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Abstract
Background: Six months of adjuvant chemotherapy with S-1 is standard care for resected pancreatic
cancer in Japan; however, the optimal duration has not been established. We aimed to evaluate the
impact of duration of adjuvant chemotherapy with S-1.

Methods: We performed a multicenter, randomized, open-label, phase II study. Patients with histologically
proven invasive pancreatic ductal carcinoma, pathological stage I–III, and no local residual or
microscopic residual tumor were eligible. Patients were randomized 1:1 to receive 6 or 12 months of
adjuvant chemotherapy with S-1. The primary endpoint was 2-year overall survival (OS). Secondary
endpoints were disease-free survival (DFS) and feasibility.

Results: A total of 170 patients were randomized (85 per group); the full analysis set was 82 in both
groups. Completion rates were 64.7% (6-month group) and 44.0% (12-month group). Two-year OS was
71.5% (6-month group) and 65.4% (12-month group) (hazard ratio (HR): 1.143; 80% con�dence interval
(CI): 0.841–1.553; P = 0.5758). Two-year DFS was 46.4% (6-month group) and 44.9% (12-month group)
(HR: 1.069; 95% CI: 0.727–1.572; P = 0.6448). In patients who completed the regimen, 2-year DFS was
56.5% (6-month group) and 75.0% (12-month group) (HR: 0.586; 95% CI: 0.310–1.105; P = 0.0944).
Frequent (≥ 5%) grade ≥ 3 adverse events comprised anorexia (10.5% in the 6-month group) and
diarrhea (5.3% vs. 5.1%; 6- vs. 12-month group, respectively).

Conclusions: In patients with resected pancreatic cancer, 12 months of adjuvant chemotherapy with S-1
was not superior to 6 months regarding OS and DFS.

Introduction
Despite recent improvements in preoperative evaluation, surgical techniques, postoperative management,
and neoadjuvant/adjuvant chemotherapy, pancreatic cancer remains one of the most lethal malignancies
[1–2]. In the early 2000s, surgical resection was the only curative treatment for pancreatic cancer, which
was reported resectable in 15–20% of cases [3]. However, even in resectable cases, 95% of pancreatic
cancers recurred within 2 years after surgery [4], with a median survival of 11.0–16.9 months and a 5-
year survival rate of only 8.2% [5–6]. Improved outcomes with surgical resection were limited, and there
was an urgent need to develop better multimodal treatment.

The European Study Group for Pancreatic Cancer (ESPAC) 1 trial demonstrated that adjuvant
chemotherapy with �uorouracil plus folic acid provided a signi�cant survival bene�t in patients with
resected pancreatic cancer, whereas no additional effect was observed with radiation therapy [6]. The
Charite Onkologie (CONKO) 001 trial showed that adjuvant chemotherapy with gemcitabine (GEM)
delayed recurrence and improved survival compared with surgery alone [7]. The PRODIGE 24-
ACCORD/CCTG PA6 trial performed by the Unicancer and Canadian Cancer Trials Group (CCTG) showed
that in patients with resected pancreatic cancer, adjuvant chemotherapy with modi�ed �uorouracil,
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leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX), although more toxic than GEM, was signi�cantly
more effective regarding survival [8].

The Japan Adjuvant Study Group of Pancreatic Cancer (JASPAC) 01 trial randomized 385 pancreatic
cancer patients who underwent radical resection to GEM or S-1 as adjuvant chemotherapy for 6 months.
The �nal analysis of follow-up data revealed a hazard ratio (HR) for mortality of 0.57 (95% con�dence
interval (CI): 044–0.72), with a 5-year overall survival (OS) of 24.4% (18.6%–30.8T) in the GEM group and
44.1% (16.9–51.1%) in the S-1 group [9]. In accordance with these results, adjuvant chemotherapy with S-
1 has become the standard treatment for resected pancreatic cancer in Japan. The duration of
administration is considered 6 months; however, the optimal duration has not been established. The
Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) showed that adjuvant chemotherapy
with S-1 signi�cantly prolonged survival compared with surgery alone for curatively-resected gastric
cancer [10]. Accordingly, 12 months of S-1 was established as the standard dosing period for resected
gastric cancer in Japan and other Asian countries. The Japan Clinical Oncology Group (JCOG) 1104 trial
investigated the non-inferiority of 6 vs. 12 months of S-1 regarding recurrence-free survival. However, the
predictive probability for showing non-inferiority at the �nal analysis was 2.9%; therefore, the trial was
stopped [11].

