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Abstract

Purpose The primary objective of this study was to assess
the efficacy and safety of S-1 in patients with gemcitabine-
resistant advanced pancreatic cancer.

Methods Patients with histologically or cytologically
proven, advanced pancreatic cancer who had received first-
line chemotherapy with gemcitabine were eligible for this
study. S-1 was administered orally at a dose of 40 mg/m?>
twice daily for 28 days, followed by 14 days’ rest. Treat-
ment was repeated every 6 weeks until disease progression.
Results Twenty-one patients were enrolled in this study.
Grade 3 and 4 toxicities included anorexia in 14% of the
patients, abdominal pain in 4.8% and infection without
neutropenia in 4.8%. S-1 was discontinued in two patients
because of toxicity. Of the 21 eligible patients, 2 (9.5%)
achieved a partial response and 9 (43%) had stable disease.
A marked decrease (>50%) in tumor marker (CA19-9) was
observed in 5 (28%) of the 18 evaluable patients. The
median progression-free survival and the median survival

This study was performed according to the guidelines of the
Declaration of Helsinki as amended in Edinburgh, Scotland, in
October 2000. The protocol was approved by the Institutional Review
Board of Chiba University Graduate School of Medicine. All study
participants provided written informed consent. This manuscript has
not been published and is not under consideration for publication
elsewhere.
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time from the first day of S-1 therapy were 4.1 months
(95% CI, 1.3-6.9 months) and 6.3 months (95% CI,
3.6-8.9 months), respectively.

Conclusions Second-line chemotherapy with S-1 was
tolerated with acceptable toxicity and resulted in a rela-
tively high disease control rate in patients with gemcita-
bine-resistant advanced pancreatic cancer. As an oral
agent, S-1 may be a feasible treatment option for this
patient population.

Keywords Pancreatic cancer - S-1 - Second-line therapy -
Phase II study

Introduction

Pancreatic cancer is one of the most prevalent gastroin-
testinal tumors and its prognosis is extremely poor. A pre-
vious randomized trial of gemcitabine in patients with
advanced pancreatic cancer has shown this drug is superior
to S-fluorouracil (5-FU) in terms of overall survival and
clinical benefit [1], and treatment with gemcitabine alone
has been accepted as the only approved therapy for unre-
sectable pancreatic cancer. In an effort to improve thera-
peutic efficacy, various studies have investigated
gemcitabine-based combination regimens. However, most
of those studies have found a low impact on survival, and
gemcitabine monotherapy is still considered as the standard
treatment for this disease.

There is no accepted second-line treatment for advanced
pancreatic cancer after gemcitabine failure. Although sev- -
eral studies have shown the efficacy and safety of second-
line chemotherapy in a selected patient population [2],
second-line strategies are often hard to implement due to
the poor condition and prognosis of the patients. Thus,
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there is an urgent need to develop effective therapies for
tumors refractory to treatment with gemcitabine.

S-1 is an oral fluorinated pyrimidine, which was
designed to improve the antitumor activity of 5-FU while
reducing gastrointestinal toxicity, based on a hypothetical
biochemical modulation of 5-FU. S-1 contains tegafur,
5-chloro-2, 4-dihydroxypyridine (gimeracil) and potassium
oxonate (oteracil) in a molar ratio of 1:0.4:1 [3]. Tegafur, a
prodrug of 5-FU, is gradually converted to 5-FU by hepatic
microsomal enzymes. Gimeracil inhibits the degradation of
5-FU by inhibiting dihydropyrimidine dehydrogenase
(DPD) and it is 180 times more potent than uracil, a DPD
inhibitor included in UFT; thus, an efficacious concentra-
tion of 5-FU is maintained both in plasma and tumor tis-
sues [4]. Oteracil is a competitive inhibitor of orotate
phosphoribosyltransferase that inhibits phosphorylation of
5-FU in the gastrointestinal tract. Because oteracil prefer-
entially acts in the gastrointestinal tract after oral admin-
istration, it reduces the gastrointestinal toxicity associated
with 5-FU [5].

S-1 has shown favorable antitumor activity in several
phase II studies in patients with various solid tumors [6-9],
and a recent phase II study of S-1 in patients with meta-
static pancreatic cancer yielded a good response rate of
37.5% and median survival of 9.2 months [10]. Further-
more, recent studies of combination chemotherapy with
S-1 and gemcitabine for metastatic pancreatic cancer
yielded a promising response rate of 44-48% and a median
survival time of 10.1-12.5 months [11, 12]. Based on
currently available data, S-1 seems to have significant
activity against advanced pancreatic cancer; thus, we
selected S-1 to treat patients with gemcitabine-resistant
pancreatic cancer.

Patients and methods
Eligibility

Patients with histologically or cytologically proven,
advanced adenocarcinoma of the pancreas who had
received first-line chemotherapy with gemcitabine were
eligible for this study. Participants were required to be at
least 20 years old and to have an Eastern Cooperative
Oncology Group performance status of 2 or less and ade-
quate organ function defined by the following parameters:
leukocytes Z3,500/mm3, platelets leO,OOO/mm3, hemo-
globin >9.0 g/dL,, normal serum creatinine, a serum glu-
tamic oxaloacetic transaminase (GOT) <150 IU/L, a serum
glutamic pyruvic transaminase (GPT) <150 IU/L and
serum bilirubin <2.0 mg/dL.

Patients were excluded if they had interstitial pneumo-
nitis, active inflammatory bowel disease, active infection,
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mental disorder, or other severe concurrent disease.
Patients with other malignancies and pregnant or lactating
women were also excluded.

This study was performed according to the guidelines of
the Declaration of Helsinki as amended in Edinburgh,
Scotland, in October 2000. The protocol was approved by
the Institutional Review Board of Chiba University
Graduate School of Medicine. Written informed consent
was obtained from all patients before their inclusion into
the study.

Treatment

S-1 (Taiho Pharmaceutical Co., Tokyo, Japan) was
administered orally at a dose of 40 mg/m? twice daily after
a meal for 28 consecutive days, and the course was repe-
ated after 14 days’ rest, until disease progression or unac-
ceptable toxicities. Three initial doses were established
according to the body surface area (BAS) as follows:
BSA < 1.25 m?, 80 mg/day; 1.25 m* < BSA < 1.50 m?,
100 mg/day; 1.50 m? < BSA, 120 mg/day.

