatment of unresectable
pancreatic cancer, and some promising treatments have
been developed. Furthermore, chemotherapy is also applied
as adjuvant therapy after surgery and combined with
radiotherapy for locally advanced disease.
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Chemotherapy for unresectable pancreatic
cancer

Gemcitabine has become established as the standard
treatment for patients with unresectable pancreatic cancer,
improving the patient survival as compared to fluorouracil
(Table 1) (3). However, the anticancer activity of this drug
is only modest; the reported response rate is around 10%
and the median overall survival (OS) is 6 to 7 months in
patients with unresectable pancreatic cancer treated with
gemcitabine. Thus, the prognosis of these patients remains
poor, and development of more effective treatments for
pancreatic cancer is urgently needed.

S-1. which consists of tegafur, gimeracil and oteracil
potassium, has been developed for pancreatic cancer in
Japan. Tegafur is a prodrug of fluorouracil, and gimeracil is
a competitive inhibitor of dihydropyrimidine dehydrogenase
(DPD), the enzyme responsible for the degradation of
fluorouracil, which allows efficacious concentrations of
fluorouracil to be maintained in the plasma and tumor
tissues. Oteracil potassium, a competitive inhibitor of
orotate phosphoribosyltransferase (OPRT), inhibits the
phosphorylation of fluorouracil in the gastrointestinal
tract, and reduces the serious gastrointestinal toxicity of
fluorouracil. A phase II study of S-1 demonstrated promising
activity against pancreatic cancer; the response rate was 37.5%,
median time to progression (T'TP) was 3.7 months, median
OS was 9.2 months (7). Furthermore, it was expected that S-1
administered combined with gemcitabine (GS therapy) might
be more effective, and several phase II studies of GS therapy
have been conducted. In a reported multi-institutional study of
GS therapy, the response rate was 44%, the median progression-
free survival (PFS) was 5.9 months, and the median OS was
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Table 1 Randomized clinical trials for unresectable pancreatic cancer which demonstrated statistically significantly positive results

. Median OS  %1-year hazard ratio
Regimen n Response : P-value Author [Year]
(months) survival (95%Cl)

Fluorouracil 63 0 4.41 2.0% - .

e 0.0025 Burris HA lll et al. [1997] (3)
Gemcitabine 63 5.4% 5.65 18.0% -
Gemcitabine 284 6.9% 5.9 17.0% -

o . 0.038 Moore MJ et al. [2005] (4)
Gemcitabine/erlotinib 285 8.2% 6.2 23.0% 0.82 (0.69-0.99)
Gemcitabine 277 13.3% 8.8 35.4% - -
S-1 280 21.0% 9.7 38.7% 0.96 (0.78-1.18) <0.001* loka T et al. [2011] (5)
Gemcitabine/S-1 275 29.3% 10.1 40.7% 0.88 (0.71-1.08) 0.15
Gemcitabine 171 9.4% 6.8 20.6%

0.57 (0.45-0.73)  <0.001 Conroy T et al. [2011] (6)

FOLFIRINOX 171 31.6% 11.1 48.4%

*, non-inferiority; OS, overall survival; %1-year survival, one-year survival rate

10.1 months (8).

Thus, S-1 or GS therapy was expected to replace
gemcitabine as the standard therapy for unresectable
pancreatic cancer, and a phase III study was conducted
comparing S-1 or GS therapy with gemcitabine alone (5). The
primary endpoint was OS, and the superiority of GS therapy
and the non-inferiority of S-1 were examined. It was expected
that the median OS would be 7.5 months in the gemcitabine
group, 8.0 months in the S-1 group, and 10.5 months in the
GS group. The subjects were chemotherapy-naive patients
with locally advanced or metastatic pancreatic cancer.
Patients were randomly assigned to receive only gemcitabine
(1,000 mg/m’ on days 1, 8, and 15 of a 28-day cycle), only S-1
(80/100/120 mg/day according to body surface area on days 1
to 28 of a 42-day cycle), or gemcitabine plus S-1 (gemcitabine
1,000 mg/m’ on days 1 and 8 plus S-1 60/80/100 mg/day on
days 1 to 14 of a 21-day cycle). In the total of 834 enrolled
patients, median OS was 8.8 months in the gemcitabine
group, 9.7 months in the S-1 group, and 10.1 months in the
GS group. The non-inferiority of S-1 to gemcitabine was
demonstrated [hazard ratio, 0.96; 97.5% confidence interval
(CD), 0.78 to 1.18; P<0.001 for non-inferiority], while the
superiority of gemcitabine plus S-1 was not proven (hazard
ratio, 0.88; 97.5% CI, 0.71 to 1.08; P=0.15) (Table I) (5).
Both treatments were generally well-tolerated, although
hematologic and gastrointestinal toxicities were more severe
in the GS group than in the gemcitabine group. As a result,
at present S-1 monotherapy is accepted as an alternative
treatment option for unresectable pancreatic cancer in Japan.