The aim of this study was to evaluate the effect of the duration of adjuvant chemotherapy with S-1 for
patients with resected pancreatic cancer. This was a multicenter, randomized, clinical trial to evaluate and
compare the e�cacy and safety of 6- vs. 12-months of S-1 and to select the more promising regimen,
setting 6 months as the standard duration.

Patients and Methods

Study design
This was a randomized, open-label, multicenter, phase II trial of 6- versus 12-months of adjuvant
chemotherapy with S-1 in patients with resected pancreatic cancer; the postoperative adjuvant
chemotherapy S-1 (PACS-1) trial.

Participants
The eligibility criteria for participants were histologically proven pancreatic ductal carcinoma in
accordance with the General Rules for the Study of Pancreatic Cancer [12]; pathological stage I–III
according to the TNM Classi�cation of Malignant Tumors [13]; no local residual tumor (R0) or
microscopic residual tumor (R1); and no cancer cells in intraoperative peritoneal lavage �uid cytology.
Participants also had to satisfy the following criteria: age ≥ 20 years; Eastern Cooperative Oncology
Group performance status [14]: 0 or 1; no history of chemotherapy or radiotherapy within the past 3 years;
enrollment within 10 weeks after surgery; and adequate bone marrow, liver, and kidney function within 14
days before registration (leucocytes: 3000–12,000/mm3; platelets: ≥ 100,000/mm3; hemoglobin: ≥ 8.0
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g/dL; total bilirubin: ≤ 2.0 mg/dL; aspartate aminotransferase and alanine aminotransferase: ≤ 100 IU/L;
and serum creatinine: ≤ 1.2 mg/dL).

Patients were excluded if they had the following: history of chemotherapy for locally advanced pancreatic
cancer; previously treated with S-1; serious drug allergy; recurrence con�rmed before registration; severe
pleural effusion or ascites; pulmonary �brosis or interstitial pneumonia; or inadequately-controlled
diarrhea. The following were additional exclusion criteria: active infectious disease; blood transfusion
within 2 weeks before registration; complicating psychiatric disorder; active multiple primary cancers;
pregnancy; men who were willing to conceive a child; receiving �ucytosine, phenytoin, or warfarin
potassium; or judged unsuitable for inclusion.

Randomization
Patients were randomly assigned (1:1) to receive either 6 or 12 months of adjuvant chemotherapy with S-
1 at the data center by a modi�ed minimization method, balancing the adjustment factors of residual
tumor status (R0 or R1), nodal status (N0 or N1), and study site. The investigators were not masked to the
patients’ allocated treatment. Patients were aware of their group assignment.

Procedure

Patients received S-1 orally, as follows, on the basis of body surface area (BSA): BSA < 1.25 m2: 40 mg;
BSA 1.25 m2 to < 1.5 m2: 50 mg; and BSA ≥ 1.5 m2: 60 mg. S1 was administered twice daily for 4 weeks
followed by a 2-week rest (one cycle). After the second course, S-1 was administrated for 2 weeks
followed by a 1-week rest, depending on the onset of toxicity or other factors. This regimen was repeated
for 6 or 12 months.

To start each cycle of S-1, patients had to satisfy the following criteria: leucocytes: ≥ 3000/mm3;
neutrophils: ≥ 1500/mm3; platelets: ≥ 100,000/mm3; hemoglobin: ≥ 6.5 g/dL; no pyrexia of ≥ 38°C;
serum creatinine: ≤ 1.5 mg/dL; aspartate aminotransferase: ≤ 150 IU/L; alanine aminotransferase: ≤
150 IU/L; and no other non-hematological adverse events (AE) of grade ≥ 2. In addition to the criteria to
rest and restart S-1 in each cycle, if any of the following AEs were observed, further administration of S-1
in the ongoing cycle was suspended: leucocytes: ≤ 1000/mm3; platelets: ≤ 50,000/mm3; pyrexia ≥ 38°C;
serum creatinine ≥ upper limit of the facility criteria; and non-hematological AEs grade ≥ 2. Once
administration of S-1 was suspended, the daily dose of S-1 for the next cycle was reduced, as follows:
from 120 mg to 100 mg; 100 mg to 80 mg; or 80 mg to 50 mg daily, on the basis of BSA.