Dose modification

S-1 was temporally discontinued when any of the following
conditions were encountered: leukocytes <2,000/mm3,
neutrophils <1,000/mm3 , hemoglobin <8.0 g/dL, platelets
<75,000/mm3, serum GOT/GPT > 150 IU/L, serum total
bilirubin >3.0 mg/dL, serum creatinine >1.5 mg/dL, or
when grade 3 non-hematological toxicity was observed.
Administration was resumed when the toxicity resolved.
When grade 4 hematological toxicity or grade 3 or greater
non-hematological toxicity occurred, the dose of S-1 was
reduced by 20 mg/day. If it was difficult to administer S-1
for 28 consecutive days because of tumor-related symp-
toms or non-severe toxicity, which did not meet the dose
reduction criteria (e.g. grade 2 anorexia or nausea), a reg-
imen consisting of S-1 administration for 14 consecutive
days followed by 7 days’ rest (2-week administration
regimen) was permitted, since this regimen was recently
reported to be more feasible and did not require a change in
dose intensity, when compared to the standard 4-week
administration regimen (28 consecutive days followed by
14 days’ rest) [13].

Follow-up evaluation

Pretreatment evaluation included a medical history and
physical examination, complete blood count and bio-
chemistry test, a chest radiogram, and CT of the abdomen
and pelvis. Complete blood counts and serum biochemistry
tests were performed weekly during the first course of S-1
and every other week after the second course. Biochemistry
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tests included standard serum tests such as total protein,
albumin, bilirubin, GOT, GPT, lactate dehydrogenase,
alkaline phosphatase, blood urea nitrogen, creatinine, and
C-reactive protein. Treatment-related toxicities were eval-
uated according to the National Cancer Institute Common
Toxicity Criteria, version 2.0. Follow-up CT was per-
formed every 2 months to assess objective tumor response
according to the Response Evaluation Criteria in Solid
Tumors. Serum CA 19-9 levels were measured monthly
using a commercially available chemiluminescent enzyme
immunoassay kit based on the two-step sandwich method
(CL-EIA). A value of 39.5 U/mL was defined as the upper
normal limit.

Statistics

The primary end-point was the objective response rate
(complete response or partial response), with secondary
end-points including overall and progression-free survival,
disease control rate (complete response, partial response or
stable disease), and safety of S-1. The number of patients
required for this study was calculated according to the
optimal two-stage design. The threshold response rate and
expected response rate were 5% and 20%, respectively.
The number of patients was 19 (a- and f-error probabilities
0.05 and 0.2). Both survival and tumor response were
determined according to the intention-to-treat principle in
all enrolled patients. Overall survival and progression-free
survival were calculated with the Kaplan—-Meier method.

Results
Patient characteristics

From March 2005 to July 2006, 21 patients entered this
study. The patients’ characteristics are listed in Table 1.
All patients had been treated with gemcitabine alone. The
median progression-free survival with first-line gemcita-
bine was 3.2 months. At the time of enrollment, most
patients (95%) had evidence of metastatic disease and one
patient had locally advanced unresectable disease. Seventy-
one percent of the patients had an ECOG performance
status of 0 or 1.

A total of 66 cycles were delivered (median, 3; range,
0-13). Based on the dose modification guidelines, the 2-week
administration regimen was adopted in ten patients (48%).

Toxicity
All treated patients (n = 21) were assessed for toxicities.

The toxicities observed during treatment are listed in
Table 2. Generally, hematological toxicity was mild, and
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Table 1 Patient characteristics
Number of patients 21
Gender
Men 13
Women 8
Age, years
Median (range) 64 (32-75)
ECOG performance status
0 4
1 11
2 6
Disease status
Locally advanced 1
Metastatic 20
ECOG Eastern cooperative oncology group
Table 2 Toxicity (n = 21)
Toxicity No. of patients (%)
Grade 1/2 Grade 3  Grade 4
Hematological toxicity
Leukocytopenia 6 (29) 0 0
Neutropenia 4 (19) 0 0
Anemia 4 (19) 0 0
Thrombocytopenia 7 (33) 0 0
Non-hematological toxicity
Anorexia 4 (19) 3 (14) 0
Nausea 5 (24) 0 -
Vomiting 2 (9.5) 0 0
Diarrhea 3 (14) 0 0
Stomatitis 2 (9.5) 0 0
Elevation of GOT/GPT" 5 (24) 0 0
Elevation of creatinine 1 (4.8) 0 0
Hyperbilirubinemia 1 (4.8)
Abdominal pain 2 (9.9 1 (4.8) 0
Infection without neutropenia 2 (9.5) 1 (4.8) 0

GOT glutamic oxaloacetic transaminase, GPT glutamic pyruvic
transaminase

no grade 3 or higher toxicity was observed. As for non-
hematological toxicity, grade 3 anorexia (14%), grade 3
abdominal pain (4.8%), and grade 3 infection (4.8%) was
experienced. One patient developed duodenal bleeding
54 days after the beginning of S-1 treatment requiring
embolization under angiography. This was considered to be
tumor bleeding unrelated to the medication. Second-line
chemotherapy with S-1 was feasible with acceptable tox-
icity and no treatment-related deaths occurred.
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Response and survival

Partial response was achieved in 2 patients, and the disease
remained stable in 9, with a response rate of 9.5% (95% CI,
0-22%) and a disease control rate of 52%. Eighteen
patients had elevated serum levels of CA 19-9 (median/
range, 1998/42-49420 U/mL) without jaundice before
treatment. The CA 19-9 level after treatment decreased
more than 50% in 5 (28%) of those 18 patients and showed
a normal value in 2 (11%).

The median progression-free survival and the median
survival time from the first day of S-1 therapy were
4.1 months (95% CI, 1.3-6.9 months) and 6.3 months
(95% CI, 3.6-8.9 months), respectively (Fig. 1).

Discussion

There is no accepted second-line treatment for patients
with advanced pancreatic cancer who do not respond to
treatment with gemcitabine. This study evaluated the use of
S-1, a novel oral fluoropyrimidine preparation. As first-line
treatment for metastatic pancreatic cancer, S-1 has shown
favorable efficacy in clinical trials, but the efficacy and
safety of S-1 as a second-line therapy has not been fully
evaluated as yet.