Although many gemecitabine-based combination regimens
have been evaluated, a statistically significant survival benefit
as compared to gemcitabine alone was obtained only for
erlotinib combined with gemcitabine in a phase III study
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(the PA. 3 study) (4). Erlotinib is an epidermal growth factor
receptor (EGFR) tyrosine-kinase inhibitor and is used in
the treatment of various types of solid tumors, especially
lung cancer. In the PA.3 study, erlotinib plus gemcitabine
therapy reduced the risk of death by 18% as compared
to treatment with gemcitabine alone (hazard ratio 0.82;
95% CI, 0.69-0.99; P=0.038), with a median OS of 6.24
versus 5.91 months, respectively (Table 1) (4). As a result,
combination therapy with gemcitabine plus erlotinib came
to be recognized as one of the standard treatments for
unresectable pancreatic cancer. In Japan, a phase II study
was conducted to examine the feasibility and efficacy of
gemcitabine plus erlotinib therapy in Japanese patients, and
107 patients were enrolled (9). The most common adverse
events were skin rash, including acneiform dermatitis and
anorexia. While interstitial lung disease-like events were of
grave concern and were reported in nine patients (8.5%),
all of the patients recovered or improved. The median OS
and median PFS were 9.23 and 3.48 months, respectively.
In Japanese patients with unresectable pancreatic cancer,
erlotinib plus gemcitabine therapy showed acceptable
toxicity and promising efficacy that were not inferior to the
results reported from western patients.

As a chemotherapeutic regimen not including gemcitabine,
FOLFIRINOX, consisting of oxaliplatin, irinotecan,
fluorouracil and leucovorin, was investigated for advanced
pancreatic cancer in France. A phase III study comparing
FOLFIRINOX with gemcitabine demonstrated significant
survival benefit of FOLFIRINOX as compared to gemcitabine
in patients with metastatic pancreatic cancer (Table 1) (6).
FOLFIRINOX was associated with a higher incidence of
toxicity; in particular, febrile neutropenia was observed
in 5.4% patients in the FOLFIRINOX group and 1.2%
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Table 2 Recent clinical trials of chemotherapy or chemoradiotherapy for locally advanced pancreatic cancer

Radiotherapy Chemotherapy n Median OS (month) Author [year]
- Gemcitabine 50 15 Ishii H et al. [2010] (14)
60 Gy Fluorouracil/cisplatin 59 8.6
o Chauffert B et al. [2008] (15)
- Gemcitabine 60 13
50.4 Gy Gemcitabine 34 11.1
o Loehrer Sr PJ et al. [2011] (16)
- Gemcitabine 37 9.2
50.4 Gy S-1 61 16.2 Ikeda M et al. [2012] (17)

OS, overall survival; % 1-year survival, one-year survival rate

patients in the gemcitabine group. Based on these results,
FOLFIRINOX is considered as a first-line option for
metastatic pancreatic cancer as a standard care, however,
appropriate selection of candidates is necessary, such as
patients with a good performance status, of younger age
and having no risk of cholangitis. In Japan, a small phase
IT study of FOLFIRINOX is currently under investigation
to examine the feasibility in Japanese patients, because
irinotecan is used 180 mg/m’ in this regimen, whereas only
use at 150 mg/m’ or less is approved for various types of
cancers in Japan.

A another promising new chemotherapy regimen is
a combination of gemcitabine plus nab-paclitaxel. This
combination yielded promising results in a phase I/II study; the
response rate was 48% and the median OS was 12.2 months
in patients with metastatic pancreatic cancer (10). This study
also suggested that Stromal Secreted Protein Acidic and Rich
in Cysteine (SPARC) expression may be an important marker
of early activity of gemcitabine plus zab-paclitaxel in patients
with advanced pancreatic cancer. A phase III study comparing
gemcitabine plus nab-paclitaxel with gemcitabine alone is
currently under investigation in the USA.