During the protocol treatment, we evaluated tumor markers every 6 weeks (one cycle), and we repeated
abdominal computed tomography (CT) or magnetic resonance imaging every 3 months. After the
protocol treatment period, tumor markers were evaluated every 3 months, and abdominal computed
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tomography or magnetic resonance imaging was performed every 3 months during the �rst 2 years after
enrollment, and every 6 months thereafter.

Outcomes
The primary endpoint was 2-year OS. OS was de�ned as the time interval from randomization to death
from any cause. The secondary endpoints were disease-free survival (DFS) and the incidence of AEs. DFS
was the time from registration to date of recurrence or death from any cause. We assessed AEs using the
National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0) [15].

Statistical analysis
On the basis of data from the JASPAC 01 trial [9], we assumed that 2-year OS for the 6-month group
would be 70%. We expected that the HR for mortality in the 12-month group compared with that in the 6-
month group would be 0.62. For the log-rank test with two-sided signi�cance of 20% and power of 70%,
the number of events required was 59. Assuming an enrollment period of 3 years, follow-up period of 2
years, and no dropouts during the observation period, approximately 78 cases per group were required.
Considering dropouts after enrollment, the target enrollment number was set at 85 cases per group, for a
total of 170 cases. Patient characteristics were summarized with descriptive statistics and contingency
tables. We estimated OS and DFS using the Kaplan–Meier method, and differences were compared using
the log-rank test. HRs and Cis were obtained using a Cox proportional hazards model. All statistical
analyses were performed using JMP 16.0 software (SAS Institute Inc., Cary, NC, USA).

Results

Patients’ characteristics
Between 11 February 2014 and 10 August 2016, 170 patients were enrolled; 85 patients were randomly
assigned to the 6-month group and 85 to the 12-month group. After randomization, four patients were
found ineligible, and two patients did not receive adjuvant chemotherapy. As a result, 82 patients in both
the 6- and 12-month groups comprised the per-protocol population (Fig. 1). Table 1 shows the baseline
characteristics of the per-protocol population. The patients’ demographics and tumor characteristics were
well-balanced between the groups.
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Table 1
Baseline characteristics of the patients

  S-1 6 months S-1 12 months

  (n = 82) (n = 82)

Sex    

Male 47 (57.3%) 41 (50.0%)

Female 35 (42.7%) 41 (50.0%)

Age, years    

< 60 12 (14.6%) 6 (7.3%)

60–69 34 (41.5%) 29 (35.4%)

≥ 70 36 (43.9%) 47 (57.3%)

Performance status    

0 56 (68.3%) 55 (67.1%)

1 26 (31.7%) 27 (32.9%)

Operative procedure    

Pancreaticoduodenectomy 56 (68.3%) 56 (68.3%)

Distal pancreatectomy 23 (28.0%) 22 (26.8%)

Total pancreatectomy 3 (3.7%) 4 (4.9%)

Combined portal vein resection 6 (7.3%) 5 (6.1%)

Combined celiac artery resection 1 (1.2%) 1 (1.2%)

Residual tumor status    

R0 75 (91.5%) 74 (90.2%)

R1 7 (8.5%) 8 (9.8%)

CA19-9    

< 37 U/mL 64 (78.0%) 63 (76.8%)

≥ 37 U/mL 18 (22.0%) 19 (23.2%)

Primary tumor status    

Data are expressed as n (%).