In the current study, S-1 showed a modest activity
against gemcitabine-resistant pancreatic cancer, yielding a
response rate of 9.5%. Although it is difficult to compare
our results with those of other studies (Table 3) because of
differences in patients’ backgrounds, the response rate
compares with that (15%) obtained in a previous phase II
study of S-1 for gemcitabine-refractory metastatic pancre-
atic cancer reported by Morizane et al. [14]; and it was
equivalent to that of other second-line regimens such as
rubitecan (7%) [15], irinotecan (9%) [16], SFU 4+ cele-
coxib (12%) [17] or SFU + paclitaxel (10%) [18]. On the
other hand, the disease control rate (52%) of S-1 in the

current study was relatively high and comparable to that
observed in other active combination regimens for gem-
citabine-resistant pancreatic cancer, such as gemcita-
bine + oxaliplatin (PR 22.6%, SD 38.7%) [19],
5FU + leucovorin + oxaliplatin (PR 23.3%, SD 30%)
[20] or irinotecan + raltitrexed (PR 16%, SD 37%) [21].
The median survival time (6.3 months) in this study was
also comparable to that (6-6.5 months) reported with other
active combination regimens [19-21].

Most patients in the current study had some symptoms
related to disease progression or prior chemotherapy at
the study entry. It was often difficult to administer S-1
for 28 consecutive days because of tumor-related
symptoms or toxicity. To improve therapeutic compli-
ance, the 2-week administration regimen was adopted in
ten patients (48%) based on the guidelines for dose
modification, since this regimen was recently reported to
be more feasible without changing dose intensity com-
pared to the standard treatment schedule [13]. Hemato-
logical toxicity of S-1 was mild, and the occurrence of
grade 3 or higher hematological toxicity seemed to be
lower when compared to other combination regimens.
The most common grade 3 non-hematological toxicity of
second-line S-1 was anorexia (14%). In the current
study, second-line chemotherapy with S-1 was feasible
with acceptable toxicity in patients with gemcitabine-
resistant advanced pancreatic cancer.

Although the response rate (9.5%) to S-1 in the current
study was modest, we consider that the relatively high
disease control rate, favorable survival data and toxicity
profile may support the use of S-1 as second-line treatment.
Furthermore, S-1 has the clinical advantage of being orally
administered when compared with infusion regimens. Oral
administration of S-1 reduces hospital visits for outpatients
and has advantages in terms of quality of life. Considering
the extremely poor prognosis of patients with gemcitabine-
resistant pancreatic cancer, treatment should be more
concerned with their quality of life.

Fig. 1 Overall survival time A B
curve (a) and progression-free Survival rate Survival rate
survival (b) from the first day of 1
S-1 therapy
8 8
6 -6 1
4 41
2 4 2
0 25 5 75 10 125 15 175 20 0 2 4 6 8 10 12
Months
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Table 3 Clinical trials in patients with gemcitabine-pretreated advanced pancreatic cancer
Treatment Number Response Disease Progression-free Median

of patients rate (%) control rate (%) survival overall survival
Oxaliplatin 18 0 16.7 2 months N/A
Capecitabine 39 0 39 2.3 months 7.6 months
Rubitecan 58 7 23 59 days 92 days
Irinotecan 33 9 48 2 months 6.6 months
S-1 40 15 58 2 months 4.5 months
Oxaliplatin + SFU + leucovorin 30 233 533 22 weeks 25 weeks
Xelox (oxaliplatin + capecitabine) 41 2.6 28 9.9 weeks 23 weeks
FDR-GEM + oxaliplatin 33 22.6 61 4.2 months 6 months
SFU + celecoxib 17 12 24 8 weeks 15 weeks
S5FU + paclitaxel 28 10 30 2.5 months 7.6 months
Docetaxel + gefitinib 41 24 49 1.8 months 4.5 months
Irinotecan + raltitrexed 19 16 53 4 months 6.5 months

FDR fixed dose rate, N/A not available

In conclusion, this study has shown that second-line
chemotherapy with S-1 is tolerated with acceptable toxic-
ity, and yields a relatively high disease control rate in
patients with gemcitabine-resistant pancreatic cancer. As
an oral agent, S-1 is a feasible treatment option considering
QOL. Our data warrant further studies regarding second-
line treatment using S-1 after gemcitabine failure.

Conflicts of interest statement No financial support for this study
was provided. The authors report no conflicts of interest.

References

1. Burris HA III, Moore MJ, Andersen J, Green MR, Rothenberg
ML, Modiano MR, Cripps MC, Portenoy RK, Storniolo AM,
Tarassoff P, Nelson R, Dorr FA, Stephens CD, Von Hoff DD
(1997) Improvements in survival and clinical benefit with gem-
citabine as first-line therapy for patients with advanced pancreas
cancer: a randomized trial. J Clin Oncol 15:2403-2413

2. Pelzer U, Kubica K, Stieler J, Schwaner I, Heil G, Gorner M,
Molle M, Hilbig A, Dorken B, Riess H, Oettle H (2008) A ran-
domized trial in patients with gemcitabine refractory pancreatic
cancer. Final results of the CONKO 003 study. J Clin Oncol
26(Suppl):abstr 4508

3. Shirasaka T, Shimamato Y, Ohshimo H, Yamaguchi M, Kato T,
Yonekura K, Fukushima M (1996) Development of a novel form
of an oral 5-fluorouracil derivative (S-1) directed to the potenti-
ation of the tumor selective cytotoxicity of 5-fluorouracil by two
biochemical modulators. Anticancer Drugs 7:548-557

4. Tatsumi K, Fukushima M, Shirasaka T, Fujii S (1987) Inhibitory
effects of pyrimidine, barbituric acid and pyridine derivatives on
5-fluorouracil degradation in rat liver extracts. Jpn J Cancer Res
78:748-755

5. Shirasaka T, Shimamoto Y, Fukushima M (1993) Inhibition by
oxonic acid of gastrointestinal toxicity of 5-fluorouracil without
loss of its antitumor activity in rats. Cancer Res 53:4004-4009

6. Sakata Y, Ohtsu A, Horikoshi N, Sugimachi K, Mitachi Y,
Taguchi T (1998) Late phase II study of novel oral

10.

11.

12.

