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Abstract

Background Pancreatectomy with regional lymphadenectomy remains the only curative treatment option for

pancreatic cancer. There is no clear consensus on what type of adjuvant therapy should be used for patients with

pancreatic cancer.

Objective Our objective was to retrospectively evaluate whether postoperative adjuvant chemotherapy using S-1 is

clinically beneficial in managing resectable pancreatic cancer.

Methods Patients were divided into three groups: those undergoing surgery alone, those receiving gemcitabine

infusion, and those receiving S-1 orally.

Results Of 189 studied patients, the median overall survival was 15.0 months after surgery alone, 33.0 months in

the gemcitabine group, and 45.0 months in patients receiving S-1. A multivariate analysis identified regional lymph

node metastasis, positive surgical margins, and absence of adjuvant chemotherapy as independent negative prog-

nostic factors. S-1 was not inferior to gemcitabine in terms of survival outcomes and showed a favorable hazard ratio

compared with gemcitabine in the subsets of patients with positive vascular invasion.

Conclusions There was no difference between adjuvant chemotherapy with S-1 and gemcitabine in overall survival

for patients with curative pancreatic cancer. Our results suggested that S-1 can be used as a second agent to

gemcitabine after surgical resection for ordinary adenocarcinoma of the pancreas.
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Introduction

Pancreatic adenocarcinoma is a highly aggressive and often

fatal human malignancy [1–3]. Pancreatectomy with

regional lymphadenectomy remains the only curative

treatment option for pancreatic cancer, although the extent

of lymphadenectomy is of no clinical benefit according to

randomized studies [4–6]. However, even when surgery is

a treatment option for pancreatic cancer, the 5 year sur-

vival rate rises to only around 20.3 % [7–9]. This poor

prognosis is attributed to a high incidence of local recur-

rence and the development of distant metastases. Over the

last decade, adjuvant therapy for pancreatic carcinoma has

become an accepted recommendation, with current stan-

dards reflecting the use of single-agent gemcitabine or

modulated fluoropyrimidine therapy [10–12]. Current

major questions include what kind of chemotherapy

impacts on overall survival, accepting a proven impact on

local disease control, and whether use of a second agent

following gemcitabine in the adjuvant setting improves

outcome.

Recent studies have demonstrated that fluorouracil/leu-

covorin plus irinotecan plus oxaliplatin (FOLFIRINOX), a

gemcitabine-free combination regimen, provided a clear

survival benefit compared with gemcitabine for patients

with metastatic pancreatic cancer, with a performance

status of 0 or 1 [13]. In Japan, clinical trials of S-1 (TS-1;

Taiho Pharmaceutical, Tokyo, Japan) have been conducted

since the early 2000 s for patients with pancreatic cancer.

Phase II studies of S-1 as first-line therapy for unresectable

pancreatic cancer resulted in a good response rate of

21.1–37.5 % [14, 15]. Consequently, S-1 was approved for

the indication of pancreatic cancer in Japan in 2006. Fur-

thermore, GEST (gemcitabine and S-1 Trial) verified the

comparability of S-1 to gemcitabine, supporting S-1 as a

first-line therapy option for patients with unresectable

pancreatic cancer [16]. However, the impact of S-1 as a

second agent to gemcitabine after surgical resection for

ordinary adenocarcinoma of the pancreas is unclear. In the

present study, we retrospectively evaluated whether post-

operative adjuvant chemotherapy using S-1 is clinically

beneficial in managing resectable pancreatic cancer.

Patients and methods

Patients

The initial diagnosis of pancreatic cancer was made fol-

lowing imaging and was confirmed by pathological ana-

lysis. We retrospectively reviewed the surgical pathology

database of Kochi Health Sciences Center and Kochi

Medical School to identify patients who underwent

resection for pancreatic neoplasms from April 2006 to

December 2011. Clinical characteristics evaluated included

age, gender, part of the tumor, size of the tumor, operative

procedures, pathological data, and postoperative chemo-

therapy. Location of the pancreatic cancer, size of the

tumor, stage, degree of differentiation, vascular invasion,

lymphatic permeation, perineural invasion, and lymph

node metastasis were assessed according to the TNM

committee of the American Joint Committee on Cancer-

Union for International Cancer Control (UICC) staging

system [17]. Our department followed the prognosis of

each case and obtained accurate outcome details. This

series included patients with ordinary invasive ductal car-

cinoma of the pancreas and excluded those with invasive

pancreatic carcinoma derived from both intraductal papil-

lary mucinous neoplasm and mucinous cystic neoplasm,

acinar cell carcinoma, or adenosquamous cell carcinoma.

The study was approved by the ethics committee of the

Kochi Health Sciences Center and Kochi Medical School.

All patients provided written informed consent.

