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Further investigations are warranted to elucidate the effec-
tiveness of this treatment strategy in future studies.
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Introduction

Chemoradiotherapy (CRT) is regarded as a therapeutic 
option for locally advanced pancreatic cancer (LAPC) [1–
3]. However, the efficacy of the conventional CRT using 
5-FU as a radiosensitizer remains poor with a reported 
median survival of approximately 10 months [4]. This local 
treatment is clearly inadequate for tumor control, given the 
fact that distant metastasis is the main cause of treatment 
failure [4]. Hence, the addition of effective systemic chem-
otherapy is crucial to improve patient survival.

S-1 is an oral fluoropyrimidine preparation with dem-
onstrated systemic anti-tumor effects against pancreatic 
cancer. In a phase III study of gemcitabine (GEM) plus S-1 
(GS), S-1 alone, or GEM alone for metastatic or LAPC (the 
GEST study), S-1 showed non-inferiority to GEM in over-
all survival (OS) with a higher response rate [5]. Further-
more, OS with S-1 was shown to be superior to that with 
GEM alone in a phase III study of adjuvant chemotherapy 
for resected pancreatic cancer (the JASPAC-01 study) [6].

S-1 has systemic activity for LAPC; thus, the combina-
tion therapy of S-1 and radiotherapy (RT) is expected to 
convey both systemic and local anti-tumor effects. Phase 
II studies have shown promising efficacy of S-1 and con-
current RT followed by maintenance chemotherapy with 
S-1 for LAPC [median survival time (MST)  =  14.3–
16.8 months] [7–9].
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In the present study, induction GEM and S-1 (GS) was 
administered before S-1 and RT to intensify systemic anti-
tumor effects and to select the patients who would benefit 
from local treatment. Induction chemotherapy before CRT 
is regarded as a therapeutic option to exclude patients who 
develop rapidly progressive distant metastases, although 
no high-level evidence supports this treatment strategy 
[10]. GS was superior with regard to progression-free 
survival (PFS) compared with GEM alone in randomised 
phase II studies for metastatic or LAPC [11–13]. Although 
GS did not improve OS compared to GEM alone in the 
GEST study, sub-group analyses showed that GS signifi-
cantly improved OS in patients with LAPC [hazard ratio 
(HR) = 0.67; 95% confidence interval (CI) 0.46–0.99] [5]. 
Furthermore, compared to administration of GEM alone, 
GS improved ORR, PFS, and OS in patients with LAPC 
in a pooled analysis of three randomised controlled studies 
[14].

The aim of the current study was to assess the efficacy 
and safety of induction GS followed by CRT and systemic 
chemotherapy using S-1 in patients with LAPC.

Materials and methods

Eligibility

The eligibility criteria for enrollment in this study were 
as follows: cytologically or histologically confirmed, 
locally advanced adenocarcinoma of the pancreas; no 
distant metastases; no evidence of gastroduodenal inva-
sion or obstruction; measurable lesion according to the 
Response Evaluation Criteria in Solid Tumors (version 
1.1); 20–79  years of age; no prior chemotherapy or RT; 
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) of 0 or 1; written informed consent; 
and adequate organ function [leukocytes ≥3500/mm3, 
neutrophils ≥2000/mm3, platelets ≥100,000/mm3, hemo-
globin ≥9.0 g/dL, normal serum creatinine and creatinine 
clearance ≥ 50  mL/min, serum aspartate transaminase 
(AST) ≤120  IU/L, serum alanine transaminase (ALT) ≤ 
120  IU/L, and serum bilirubin ≤2.0 or ≤3.0  mg/dL after 
biliary drainage in patients with obstructive jaundice]. 
Locally advanced disease was defined as tumor invasion of 
the superior mesenteric artery, celiac axis, hepatic artery, or 
bilateral stenosis of the portal vein or superior mesenteric 
vein.