13.

fluoropyrimidine anticancer drug S-1 (I M tegafur-0.4 M gime-
stat-1 M otastat potassium) in advanced gastric cancer patients.
Eur J Cancer 34:1715-1720

. Shirao K, Ohtsu A, Takada H, Mitachi Y, Hirakawa K, Horikoshi

N, Okamura T, Hirata K, Saitoh S, Isomoto H, Satoh A (2004)
Phase II study of oral S-1 for treatment of metastatic colorectal
carcinoma. Cancer 100:2355-2361

. Kawahara M, Furuse K, Segawa Y, Yoshimori K, Matsui K,

Kudoh S, Hasegawa K, Niitani H, S-1 Cooperative Study Group
(Lung Cancer Working Group) (2001) Phase II study of S-1, a
novel oral fluorouracil, in advanced non-small-cell lung cancer.
Br J Cancer 85:939-943

. Furuse J, Okusaka T, Boku N, Ohkawa S, Sawaki A, Masumoto

T, Funakoshi A (2008) S-1 monotherapy as first-line treatment in
patients with advanced biliary tract cancer: a multicenter phase II
study. Cancer Chemother Pharmacol 62:849-855

Okusaka T, Funakoshi A, Furuse J, Boku N, Yamao K, Ohkawa
S, Saito H (2008) A late phase II study of S-1 for metastatic
pancreatic cancer. Cancer Chemother Pharmacol 61:615-621
Nakamura K, Yamaguchi T, Ishihara T, Sudo K, Kato H, Saisho
H (2006) Phase II trial of oral S-1 combined with gemcitabine in
metastatic pancreatic cancer. Br J Cancer 94:1575-1579

Ueno H, Furuse J, Yamao K, Funakoshi A, Boku N, Ohkawa S,
Makimoto A, Sato T, Okusaka T (2007) A multicenter phase II
study of gemcitabine and S-1 combination therapy (GS therapy)
in patients with metastatic pancreatic cancer. J Clin Oncol
25(Suppl):18s Abstract 4550

Tsukuda M, Kida A, Fujii M, Kono N, Yoshihara T, Hasegawa Y,
Sugita M (2005) Chemotherapy study group of head and neck
Cancer Randomized scheduling feasibility study of S-1 for
adjuvant chemotherapy in advanced head and neck cancer. Br J
Cancer 93:884-889

. Morizane C, Okusaka T, Furuse J, Ishii H, Ueno H, Ikeda M,

Nakachi K, Najima M, Ogura T, Suzuki E (2008) A phase II
study of S-1 in gemcitabine-refractory metastatic pancreatic
cancer. Cancer Chemother Pharmacol 63:313-319

. Burris HA III, Rivkin S, Reynolds R, Harris J, Wax A, Gerstein

H, Mettinger KL, Staddon A (2005) Phase II trial of oral rubi-
tecan in previously treated pancreatic cancer patients. Oncologist
10:183-190

. YiSY, Park YS, Kim HS, Jun HJ, Kim KH, Chang MH, Park MJ,

Uhm JE, Lee J, Park SH, Park JO, Lee JK, Lee KT, Lim HY,
Kang WK (2009) Irinotecan monotherapy as second-line

@ Springer



254

Cancer Chemother Pharmacol (2011) 67:249-254

17.

18.

treatment in advanced pancreatic cancer. Cancer Chemother
Pharmacol 63:1141-1145

Milella M, Gelibter A, Di Cosimo S, Bria E, Ruggeri EM, Carlini
P, Malaguti P, Pellicciotta M, Terzoli E, Cognetti F (2004) Pilot
study of celecoxib and infusional 5-fluorouracil as second-line
treatment for advanced pancreatic carcinoma. Cancer 101:133-
138

Kim YJ, Bang S, Park JY, Park SW, Chung JB, Song SY (2009)
Phase II study of 5-fluorouracil and paclitaxel in patients with
gemcitabine-refractory pancreatic cancer. Cancer Chemother
Pharmacol 63:529-533

. Demols A, Peeters M, Polus M, Marechal R, Gay F, Monsaert E,

Hendlisz A, Van Laethem JL (2006) Gemcitabine and oxaliplatin

@ Springer

20.

21.

(GEMOX) in gemcitabine refractory advanced pancreatic ade-
nocarcinoma: a phase II study. Br J Cancer 94:481-485
Tsavaris N, Kosmas C, Skopelitis H, Gouveris P, Kopterides P,
Loukeris D, Sigala F, Zorbala-Sypsa A, Felekouras E,
Papalambros E (2005) Second-line treatment with oxaliplatin,
leucovorin and 5-fluorouracil in gemcitabine-pretreated advanced
pancreatic cancer: A phase II study. Invest New Drugs
23:369-375

Ulrich-Pur H, Raderer M, Verena Kornek G, Schiill B, Schmid K,
Haider K, Kwasny W, Depisch D, Schneeweiss B, Lang F,
Scheithauer W (2003) Irinotecan plus raltitrexed vs. raltitrexed
alone in patients with gemcitabine-pretreated advanced pancre-
atic adenocarcinoma. Br J Cancer 88:1180-1184



Int. J. Radiation Oncology Biol. Phys., Vol. 80, No. 1, pp. 119-125, 2011
Copyright © 2011 Elsevier Inc.

Printed in the USA. All rights reserved

0360-3016/$—see front matter

doi:10.1016/j.ijrobp.2010.01.027

CLINICAL INVESTIGATION Pancreas

PHASE II STUDY OF ORAL S-1 AND CONCURRENT RADIOTHERAPY IN PATIENTS
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Purpose: S-1 is an oral fluoropyrimidine derivative that has demonstrated favorable antitumor activity in patients
with metastatic pancreatic cancer. The aim of this study was to evaluate safety and efficacy of S-1 and concurrent
radiotherapy in patients with unresectable locally advanced pancreatic cancer.

Methods and Materials: Patients with histopathologically proven, unresectable, locally advanced pancreatic can-
cer were eligible. Radiotherapy was delivered in 1.8 Gy daily fractions to a total dose of 50.4 Gy over 5.5 weeks. S-1
was administered orally twice a day at a dose of 80 mg/m*/day from day 1 to 14 and 22 to 35. Two weeks after the
completion of chemoradiotherapy, maintenance chemotherapy with S-1 was administered for 28 days every 6
weeks until progression.

Results: Thirty-four patients were enrolled in this study. The most common Grade 3 toxicities during chemoradio-
therapy were anorexia (24%) and nausea (12%). The overall response rate was 41% (95% confidence interval,
25%-58%) and overall disease control rate (partial response plus stable disease) was 97%. More than 50% de-
crease in serum CA 19-9 was seen in 27 of 29 evaluable patients (93%). The median progression-free survival
was 8.7 months. The median overall survival and 1-year survival rate were 16.8 months and 70.6 %, respectively.
Conclusions: Oral S-1 and concurrent radiotherapy exerted a promising antitumeor activity with acceptable tox-
icity in patients with locally advanced pancreatic cancer. This combination therapy seems to be an attractive al-
ternative to conventional chemoradiotherapy using 5-fluorouracil infusion. © 2011 Elsevier Inc.