S-1, S-1 chemotherapy; CA 19 − 9, carbohydrate antigen 19 − 9; T, tumor; N, node
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  S-1 6 months S-1 12 months

T1 7 (8.5%) 5 (6.1%)

T2 6 (7.3%) 10 (12.2%)

T3 66 (80.5%) 66 (80.5%)

T4 3 (3.7%) 1 (1.2%)

Regional lymph node status    

N0 36 (43.9%) 37 (45.1%)

N1 46 (56.1%) 45 (54.9%)

Histological type    

Adenocarcinoma 79 (96.4%) 76 (92.7%)

Adenosquamous carcinoma 1 (1.2%) 3 (3.7%)

Mucinous carcinoma 0 (0.0%) 1 (1.2%)

Anaplastic carcinoma 1 (1.2%) 1 (1.2%)

Invasive carcinoma derived from intraductal tumor 1 (1.2%) 1 (1.2%)

Data are expressed as n (%).

S-1, S-1 chemotherapy; CA 19 − 9, carbohydrate antigen 19 − 9; T, tumor; N, node

Completion rate
Fifty-three (64.7%) patients in the 6-month group and 36 (44.0%) in the 12-month group completed the S-
1 chemotherapy regimen (Table 2). Disease relapse and AEs were the most common primary and
secondary reasons for treatment discontinuation in both groups.

Table 2
Completion rate of S-1 adjuvant chemotherapy

  S-1 6 months S-1 12 months

  (n = 82) (n = 82)

Patients, n (%) 53 (64.7%) 36 (44.0%)

S-1, S-1 chemotherapy

Survival



Page 9/19

Two-year OS rates were 71.5% (6-month group) and 65.4% (12-month group) (HR: 1.143; 80% CI: 0.841–
1.553; P = 0.5758) (Fig. 2A). Recurrence was observed in 46 (56.1%) patients in the 6-month group and 51
(62.2%) in the 12-month group. Two-year DFS rates were 46.4% (6-month group) and 44.9% (12-month
group) (HR: 1.069; 95% CI: 0.727–1.572; P = 0.6448) (Fig. 2B). There were no signi�cant differences in 2-
year OS and DFS between the groups.

For patients who completed the regimen, 2-year OS rates were 90.5% (6-month group) and 94.4% (12-
month group) (HR: 0.596; 95% CI: 0.229–1.551; P = 0.3836) (Fig. 3A). Recurrence was observed in 30/53
(56.6%) patients in the 6-month group and 14/36 (38.9%) in the 12-month group. Two-year DFS rates
were 56.5% (6-month group) and 75.0% (12-month group) (HR: 0.586; 95% CI: 0.310–1.105; P = 0.0944)
(Fig. 3B). In patients who completed the regimen, the 12-month group tended to have a better DFS
compared with the 6-month group, although there was no signi�cant difference.

Adverse events
Owing to insu�cient data for six patients in the 6-month group and 4 in the 12-month group, AEs were
compared for 76 patients and 78 patients, respectively. The most frequent (≥ 5%) grade ≥ 3 AEs were
anorexia (10.5% in the 6-month group) and diarrhea (5.3% vs. 5.1%; 6- vs. 12-month group, respectively).
Anorexia was observed at a signi�cantly higher rate in the 6-month group (Table 3) vs. the 12-month
group. However, for patients who completed the regimen, there was no signi�cant difference in the AE
rate between the groups (Table 4).
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Table 3
Adverse events