Exclusion criteria were as follows: severe concurrent 
disease; interstitial pneumonia; mental disorder; concomi-
tant malignancy; moderate or severe diarrhea, hemor-
rhagic colitis or peptic ulcer; severe drug hypersensitivity; 
pregnant or lactating females; regular use of phenytoin, 

warfarin, or frucitocin; receiving systemic steroid therapy; 
and active infection.

This prospective phase II study was performed in com-
pliance with the guidelines of the Declaration of Helsinki. 
The study protocol was approved by the institutional ethi-
cal review board of Chiba Cancer Center and all patients 
submitted written informed consent before participating in 
the study. This study was registered at the UMIN Clinical 
Trials Registry (UMIN000006332).

Treatment

Induction GS

Patients received four cycles of induction GS (oral S-1 
twice a day after meals from the evening of day 1 to the 
morning of day 15 every 3 weeks and GEM at 1000 mg/
m2 on days 8 and 15). The daily S-1 dose was established 
according to the body surface area (BSA) as follows: 
BSA  <1.25  m2, 60  mg/day; 1.25  m2 ≤  BSA  <  1.50  m2, 
80 mg/day; and 1.50 m2 ≤BSA, 100 mg/day. Dose modifi-
cations were made according to the predefined criteria.

S‑1 and RT

Patients who did not develop distant metastases after 
induction GS received 50.4  Gy of RT in 28 fractions 
concurrent with oral S-1 twice a day on days 1–14 and 
22–35. S-1 and concurrent radiotherapy were started 
with at least a 2-week washout period after the com-
pletion of induction GS. The daily S-1 dose was deter-
mined according to BSA as follows: BSA  <1.25  m2, 
80 mg/day; 1.25 m2 ≤ BSA < 1.50 m2, 100 mg/day; and 
1.50 m2 ≤BSA, and 120 mg/day. Dose modifications were 
performed according to the predefined criteria.

RT consisted of 50.4 Gy in 28 daily fractions of 1.8 Gy 
over 5.5 weeks using 10 MV photons. RT was prescribed 
with involved-field irradiation not including prophylactic 
nodal irradiation, as reported previously [7, 15]. Histo-
grams of the dose distribution and dose volume were cre-
ated using a three-dimensional treatment planning system. 
The gross tumor volume (GTV) was defined as the primary 
tumor and metastatic lymph nodes detected on CT. The 
clinical target volume (CTV) was defined as GTV plus a 
0.5 cm margin, and the planning target volume (PTV) was 
defined as CTV plus a 1–1.5 cm margin for daily setup var-
iation and respiratory movement.

Maintenance chemotherapy with S‑1

Maintenance chemotherapy with S-1 (for 14  days every 
3  weeks) was started within 1–4  weeks after CRT. 
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Treatment was continued until disease progression or unac-
ceptable toxicity.

Pre‑treatment and follow‑up evaluation

Baseline evaluation included a medical history and physical 
examination, blood examination, CT scans of the abdomen 
with intravenous contrast, and CT scan of the chest. Tumor 
stage was assessed according to the Union for International 
Cancer Control (UICC) TMN classification (7th edition).

Physical examination, complete blood cell counts, and 
serum biochemistry tests were conducted once a week dur-
ing induction GS and CRT and at least once every 3 weeks 
during maintenance therapy. Adverse events were evaluated 
according to the National Cancer Institute Common Toxic-
ity Criteria, version 4.0.

CT was performed every two cycles during induction GS 
and then at the completion of RT. During maintenance ther-
apy, CT was performed every 2  months. Tumor response 
was evaluated using RECIST version 1.1.

Statistical analysis

The primary endpoint was 1-year survival on an intention-
to-treat basis. The secondary endpoints included OS, PFS, 
ORR, and adverse events. The sample size was determined 
using the Southwest Oncology Group One Arm Sur-
vival program (https://stattools.crab.org/). We assumed an 
expected 1-year survival rate of 60% and a threshold rate 
of 40% with a power of 85% and a one-sided alpha level of 
0.05, with an accrual time of 48 months and follow-up of 
12 months. The planned sample size was set at 30.