Pancreatic cancer, S-1, Radiotherapy, Phase II study.

INTRODUCTION S-1 is a novel oral fluoropyrimidine preparation that was
designed to improve the antitumor activity of 5-FU while re-
ducing gastrointestinal toxicity. In S-1, tegafur is combined
with 5-chloro-2, 4-dihydroxypyridine (gimeracil) and potas-

sium oxonate (oteracil) in a 1:0.4:1 molar concentration ratio

Radiotherapy combined with 5-fluorouracil (5-FU) has been
the mainstay in the treatment of locally advanced, unresect-
able pancreatic cancer on the basis of previous randomized

trials (1-3). However, prognosis remains poor, with
a reported median survival time of only approximately 10
months. Distant metastases were the main cause of
treatment failure after chemoradiotherapy with 5-FU (4). Al-
though the potent radiosensitizing property of 5-FU is the ra-
tionale for chemoradiotherapy using 5-FU, this therapy is
unlikely to be effective against systemic metastases of pan-
creatic cancer. A more effective systemic treatment might
be essential to control distant metastases and subsequently
prolong patient survival.

(5). Generally, when administered intravenously, more than
85% of 5-FU is rapidly catabolized by dihydropyrimidine de-
hydrogenase (DPD) (6). Gimeracil is a competitive inhibitor
of DPD and 180 times more potent than uracil, which is the
DPD inhibitor included in UFT; thus, an effective concentra-
tion of 5-FU is maintained both in plasma and tumor tissues
(7). Oteracil inhibits the phosphorylation of 5-FU in the gut
and thereby reduces the gastrointestinal toxicity of 5-FU (8).

Recently, S-1 has shown favorable antitumor activity in
several Phase II studies for various solid tumors including
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pancreatic cancer. In a recent Phase II study of S-1 for meta-
static pancreatic cancer, S-1 demonstrated promising antitu-
mor activity with a response rate of 37.5% and median
survival time of 9.2 months (9). Furthermore combination
chemotherapy with S-1 and gemcitabine has shown excellent
efficacy with a response rate of 44%—-48% and a median sur-
vival of 10.1-12.5 months in patients with metastatic pancre-
atic cancer (10, 11). S-1 is regarded as a promising agent for
the management of unresectable advanced pancreatic cancer
(12), and a randomized Phase III study is ongoing to evaluate
the efficacy of S-1 versus gemcitabine vs. S-1 plus gemcita-
bine.

Although no randomized trials have been performed, the an-
titumor activity of S-1 for metastatic pancreatic cancer seems

to be better than that of 5-FU infusion, which has been used

to treat locally advanced pancreatic cancer. Oral S-1 also has
a great clinical advantage because the risks of complications
associated with intravenous administration are avoided. More-
over, a recent preclinical study has shown that gimeracil, the
DPD inhibitor included in S-1, is a potent radiosensitizer
(13). Preclinical studies showed that S-1 and fractionated ra-
diotherapy was more effective than either agent alone (14).

We considered oral S-1 to be an attractive alternative to
5-FU infusion in the treatment of locally advanced pancreatic
cancer and performed a Phase I study (15). In that study, we
suggested that the daily dose of S-1 recommended for sys-
temic chemotherapy could be combined with the conven-
tional dose radiotherapy with acceptable toxicity. This
combination therapy was well tolerated and showed out-
standing antitumor effect. Thus, we planned a Phase II study
to further evaluate the safety and efficacy of S-1 combined
with radiotherapy in patients with unresectable locally
advanced pancreatic cancer.

METHODS AND MATERIALS

Eligibility

Patients with histopathologically proven, unresectable, locally
advanced adenocarcinoma of the pancreas were eligible for this
study. Computed tomography (CT) criteria for unresectability was
defined as invasion of the superior mesenteric artery or celiac axis
or the bilateral stenosis of the portal vein. Patients with distant me-
tastases were excluded. Eligible patients were at least 20 years old
with an Eastern Cooperative Oncology Group performance status
of =2 and had adequate organ function (leukocytes =4000/mm°,
platelets =100,000/mm>, hemoglobin =9.5 g/dL, normal serum
creatinine and blood urea nitrogen, a serum glutamic oxaloacetic
transaminase (GOT) =2.5 times the upper normal limit (UNL), a se-
rum glutamic pyruvic transaminase (GPT) = 2.5 times the UNL and
serum bilirubin = 2.0 mg/dL.) Patients with jaundice caused by bil-
iary obstruction were required to have a total bilirubin concentration
of 3.0 mg/dL or less after biliary drainage.

Patients were excluded if they had received systemic therapy or
radiotherapy, had a concomitant malignancy, active inflammatory
bowel disease, active gastric/duodenal ulcer, active infection, severe
heart disease, mental disorder, or other severe concurrent disease.
Pregnant or lactating women were also excluded.

This prospective Phase II study was performed according to the
guidelines of the Declaration of Helsinki as amended in Edinburgh,
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Scotland, in October 2000, and the protocol was approved by the In-
stitutional Review Board of Chiba Cancer Center and Chiba Univer-
sity Graduate School of Medicine. All patients gave their written
informed consent before entry into this study. ’

Treatment

Radiotherapy was initiated on Day 1 of the study using 10-MV
photons. A fractional daily dose of 1.8 Gy (5 days/week) at the iso-
center, up to a total dose of 50.4 Gy, was prescribed. Treatment plan-
ning was performed using a CT simulator for all patients. CT images
were acquired using a 3-mm-slice thickness with free breathing. The
dose distribution and dose-Ovolume histogram were calculated with
a three-dimensional (3D) treatment planning system. The gross tu-
mor volume was taken to be the primary tumor and metastatic lymph
nodes identifiable on CT scan. The clinical target volume was de-
fined as the gross tumor volume plus a 0.5-cm margin and the plan-
ning target volume was defined as the clinical target volume plus
1-1.5 cm for daily patient setup variation. No prophylactic nodal ir-
radiation was performed. The clinical target volume was encom-
passed within the 95% isodose line. To avoid renal toxicity, we
allowed a maximum of 50% of both kidneys to be exposed to 20
Gy. The dose to the liver was limited to 50% of the volume receiving
<30 Gy. Radiation to the spinal cord was limited to 40 Gy.