  S-1 6 months (n = 76)   S-1 12 months (n = 78)   P-value

  Any ≥ Grade 3   Any ≥ Grade 3   ≥ Grade 3

Fatigue 28 (36.8%) 1 (1.3%)   26 (33.3%) 3 (3.8%)   0.3236

Malaise 26 (34.2%) 0 (0.0%)   28 (35.9%) 1 (1.3%)   0.3220

Fever 5 (6.6%) 0 (0.0%)   7 (9.0%) 0 (0.0%)   -

Febrile neutropenia 0 (0.0%) 0 (0.0%)   0 (0.0%) 0 (0.0%)   -

Anorexia 38 (50.0%) 8 (10.5%)   33 (42.3%) 2 (2.6%)   0.0450

Nausea 17 (22.4%) 1 (1.3%)   15 (19.%) 0 (0.0%)   0.3094

Vomiting 8 (10.5%) 1 (1.3%)   5 (6.4%) 1 (1.3%)   0.9852

Constipation 5 (6.6%) -   4 (5.1%) -   -

Diarrhea 33 (43.4%) 4 (5.3%)   26 (33.3%) 4 (5.1%)   0.9699

Oral mucositis 15 (19.7%) 0 (0.0%)   18 (23.1%) 2 (2.6%)   0.1600

Dysgeusia 15 (19.7%) -   19 (24.4%) -   -

Hand-foot syndrome 8 (10.5%) 0 (0.0%)   6 (7.7%) 0 (0.0%)   -

Others 19 (25.0%) 2 (2.6%)   29 (37.2%) 3 (3.8%)   0.6707

Data are expressed as n (%).

S-1, S-1 chemotherapy
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Table 4
Adverse events in the patients who completed S-1 adjuvant chemotherapy

  S-1 6 months (n = 53)   S-1 12 months (n = 36)   P-value

  Any ≥ Grade 3   Any ≥ Grade 3   ≥ Grade 3

Fatigue 17 (32.1%) 0 (0.0%)   12 (33.3%) 1 (2.8%)   0.2224

Malaise 17 (32.1%) 0 (0.0%)   14 (38.9%) 0 (0.0%)   -

Fever 2 (3.8%) 0 (0.0%)   4 (11.1%) 0 (0.0%)   -

Febrile neutropenia 0 (0.0%) 0 (0.0%)   0 (0.0%) 0 (0.0%)   -

Anorexia 29 (54.7%) 1 (1.9%)   22 (61.1%) 0 (0.0%)   0.4072

Nausea 12 (22.6%) 0 (0.0%)   6 (16.7%) 0 (0.0%)   -

Vomiting 5 (13.9%) 0 (0.0%)   4 (11.1%) 1 (2.8%)   0.2224

Constipation 4 (7.5%) -   1 (2.8%) -   -

Diarrhea 25 (47.1%) 3 (5.7%)   14 (38.9%) 1 (2.8%)   0.5194

Oral mucositis 9 (17.0%) 0 (0.0%)   11 (30.6%) 1 (2.8%)   0.2224

Dysgeusia 10 (18.9%) -   10 (27.8%) -   -

Hand-foot syndrome 4 (7.5%) 0 (0.0%)   3 (8.3%) 0 (0.0%)   -

Others 12 (22.6%) 0 (0.0%)   15 (41.7%) 1 (2.8%)   0.2224

Data are expressed as n (%).

S-1, S-1 chemotherapy

Discussion
This was a randomized, open-label, multicenter, phase II trial of 6 months versus 12 months of adjuvant
chemotherapy with S-1 in patients with curatively-resected pancreatic cancer; the (PACS-1) trial. In
contrast to our expectations following the ACTS-GC and JCOG 1104 trials for patients with resected
gastric cancer [10–11], 12 months of adjuvant chemotherapy with S-1 was not superior to 6 months
regarding OS and DFS in patients with resected pancreatic cancer. One of the reasons may be the lower
completion rate in the 12-month group. The JASPAC 01 trial revealed that 72% of the patients completed
adjuvant chemotherapy with S-1. In the present study, the completion rate was 64.7% in the 6-month
group, which was not signi�cantly different compared with the �ndings in the JASPAC 01 trial; however,
the rate was very low in the 12-month group (44.0%). The primary and secondary reasons for failure to
complete adjuvant chemotherapy were recurrence and AEs. The recurrence rate was 66% in the JASPAC
01 trial compared with 56.1% in the 6-month group and 62.2% in the 12-month group in this study, which
were not signi�cantly different from the rate in the JASPAC 01 trial. For an unknown reason, the 6-month
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group had a signi�cantly higher rate of grade ≥ 3 anorexia compared with the 12-month group. The
anorexia rate in the JASPAC group was 8%, which was not signi�cantly different from the rate of 10.5% in
the 6-month group in this study [9]. When the comparison was limited to patients who completed
adjuvant chemotherapy, there was no difference in OS; however, DFS tended to be better in the 12-month
group compared with that in the 6-month group, suggesting that the lower completion rate in the 12-
month group had a signi�cant impact in this study.