Time-related parameters were calculated using the 
Kaplan–Meier method from the initiation of induction 
chemotherapy. Statistical analyses were performed using 
EZR ver. 1.33 software (https://cran.r-project.org/web/
packages/RcmdrPlugin.EZR/index.html) [16], a graphical 
user interface for R (The R Foundation for Statistical Com-
puting, version 3.3.1).

Results

Patient characteristics

A total of 30 patients were enrolled in this study between 
September 2011 and November 2013. The baseline charac-
teristics of the patients are listed in Table 1. Sixty-three per-
cent of the patients had an ECOG PS of 0, with a median 
age of 67.5  years. The median tumor size was 41.5  mm 
(range 30–53 mm). Eighty-three percent of patients had T4 
disease. The median serum CA 19-9 concentration was 206 
U/mL.

Treatment

Doses of GEM or S-1 were reduced because of toxicity in 
23 patients (76.7%) during induction GS. Treatment was 
terminated in seven patients because of adverse events 
(n = 3), disease progression (n = 2), withdrawal of consent 
(n =  1), or surgical resection after a significant response 
(n = 1) (Fig. 1). The remaining 23 patients received S-1 and 
concurrent RT. Eight patients started with reduced doses of 
S-1 because of toxicity observed during induction GS. No 
patient required a dose reduction of RT. The median PTV 
was 195 cm3 (range 99–662). At the completion of S-1 and 
RT, two patients terminated treatment because of disease 
progression. Twenty-one patients received maintenance 
chemotherapy with S-1 with a median of 11 cycles (range 
1–33 cycles).

Safety

All patients (n  =  30) were assessed for toxicity. As 
shown in Table  2, Grade 3/4 toxicities were more fre-
quent during induction GS. The most prevalent grade 
3/4 adverse events were neutropenia (63.3%) and biliary 
tract infection (20%). Biliary tract infection and hepatic 
infection were mainly due to biliary stent occlusion. One 
patient developed interstitial pneumonitis, probably due 
to GEM, but recovered with steroid therapy. One patient 

Table 1   Patient characteristics

ECOG Eastern Cooperative Oncology Group, SMA superior mesen-
teric artery, CA celiac axis, PV portal vein, SMV superior mesenteric 
vein

Characteristics Median (range) or n

Number of patients 30

Gender

 Men/women 22/8

Age, years

 Median (range) 67.5 (44–79)

ECOG performance status

 0/1 19/11

Site of primary tumor

 Head/body or tail 16/14

Tumor size, mm

 Median (range) 41.5 (30–53)

T stage and vascular involvement

 T4: SMA or CA >180° 22

 T4: SMA or CA ≤180° 3

 T3: Hepatic artery 3

 T3: PV or SMV only 2

CA19-9, U/mL

 Median (range) 206 (<2–132,766)

https://stattools.crab.org/
https://cran.r-project.org/web/packages/RcmdrPlugin.EZR/index.html
https://cran.r-project.org/web/packages/RcmdrPlugin.EZR/index.html
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died suddenly during the induction chemotherapy phase, 
possibly because of the aspiration caused by obstruc-
tion of the gastric outlet due to tumor invasion into the 
duodenum.

Only mild toxicities were observed during S-1 and RT or 
maintenance chemotherapy with S-1. Grade 3/4 non-hema-
tological adverse events, other than biliary tract infection, 
were uncommon.