S-1 (Taiho Pharmaceutical, Tokyo, Japan) was administered
orally twice a day at a dose of 80mg/m2/day from Day 1-14 and
22-35 in concurrent with radiotherapy. Three initial doses were es-
tablished according to the body surface area (BSA) as follows: BSA
<1.25 m?, 80 mg/day; 1.25 m* = BSA < 1.50 m?, 100 mg/day; and
1.50 m* = BSA, 120 mg/day. Two weeks after the completion of
chemoradiotherapy, maintenance chemotherapy with S-1 was ad-
ministered for 28 days every 6 weeks until progression.

Dose modification

S-1 was temporally discontinued until recovery when any of the
following conditions were encountered: leukocytes <2,000/mm?>,
neutrophils  <1,000/mm>, hemoglobin <8.0 g/dL, platelets
<75,000/mm?, serum GOT/GPT =150 IU/L, serum total bilirubin
=3.0 mg/dL, serum creatinine =1.5 mg/dL, or when Grade 3 non-
hematologic toxicity was observed. The dose of S-1 was reduced by
20 mg/day if Grade 4 hematologic toxicity or Grade 3 nonhemato-
logic toxicity occurred. Radiation therapy was withheld when Grade
4 hematologic or Grade 3 nonhematologic toxicity occurred, until
resolution of the toxicities.

Pretreatment and follow-up evaluation

The pretreatment evaluation included a medical history and phys-
ical examination, complete blood cell counts, routine chemistry
tests, electrocardiogram, chest X-ray, ultrasonography, and CT of
the abdomen and chest with intravenous contrast.

Physical examination, complete blood cell counts and serum bio-
chemistry tests were performed at least weekly during chemoradio-
therapy. Upper gastrointestinal endoscopy was performed before
study entry and within 2 weeks after completing treatment to eval-
uate acute gastrointestinal toxicities. Adverse events were evaluated
according to the National Cancer Institute Common Toxicity Crite-
ria, version 3.0. Follow-up CT was performed at the completion of
radiotherapy, and then repeated every 2 months. Tumor response
was assessed according to the Response Evaluation Criteria in Solid
Tumors by three independent radiologists. The best overall response
was recorded for each patient. The overall response rate was defined
as the percentage of patients achieving either complete response
(CR) or partial response (PR). Disease control rate was defined as
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the proportion of patients who achieved CR, PR, or stable disease
(SD) as the best overall response. Serum CA 19-9 levels were eval-
uated monthly using a commercially available chemiluminescent
enzyme immunoassay kit based on the two-step sandwich method
(CL-EIA). A value of 39.5 U/mL was defined as the upper normal
limit. Progression-free survival and overall survival were calculated
from the first day of treatment.

Statistical analysis

The primary objective of this study was to evaluate the response
rate of S-1 concurrent with radiotherapy in patients with locally ad-
vanced pancreatic cancer. The secondary objectives were to evalu-
ate toxicity, progression-free survival, and overall survival.

The number of patients required for the study was calculated accord-
ing to the optimal two-stage design. The threshold response rate and
expected response rate were 10% and 30%, respectively. The sample
size was 29 patients with a type I error of 5% and a test power of 80%.

An intent-to-treat analysis was performed for all included pa-
tients. Time-related parameters were analyzed using Kaplan—-Meier
method.

RESULTS

Patient characteristics

Thirty-four patients from two institutions were enrolled in
this study between September 2004 and July 2008 (Fig. 1).
The characteristics of the eligible patients are summarized
in Table 1. Eighteen of the patients were men and 16 were
women, with a median age of 63 years. Most patients (82%)
had an Eastern Cooperative Oncology Group performance
status of 0 or 1. The most common tumor site was the pancre-
atic head (59%), with a median tumor size of 3.9 cm.

Twenty-nine patients (85%) completed the planned che-
moradiotherapy without a dose reduction of S-1 or radiation.
Four patients required a dose reduction of S-1 because of ad-
verse events: Grade 4 neutropenia in one patient, nausea, and
anorexia in one patient, skin rash in one, and urinary tract in-
fection in one patient. The remaining patient discontinued the
protocol treatment because of withdrawal of consent.

Thirty-three patients (97%) received maintenance chemo-
therapy with S-1 after chemoradiotherapy, for a total of 173
cycles (median, 4; range, 0—16). When tumor progressed,
most patients (28/31, 90%) received a second-line treatment
with gemcitabine.

Toxicity

All treated patients (n = 34) were assessed for toxicities.
Toxicity during chemoradiotherapy is listed in Table 2. He-
matologic toxicity was relatively mild, and the most common
Grade 3 toxicity was anorexia (24%). Other Grade 3 or 4 non-
hematologic toxicities included nausea (12%), skin rash
(3%), and urinary tract infection (3%). There was no life-
threatening toxicity, and no treatment-related deaths oc-
curred. We performed upper gastrointestinal endoscopy after
the combination therapy in 29 patients: 6 had gastric or duo-
denal ulcers and 17 had gastritis or duodenitis. Most of these
patients had few symptoms except for anorexia and recov-
ered with medical treatment. No Grade 3 or 4 gastrointestinal
ulcers were observed.

Grade 3 or 4 toxicity during maintenance chemotherapy is
summarized in Table 3. The most common Grade 3 or 4 tox-
icity was anemia. Grade 3 nonhematologic toxicities were
observed in five patients: hemorrhagic gastritis in three, acute
cholecystitis in one, and liver abscess in one. Although one of
the three patients who experienced hemorrhagic gastritis re-
covered with conservative treatment, the remaining two pa-
tients required endoscopic hemostasis. The patient who
experienced acute cholecystitis 12 months after radiotherapy
required surgical treatment and 2 months’ hospitalization.
The patient who developed a liver abscess 12 months after
chemoradiotherapy recovered with conservative treatment.

Response and survival

All treated patients (n = 34) were evaluable for tumor re-
sponse. At the initial evaluation immediately after chemora-
diotherapy, partial response was seen in four patients (12%).
Stable disease was seen in 29 patients, and progressive dis-
ease in only one patient (3%). Subsequently, 10 additional
patients with stable disease at the initial evaluation achieved
partial response during maintenance chemotherapy. Thus, 14
(41%) of the 34 patients (95% confidence interval [CI], 25%~—
58%) showed partial response during the follow-up period.
Disease control rate (partial response plus stable disease)
was 97% (33/34).

Twenty-nine patients had elevated CA 19-9 levels (median,
1008; range, 83—7184 U/mL) without jaundice before treatment.
The minimal CA 19-9 level after treatment (median, 52; / range,
34,140 U/mL) decreased more than 50% in 27 (93%) of these
29 patients and showed a normal value in 13 (45%).