Treatment strategy for unresectable locally
advanced pancreatic cancer

Randomized controlled trials (RCTs) conducted by Moertel
et al. and the Gastrointestinal Tumor Study Group (GITSG)
have shown the survival benefit of chemoradiotherapy with
fluorouracil as compared to radiation alone in patients with
locally advanced pancreatic cancer (11,12). Chemoradiotherapy
with concurrent external-beam radiotherapy (EBRT)
and systemic fluorouracil chemotherapy has become a
standard treatment. Various intensive radiotherapy and/
or chemotherapy schedules have been investigated in
clinical trials in efforts to improve the efficacy and increase
the survival rates. According to the EBM-based clinical
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guidelines for pancreatic cancer published by the Japan
Pancreas Society, chemoradiotherapy is effective for
locally advanced disease and is recommended as one of the
treatment options (13).

On the other hand, since gemcitabine has been applied
to unresectable pancreatic cancer including locally advanced
disease, the efficacy of gemcitabine in respect of survival has
been reported to be comparable to that of chemoradiotherapy.
In the guidelines for pancreatic cancer published by the Japan
Pancreas Society, chemotherapy with gemecitabine alone is
also recommended as a treatment option for patients with
unresectable locally advanced pancreatic cancer (13). We first
conducted a phase II study of gemcitabine alone to examine
its efficacy and safety in patients with locally advanced disease
of the JCOG 0506 study (14). This study was conducted to be
foreseeing a phase III trial comparing gemcitabine monotherapy
with chemoradiotherapy, to establish the most promising
treatment for locally advanced pancreatic cancer. The primary
endpoint of this study was the 1-year survival rate. Fifty patients
were enrolled from January 2006 to February 2007, and the
results revealed a median OS of 15.0 months and 1-year
survival rate of 64.0% (Tuble 2) (14), which significantly
exceeded expectations. The toxicities were generally mild
and the drug was well-tolerated. Furthermore, a RCT
of gemcitabine vs. conventional chemoradiotherapy with
fluorouracil plus cisplatin failed to show any survival benefit
of chemoradiotherapy (Zable 2) (15). Based on these results,
gemcitabine monotherapy has come to be regarded as the
provisional standard therapy.

A clinical trial conducted in the USA comparing
gemcitabine plus radiotherapy vs. gemcitabine alone in
patients with locally advanced pancreatic cancer reported
that the OS was superior in the combined treatment group
as compared to the gemcitabine alone group (Zible 2) (16).
Furthermore, chemoradiotherapy using S-1 exhibited
promising efficacy in a phase II study conducted in Japan;
the median OS was 16.2 months (17). There is a possibility
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Figure 1 Study design of the JCOG 1106 study, which is a randomized phase II study comparing induction chemotherapy with gemcitabine

followed by S-1 chemoradiotherapy with S-1 chemoradiotherapy without prior induction chemotherapy (18). Gemcitabine, 1,000 mg/m’

d1, 8, 15, repeated every 4 weeks; S-1, 80 mg/m’/day on the day of irradiation

that new methods of chemoradiotherapy might improve
the survival, especially prolonged survival of more than
2 years. Thus, in order to develop more promising new
chemoradiotherapies, we conducted a randomized phase
IT study of two chemoradiotherapeutic methods; one
consisting of S-1 chemoradiotherapy and maintenance
therapy with gemcitabine, and the other consisting of
induction gemcitabine chemotherapy for 3 months followed
by S-1 chemoradiotherapy and maintenance therapy with
gemcitabine JCOG1106) (18).

The JCOG1106 study is a multi-institutional open-
label randomized phase II study to evaluate the efficacy of
induction chemotherapy of gemcitabine in combination with
S-1 chemoradiotherapy and select a candidate in phase III
study comparing with gemcitabine alone (Figure I) (18). The
primary endpoint is OS, and we shall select the treatment
method providing the better survival between the two for
use in a subsequent phase III study. The one-year survival
rate of the two treatments would be expected to be more
than 60% at least, because that of patients administered
gemcitabine monotherapy in the JCOG 0506 study was
64%. The sample size is 100 patients and this study is
currently under investigation.

Adjuvant therapy after surgery

Several RCTs have been conducted to assess the efficacy
of postoperative adjuvant chemotherapy. The ESPAC-01
study demonstrated the survival advantage of fluorouracil-
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based adjuvant chemotherapy (19). Adjuvant therapy with
gemcitabine produced significant prolongation of the disease-
free survival (DFS); in the CONKO-01 study, the median DFS
was 13.4 months in the gemcitabine group and 6.9 months in
the surgery alone group (P<0.001) (20). The survival advantage
of adjuvant gemcitabine therapy was also demonstrated by
the final results of this study (Zable 3) (24). Furthermore, the
ESPAC-03 study was conducted to examine the efficacy
and safety of gemcitabine as adjuvant chemotherapy as
compared to fluorouracil plus folinic acid. The study
revealed no difference in the survival between the two
treatments, and gemcitabine was found to be less toxic than
fluorouracil plus folinic acid (26). Thus, gemcitabine was
established as a postoperative adjuvant chemotherapy in
patients with resectable pancreatic cancer.