Fig. 1   Study schematic

Table 2   Grade 3 and 4 adverse events

Adverse events Induction chemotherapy (n = 30) (%) Chemoradiotherapy (n = 23) (%) Maintenance chemotherapy 
(n = 21) (%)

Leukocytopenia 23.3 0 9.5

Neutropenia 63.3 4.3 28.6

Anemia 10 0 4.8

Thrombocytopenia 6.7 0 0

Anorexia 0 0 0

Nausea/vomiting 3.3 0 0

Diarrhea 0 0 0

Abdominal pain 3.3 0 0

Skin rash 6.7 0 4.8

Pneumonitis 3.3 0 0

Biliary tract infection 20 8.7 19

Hepatic infection 3.3 0 0

Lung infection 3.3 0 4.8
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One patient developed acute cholecystitis with minor 
perforation 32 months after treatment initiation, mainly due 
to repeated biliary infections associated with stent occlu-
sion. This patient recovered after surgical treatment.

Response

For the best overall response in all treated patients (n = 30), 
10 (33%) achieved a partial response and 19 (63%) had 
stable disease. Among the 23 patients who received CRT, 
induction GS showed a significant reduction in tumor size. 
(median size, from 41 to 32  mm; Wilcoxon signed-rank 
test, p = 0.0004).

Three patients underwent surgery with curative intent 
and achieved R0 resection. One patient underwent surgical 
resection after 21 cycles of maintenance chemotherapy with 
S-1 and was confirmed to have a pathological complete 
response (CR). Another patient underwent surgical resec-
tion after four cycles of induction GS. However, this patient 
experienced local recurrence 11 months after surgery. The 
other patient underwent surgical resection 41 months after 
treatment initiation.

Survival

The median follow-up time for censored cases was 
48.5  months (range 41.9–55.9  months). For all treated 
patients (n =  30), OS rates at 1, 2, 3, and 4  years were 
73.3% (95% CI 53.7–85.7%), 36.7% (95% CI 20.1–
53.4%), 23.3% (95% CI 10.3–39.4%), and 16.7% (95% CI 
6.1–31.8%), respectively. The median durations of OS and 
PFS were 21.3 (95% CI 14.3–24.9) months and 12.7 (95% 
CI 9.6–15.5) months, respectively (Fig. 2).

For 23 patients who did not develop distant metas-
tases and received CRT, OS rates at 1, 2, 3, and 4  years 
were 82.6% (95% CI 60.1–93.1%), 43.5% (95% CI 23.3–
62.1%), 30.4% (95% CI 13.5–49.3%), and 21.7% (95% CI 
7.9–39.9%), respectively. The median OS was 22.9 months 
(95% CI 15.3–35.5  months), while the median OS was 
11.8  months (95% CI 2.5–24  months) for 7 patients who 
did not receive planned CRT (Logrank test, p =  0.0199) 
(Fig. 2).

Patterns of initial disease progression

At the time of analysis, 3 (10%) patients were still alive 
without disease progression, with a survival duration of 
41.9–55.9  months. Among the three patients, two were 
treated with CRT without additional resection.

Distant metastasis was noted in 11 (37%) patients, local 
progression in 10 (33%), and both in 4 (13%) (Table 3).

Discussion

The majority of patients with LAPC eventually develop 
distant metastasis during the course of treatment [17, 
18]. The treatment regimen used in this study comprised 
continuous systemic chemotherapy throughout the entire 
treatment period combined with local treatment with RT 
in selected patients. The estimated 1-year survival rate 
of 73.3% (95% CI 53.7–85.7%) obtained in the current 
study is promising, and the study met its primary end-
point. Furthermore, the median survival (21.3  months) 
and long-term outcomes (2-year survival of 36.7%, 
3-year survival of 23.3%, and 4-year survival of 16.7%) 
were also encouraging when compared with those of 
other prospective studies for LAPC (Table 4) [4, 7, 18–
24]. Although a direct comparison across studies is diffi-
cult because of the difference in patient backgrounds, our 
regimen appears to be favorable in PFS, which may have 
resulted in the longer OS.