At the time of analysis, disease progression was noted in
31 patients. The pattern of initial disease progression was dis-
tant metastases in 13 patients (38%), local progression of the
pancreatic tumor in 9 (26%), both in 6 (18%), and deteriora-
tion of general condition in 3 patients (9%; Table 4). Among
the patients, regional lymph nodes recurrence was seen in
two patients. Both patients had concurrent distant metastases.
The median progression-free survival was 8.7 months (95%
CI, 7.0-10.4 months). The median survival time and 1-year
survival rate were 16.8 months (95% CI, 12.9-20.7 months)
and 70.6% (95% CI, 55.3%—85.9%), respectively (Fig. 2).

DISCUSSION

Chemoradiotherapy using 5-FU has been the mainstay
treatment for unresectable, locally advanced pancreatic can-
cer. We used S-1 instead of 5-FU infusion, in combination
with radiotherapy, because of its favorable antitumor activity
against metastatic pancreatic cancer and convenient oral ad-
ministration. In our protocol, the standard daily dose of S-1
for systemic chemotherapy was combined with concurrent
radiotherapy based on our Phase I study (15). Maintenance
chemotherapy with S-1 was administered to delay or reduce
the development of distant metastases in responding or stable
patients after S-1 and radiotherapy. In addition, second-line
chemotherapy with gemcitabine was delivered in most cases
after treatment failure. The rationale of our protocol was to
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Treatment discontinuation (n=1)
Reason for discontinuation:

Withdrawal of consent

Excluded from analysis

S-1 + radiation (n=34)
Completion n=29)
S-1 dose reduction n=4)
Maintenance chemotherapy with S-1  (n =33)
Lost to follow-up (n =0)
Treatment discontinuation (n=30)
Reasons for discontinuation:
Disease progression (n=28)
Toxicity (n=2)
Analyzed (n=34)

(n=0)

Fig. 1. Study schema.

intensify systemic activity while maintaining the patient’s
quality of life by using an oral anticancer agent.

To date, there is little information on the safety and effi-
cacy of this combination therapy not only in patients with
pancreatic cancer, but in those with other types of tumors

Table 1. Patient characteristics

No. of patients
Sex
Men
Women
Age, years
Median (range)
ECOG performance status
0
1
2
Site of tumor
Head
Body-tail
Largest dimension, cm
Median (range)

34

18
16

63 (42-78)
9
19
6

20
14

3.9 (2.9-6.6)

Abbreviation: ECOG = Eastern Cooperative Oncology Group.

as well. In this study, S-1 at the dose recommended for sys-
temic chemotherapy and the standard dose of radiotherapy
were well tolerated and feasible in patients with locally ad-
vanced pancreatic cancer. The most common toxicity during
chemoradiotherapy was anorexia, with Grade 3 toxicity oc-
curring in 24% of the patients. Hematologic toxicity was rel-
atively mild. No life-threatening toxicity was experienced.
We performed upper gastrointestinal endoscopy after chemo-
radiotherapy to assess acute gastrointestinal toxicity but did
not detect Grade 3 or 4 ulcers. As for radiation late toxicity,
hemorrhagic gastritis was considered to require special atten-
tion. Acute cholecystitis and liver abcess were considered to
be caused mainly by biliary stent occlusion.

In this study, S-1 combined with radiotherapy showed
promising antitumor effect in patients with locally advanced
pancreatic cancer. Although it is difficult to compare our re-
sults with those of other studies, the response rate of 41%,
the disease control rate of 97%, the CA 19-9 response rate of
93% and the median survival time of 16.8 months compare
well with the outcomes of other chemoradiotherapy regimens
(Table 5) (4, 16-20). One possible explanation for these



S-1 and radiotherapy for pancreatic cancer @ K. Supo ez al. 123

Table 2. Toxicity during chemoradiation (n = 34)

Table 4. Patterns of initial disease progression (n = 34)

Toxicity Grade l or2 Grade3 Grade4 No. of patients (%)

Hematological toxicity None 3 (9%)

Leukocytopenia 26 3 0 Distant metastases 13 (38%)

Neutropenia 15 2 1 Liver 3

Anemia 15 0 0 Peritoneum 4

Thrombocytopenia 21 1 0 Liver and peritoneum 1
Nonhematological toxicity Lung 2

Anorexia 19 8 0 Pleura 2

Nausea 18 4 0 Bone 1

Vomiting 7 0 0 Local progression 9 (26%)

Diarrhea 5 0 0 of the pancreatic tumor

Elevation of GOT/GPT 11 0 0 Local progression 6 (18%)

Elevation of creatinine 1 0 0 of the pancreatic tumor

Skin rash 7 1 0 and distant metastases

Urinary tract infection 0 1 0 Liver 1

Gastric/duodenal ulcer* 6 0 0 Peritoneum 4

Gastritis/duodenitis* 17 0 0 Lung 1

GI hemorrhage 0 0 0 Deterioration of general condition 3 (9%)

Abbreviations: GI = gastrointestinal; GOT = glutamic oxaloacetic
transaminase; GPT = glutamic pyruvic transaminase.

* Twenty-nine patients received GI endoscopy after chemoradio-
therapy.

promising results, we suppose, may be the use of an agent that
has demonstrated high response rate for metastatic pancreatic
cancer from the beginning of radiotherapy. Indeed, only one
patient developed distant metastases at the initial evaluation
after chemoradiotherapy. In addition, it also seemed
important that the compliance of our regimen was relatively
good because of the acceptable toxicity profile and
convenient oral administration of S-1. As a result, most
patients received the planned chemoradiotherapy and
following maintenance chemotherapy. Moreover, 90% of the
patients received second-line chemotherapy with gemcitabine
after treatment failure.