In Japan, although RCTs of fluorouracil plus mitomycin
C and fluorouracil plus cisplatin have been conducted,
neither of these regimens showed any survival benefit (22,23).
Subsequently, a RCT of the efficacy/toxicity of adjuvant
chemotherapy using gemcitabine was conducted (25).
Although the number of patients was smaller, the results
were similar to those of the CONKO-01 and ESPAC-03
studies (Table 3). Based on these results, gemcitabine
treatment also came to be recommended as postoperative
adjuvant chemotherapy in Japan (13). Two large RCTs of
adjuvant chemotherapy with gemcitabine are currently in
progress. One is a non-inferiority study comparing S-1
with gemcitabine (the JASPAC-01 study), and the other is
a superiority study comparing gemcitabine plus S-1 with
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Table 3 Postoperative adjuvant chemotherapy for pancreatic cancer

Median OS .
Arm N 5-year survival ~ P-value Author [year]
(months)
Observation 31 11 8%
. o : 0.02 Bakkevold KE et al. [1993] (21)
Doxorubicin/fluorouracil/mitomycin C 30 24 4%
Observation 77 13 18.0%
o ) NS Takada T et al. [2002] (22)
Fluorouracil/mitomycin C 81 13 11.5%
No chemoradiation 144 17.9 20% 0.05
Chemoradiation 145 15.9 10% '
Neoptolemos JP et al. [2004] (19)
No chemotherapy 142 15.5 8% 5T
Chemotherapy 147 20.1 21% ’
Observation 44 15.8 14.9%
o i 0.94 Kosuge T et al. [2006] (23)

Fluorouracil/cisplatin 45 12.5 26.4%
Observation 175 20.2 9%

L 0.005 Neuhaus P et al. [2008] (24)
Gemcitabine 179 22.8 21%
Observation 60 18.4 10.6%

o 0.19 Ueno H et al. [2009] (25)
Gemcitabine 58 22.3 23.9%
Fluorouracil/folinic acid 551 23.0 -

o 0.39 Neoptolemos JP et al. [2009] (26)
Gemcitabine 537 23.6 -

OS, overall survival; 5-year survival, 5-year survival rate

gemcitabine alone (the JSAP-04). Recently, the news of an
interim analysis that the JASPAC-01 study demonstrated the
non-inferiority of S-1 has been released.

Future direction

In pancreatic cancer, major advances have been made in relation
to the establishment of standard treatments in recent years.
However, the survival of patients with pancreatic cancer still
remains dismal. Although administration of many molecular-
targeted agents in combination with gemcitabine have been
investigated, none of the agents, except erlotinib, showed
efficacy. In order to develop more molecular-targeted agents, it
is important to find unique biomarkers or driver mutations for
carcinogenesis or progression of pancreatic cancer.

Various intensive regimens such as FOLFIRINOX
and gemcitabine plus nab-paclitaxel have been developed.
New molecular-targeted agents are also expected to be
introduced for pancreatic cancer. It would be important to
identify patients that would benefit from these regimens
based on clinical information about the patient and
biomarkers from the point of view of establishment of an
individualized treatment strategies.

In recent years, many clinical trials have investigated
new chemotherapy regimens for patients with metastatic
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pancreatic cancer as distinct from patients with locally
advanced disease, because of the differences in the
characteristics and prognosis of patients with metastatic and
locally advanced disease. A new chemotherapeutic regimen
can be accurately evaluated only in patients with metastatic
disease. On the other hand, in patients with locally advanced
disease, intensive chemotherapy or chemoradiotherapy may
be useful for down-staging the tumor and make the patient
suitable for surgical resection.

Although currently, surgery remains the only
potentially curative treatment for pancreatic cancer, most
patients develop recurrence. Survival benefit of adjuvant
chemotherapy was demonstrated, however, the prognosis of
patients with advanced disease stages such as stage II and III
is still poor. The efficacy of neoadjuvant therapy has been
examined for these patients (27-30). Various neoadjuvant
therapies have recently been investigated, and RCTs are
needed to confirm the efficacy and safety of neoadjuvant
therapy.

Since a large number of patients is required to confirm
the survival benefit in RCTs, it is difficult to conduct these
trials in a single country. Many clinical trials using new
agents are conducted as global studies or Asian studies
including Japan. Global cooperation in multinational trials
is essential to achieve the goal.
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