The favorable outcomes achieved in this study may 
partly be due to the long-term feasibility of this regimen. 
Although induction GS is often associated with grade 3/4 
neutropenia or infection, toxicity of CRT, or maintenance 
chemotherapy with S-1 was generally mild. To decrease 
radiation toxicity and deliver sufficient systemic chemo-
therapy, we adopted involved-field irradiation without 
prophylactic nodal irradiation. Furthermore, in patients 
who received RT, tumor size was significantly reduced 
after induction GS (median size, from 41 to 32 mm). In 
LAPC, ORR was greater for GS compared to that for 
GEM alone in a pooled analysis of three randomised con-
trolled studies [14]. Reduction in tumor size may have 
contributed to the mild toxicity profile of RT after induc-
tion GS via reduction of PTV (median PTV, 195  cm3). 
Large PTV (≥500  cm3) is reportedly an important fac-
tor for severe acute intestinal toxicity of RT for LAPC 
[25]. Most patients in the current study received systemic 
chemotherapy even after CRT.

In the current study, induction GS appeared to play an 
important role in better patient selection. The outcome of 
23 (76.7%) patients treated with additional CRT was very 
encouraging. The median survival period of 22.9 months 
was comparable to that in patients who underwent sur-
gery after neo-adjuvant therapy for initially unresectable 
pancreatic cancer. Gillen et  al. reported that one-third 
of patients with initially unresectable LAPC would be 
expected to have resectable tumors after neo-adjuvant 
therapy, and the MST was 20.5 months following resec-
tion [26]. In the current study, long-term outcomes of 
patients treated with CRT were also favorable (2-year 
survival of 43.5%, 3-year survival of 30.4%, and 4-year 
survival of 21.7%). In addition, one patient treated with 
CRT experienced pathologic CR. The role of additional 
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CRT after systemic chemotherapy, especially after GEM 
or GEM plus erlotinib, remains controversial in LAPC, as 
shown in the LAP-07 study [27]. However, these findings 

in the current study suggest that CRT may confer a sur-
vival benefit in some populations.

The analyses of patterns of initial disease progres-
sion indicated that more potent therapies are crucial for 
both systemic and local tumor control. Recent evidence in 
metastatic pancreatic cancer suggests that FOLFIRINOX 
or GEM plus nab-paclitaxel regimen may be promising 
options for LAPC [28, 29]. Future studies should assess the 
role of these regimens with or without CRT for LAPC.

There were a few limitations to the current study that 
should be addressed. The sample size was relatively 
small, and the study was conducted in a single institute. 
It cannot be ruled out that the better outcomes observed 

Fig. 2   a Progression-free survival and b overall survival in the intention-to-treat population. c Overall survival of patients treated with CRT 
(n = 23) and those who did not receive planned CRT (n = 7)

Table 3   Patterns of initial disease progression (n = 30)

Number of patients (%)

Alive without disease progression 3 (10%)

Distant metastases 11 (37%)

Local progression 10 (33%)

Distant metastases and local progression 4 (13%)

Unknown 2 (7%)
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in the current study were due to better patient selection. 
However, similar results have been reported in a prior 
phase II study on induction GS followed by S-1 and con-
current RT [30]. In that study, 32 patients were treated 
with induction GS (different protocol from ours) fol-
lowed by 50.4 Gy of intensity-modulated RT and main-
tenance therapy with S-1. The study showed a favora-
ble ORR of 53.1%, 1-year survival of 75% and MST of 
15.9  months. These results warrant further investigation 
of this regimen in a future study.

In conclusion, the current study demonstrated that 
induction GS followed by CRT and systemic chemo-
therapy using S-1 was feasible and highly active with 
encouraging survival in patients with LAPC. The ration-
ale lies in continuous systemic chemotherapy throughout 
the entire treatment period combined with local treatment 
with RT in selected patients. We consider that induction 
GS played an important role in better patient selection 
and reduction of tumor size before RT. Further investiga-
tions are warranted to elucidate the effectiveness of this 
treatment strategy in future studies.
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