In this study, to reduce toxicity and improve therapeutic
compliance, radiotherapy was performed using 3D treatment
planning without conducting prophylactic nodal irradiation.
The clinical target volume (CTV) of conventional chemora-

Table 3. Grade 3-4 toxicity during maintenance
chemotherapy (n = 33)

Toxicity Grade 3 Grade 4

Leukocytopenia
Neutropenia

Anemia
Thrombocytopenia
Anorexia
Nausea/vomiting
Diarrhea

Elevation of GOT/GPT
Skin rash
Hemorrhagic gastritis
Acute cholecystitis
Liver abscess

—OWOOOOo—ONWN
O~ OO OO ONMNOCO

Abbreviations: GOT = glutamic oxaloacetic transaminase; GPT =
glutamic pyruvic transaminase.

diotherapy for pancreatic cancer usually includes the regional
lymph nodes irrespective of the presence or absence of nodal
metastases, which may result in severe gastrointestinal toxic-
ity and limit the delivery of the prescribed dose of radiother-
apy or following maintenance chemotherapy. In an attempt to
reduce toxicity and combine radiotherapy with full-dose
gemcitabine, McGinn et al. (21) investigated the usefulness
of 3D conformal radiotherapy not including prophylactic
nodal irradiation. Our group has also reported the feasibility
of involved-field irradiation with a 15-20 mm margin where
only the primary tumor and clinically enlarged lymph nodes
were included in the CTV without using prophylactic nodal
irradiation (22). The rationale for reducing the irradiation
field size is to reduce radiation toxicity and subsequently to
deliver sufficient systemic chemotherapy. In this study, as de-
scribed earlier, severe acute gastrointestinal mucositis was
rare and treatment compliance was satisfactory. Locoregional
lymph nodes recurrence was seen in only two patients, and
we therefore suggest that the reduction of the radiation field
size did not result in excess locoregional failure.

To date, in an attempt to prolong the survival of patients
with locally advanced pancreatic cancer, many studies using
novel agents such as gemcitabine (16, 17), capecitabine (18),
paclitaxel (19), oxaliplatin (20), or bevacizumab (23), as well

Survival rate

0 5 1015 20 25 30 35 40 aonchs

Fig. 2. Kaplan—Meier overall survival.
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Table 5. Clinical trials involving patients with locally advanced pancreatic cancer

Response rate Disease control rate  CA 19-9 MST 1-year

Author Chemotherapy RT (CR + PR) (CR + PR + SD) response (months) survival
Ishii (4) 5-FU 50.4 Gy 10% 90% 83% 10.3 41.8%
Saif (18) Capecitabine 50.4 Gy 20% 85% No data 17.2 58%
Moureau-Zabotto (20)  5-FU+oxaliplatin 55 Gy 26% 62% No data 12.2 52.1%
Okusaka (16) GEM 250 mg/m*w  50.4 Gy 21% 83% 76% 9.5 28%
Small (17) GEM 1,000 mg/m*w 36 Gy 5.1% 84.6% No data No data 73%

Abbreviations: CR = complete response; GEM = gemcitabine; MST = median survival time; PR = partial response; RT = radiation therapy;

SD = stable disease; w = week.

as modified radiotherapy approaches such as hyperfractio-
nated (24) or intensity-modulated radiation therapy (25)
have been conducted. Especially, gemcitabine-based chemo-
radiotherapy has been investigated in many studies because
this agent has shown significant survival benefit compared
with 5-FU in patients with metastatic pancreatic cancer.
However, the combination of gemcitabine and radiotherapy
is often related with severe toxicity, and therefore, Phase I
studies have indicated the need to reduce the dose of gemci-
tabine when combined with standard-dose radiotherapy (26,
27). No regimens have achieved survival benefit over
conventional chemoradiotherapy with 5-FU infusion.

On the other hand, in recent clinical trials, the feasibility of
chemoradiotherapy using oral fluoropyrimidines such as UFT
or capecitabine instead of 5-FU infusion has been reported for
various solid tumors, including pancreatic cancer (18, 28).
Capecitabine is an oral fluoropyrimidine carbamate that was
designed to generate 5-FU preferentially at the tumor site.
Tumor-selective generation of 5-FU could potentially im-
prove the therapeutic ratio for capecitabine. To achieve tumor
selectivity, capecitabine was designed to exploit the high con-
centrations of thymidine phosphorylase in the tumor com-
pared with normal tissues (29, 30). Saif et al. (18)
conducted a Phase II study of capecitabine and radiotherapy
in patients with locally advanced pancreatic cancer. Twenty
patients were treated with 50.4 Gy of radiotherapy and cape-
citabine, with a response rate of 20% and a 1-year survival
rate of 58%. The authors emphasized the convenience and
safety of oral administration. Oral administration is more con-
venient for patients than infusion regimens, and it avoids the
risks of complications associated with intravenous adminis-
tration. Considering the poor prognosis of patients with lo-
cally advanced pancreatic cancer, this approach seems to be
an important option in terms of patients’ quality of life.

In this treatment strategy, S-1 is an attractive candidate
because it showed favorable antitumor effect in metastatic

pancreatic cancer. To date, three Phase I studies of S-1 and
concurrent radiotherapy in locally advanced pancreatic can-
cer have been reported including our regimen (15, 31, 32).
Ikeda et al. (31) reported that the recommended dose of S-
1 with concurrent radiotherapy (50.4 Gy in 28 fractions)
was 80 mg/m?*/day on the day of irradiation. Shinchi et al.
(32) investigated a regimen of S-1 and concurrent radiother-
apy at a total dose of 50 Gy per 40 fractions for 4 weeks, and
the recommended dose of S-1 was 80 mg/m?/day given on
Days 1-21. However, the efficacy and safety of this combi-
nation have not been fully evaluated in Phase II trials. Al-
though the current Phase II study involved a small number
of patients, the safety and efficacy results are promising. Re-
cently, Kim et al. conducted a Phase II study, in which 25 pa-
tients were treated with S-1 and concurrent radiotherapy
using a similar dose and schedule to those recommended in
our Phase I study. In that study, this combination had a low
toxicity profile and showed favorable efficacy with a response
rate of 24% and a median survival of 12.9 months. The main
difference between Kim’s study and our Phase II study lies in
maintenance chemotherapy. In Kim’s study, 75% of the pa-
tients received gemcitabine-based chemotherapy after com-
pletion of radiotherapy, whereas most patients received
maintenance chemotherapy using S-1 (97%) and salvage
chemotherapy using gemcitabine (90%) in our study.

In summary, this study showed that oral S-1 at the dose rec-
ommended for systemic chemotherapy plus concurrent
radiotherapy exerted a promising antitumor activity with
acceptable toxicity in patients with locally advanced pancre-
atic cancer. S-1 has a great clinical advantage of oral admin-
istration, and thus this combination therapy is attractive
alternative to conventional chemoradiotherapy using 5-FU
infusion. This regimen should be further studied and its sur-
vival benefit in comparison with gemcitabine monotherapy
or conventional chemoradiotherapy using 5FU infusion
needs to be confirmed in a randomized controlled trial.
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