The ESPAC-3 trial demonstrated that completion of adjuvant chemotherapy with GEM or �uorouracil plus
folic acid for pancreatic cancer was an independent survival factor, and OS favored patients who
completed vs. did not complete the full course of treatment [16]. Additionally, patients who completed the
planned adjuvant chemotherapy with S-1 for pancreatic cancer had longer survival times compared with
those who discontinued treatment [17]. Furthermore, Kobayashi et al reported the following: 1) total dose
intensity was important for the long-term prognosis after radical resection for pancreatic cancer, with
completion of adjuvant chemotherapy with S-1; 2) long OS was achieved only when a high total dose
intensity of at least 60% was maintained; and 3) there was no signi�cant difference between patients
who received < 60% of the total dose vs. the no adjuvant chemotherapy group [18].

Because AEs are a major reason why postoperative adjuvant chemotherapy is not completed,
determining feasibility of S-1 treatment is essential. A feasibility study of S-1 as adjuvant chemotherapy
using a 2-week administration regimen followed by a 1-week rest period was previously performed in
locally advanced squamous cell carcinoma of the head and neck to increase compliance with S-1
therapy. In the study, treatment with S-1 was continued for 6 months as a 2-week administration/1-week
rest (2-week/1-week) regimen or a 4-week administration/2-week rest (4-week/2-week) regimen. The
treatment completion rate was 40.0% and 29.4%, and the frequency of grade ≥ 3 AEs was 8.0% and
17.6% for the 2-week/1-week and 4-week/2-week regimens, respectively [19]. These results suggested that
the lower AE rate with the 2-week/1-week regimen exerted a signi�cant positive effect on the completion
rate of S-1 treatment.

Numerous studies have evaluated the relationship between the administration interval of �uoropyrimidine
anticancer agents, including S-1, and their antitumor effects and AEs [20–24]. Arai et al performed an
alternate-day treatment schedule with S-1 in 36 gastric cancer patients [20]. The authors administered S-1
every other day in accordance with the theory that normal cells can be rescued by interrupting the
administration of �uoropyrimidine anticancer agents every 24 hours, taking advantage of the difference
in the cell cycle between normal cells and tumor cells. The authors reported that the patients had
su�cient blood �uoropyrimidine concentrations and fewer side effects and adequate clinical response
[20].

In conclusion, our �ndings showed that 12 months of adjuvant chemotherapy with S-1 was not superior
to 6 months regarding OS and DFS for patients with resected pancreatic cancer. The AE rate was
acceptable in both groups; however, the completion rate of S-1 chemotherapy was lower in the 12-month
group vs. 6-month group. Among patients who completed adjuvant chemotherapy, the 12-month group
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tended to have better DFS. This result may suggest better DFS in the 12-month group if the completion
rate improves with a change in the dosing regimen.
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Figure 1

Patient disposition and treatment �ow chart

The pre-protocol population was planned to comprise eligible patients receiving the allocated treatment.

R, residual tumor stage; ECOG PS, Eastern Cooperative Oncology Group performance status
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Figure 2

Overall- and disease-free survival

We calculated p-values using the log-rank test. Numbers at the bottom indicate the numbers of patients
at risk.



Page 18/19

A) Overall survival 2 years after randomization was 71.5% in the 6-month group and 65.4% in the 12-
month group.

B) Disease-free survival 2 years after randomization was 46.4% in the 6-month group and 44.9% in the
12-month group.

Figure 3
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Overall- and disease-free survival in the patients who completed the regimen

We calculated p-values using the log-rank test. Numbers at the bottom indicate the numbers of patients
at risk.

A) Overall survival 2 years after randomization was 90.5% in the 6-month group and 94.4% in the 12-
month group.

B) Disease-free survival 2 years after randomization was 56.5% in the 6-month group and 75.0% in the
12-month group. In patients who completed the regimen, the 12-month group tended to have better
disease-free survival compared with the 6-month group.