Treatment

After curative surgical resection, patients were divided into

three groups: those treated by surgery alone, those who

received gemcitabine infusion, and those who received oral

S-1. Patients allocated to gemcitabine alone as an adjuvant

chemotherapy after curative surgical management received

800 mg/m2 intravenously over 30 min on day 1, 8, and 15

of a 28 day cycle. Patients allocated to S-1 alone as an

adjuvant chemotherapy after curative surgical management

received S-1 orally twice daily at a dose according to the

body surface area (BSA) (\1.25 m2, 60 mg/day; [1.25 to

\1.5 m2, 80 mg/day; [1.5 m2, 100 mg/day) on days 1

through 14 of a 21 day cycle. All patients received adju-

vant chemotherapy using either gemcitabine or S-1 within

2 months after curative surgical resection for pancreatic

carcinoma.

Assessments

This is a study of prospectively collected, retrospectively

analyzed data analyzed by a biostatistician (TI). Overall

survival, defined as time from date of pancreatic resection

to date of death from any cause, was investigated. The

prognostic factors after intent-to-cure surgical resection for

pancreatic adenocarcinoma were evaluated by assessing

age, gender, location of the tumor, tumor size, type of

operation, pathological findings, adjuvant chemotherapy,

and UICC staging system. Furthermore, we evaluated

whether postoperative adjuvant chemotherapy using S-1 is

clinically beneficial for the management of resectable

pancreatic cancer.
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Statistics

Survival curves were generated using the Kaplan–Meier

method and compared using the log-rank test [18]. Patients

alive as of 31 December 2012 were censored at the time of

follow-up. A multivariate Cox regression analysis identi-

fied factors that were independently associated with mor-

tality [19]. Differences in proportions were evaluated by

Pearson’s Chi-square test. A p value\0.05 was considered

statistically significant. All analyses were performed using

SPSS� (SPSS; Chicago, IL, USA).

Results

Patients

A total of 189 patients who underwent surgery as an initial

treatment for pancreatic carcinoma between April 2006 and

December 2011 at Kochi Health Sciences Center and Ko-

chi Medical School were studied. Of these patients, 102

were men and 87 were women, ranging in age from 34 to

88 years (mean 68.4) (Table 1). Curative resection was the

operative aim for all patients. No significant differences

were observed in age, gender, tumor location, or patho-

logical background among the three groups. In the post-

operative pathological stage, according to the UICC

classification, patients who received surgery alone were

surgically treated at an earlier stage than those in the

gemcitabine and S-1 groups (Table 1). The type of oper-

ation was not significantly different between the three

groups; however, there was a significant difference in

portal vein transection, with combined resection performed

in 7.7 % of patients not subjected to adjuvant chemother-

apy, 32.3 % of patients administered gemcitabine, and

37.1 % of patients administered S-1 (Table 1).

Study treatment

Patients in adjuvant groups (gemcitabine and S-1) received

adjuvant chemotherapy immediately after the curative surgical

resection for pancreatic adenocarcinoma and chemotherapy

using gemcitabine drip infusion or S-1 oral administration, and

this was continued for as long as possible. The median duration

of treatment was 24.0 months in the gemcitabine group and

20.0 months in the S-1 group. The main reasons for treatment

discontinuation were recurrent disease (36 patients [58.1 %] in

the gemcitabine group and 26 patients [41.9 %] in the S-1

group) or adverse events (eight patients [12.9 %] in the gem-

citabine group and one patient [1.6 %] in the S-1 group). In this

study, the rate of treatment withdrawal due to adverse events in

the gemcitabine group was greater than that in the S-1 group

(p = 0.038).

Survival

There was no mortality in this series. Patient follow-up as

of December 2011 ranged from 0.5–130.0 months, with a

median of 18.0 months (mean 24.8). The analysis of

overall survival was based on 114 deaths (60.3 %) among

the 189 patients. Overall 1-, 3-, and 5 year survival rates

after surgery were 78.0, 42.9, and 31.6 %, respectively.

Table 1 Characteristics of patients who underwent surgical resection

for ordinary pancreatic adenocarcinoma

Characteristic Surgery alone

(n = 65)

Gem

(n = 62)

S-1

(n = 62)

P value

Gender (male/

female)

33/32 29/33 40/22 NS

Age, years 69.6 ± 10.2 68.9 ± 7.9 68.1 ± 9.8 NS

Part of the

tumor (Ph/Pb/

Pt)

46/8/11 48/8/6 33/14/15 NS

Tumor size

(cm)

3.7 ± 1.7 3.3 ± 1.7 4.0 ± 1.6 NS

Type of operation

DHP/DP/TP 45/18/2 46/14/2 33/28/1 NS

Portal vein

transection

5 (7.7) 20 (32.3) 23 (37.1) 0.001

Pathological findings

Well/Mod/

Poor

24/33/8 15/41/6 12/43/7 NS

Lymph node

metastases

36 (55.4) 39 (62.9) 38 (61.3) NS

Lymphatic

permeation

51 (78.5) 48 (77.4) 38 (61.3) NS

Vascular

invasion

49 (75.4) 43 (69.4) 34 (54.8) NS

Perineural

invasion

62 (95.4) 56 (90.3) 60 (96.8) NS

Retroperitoneal

invasion

48 (73.8) 46 (74.2) 41 (66.1)

Negative

surgical

margin

41 (63.1) 49 (79.0) 45 (72.6) NS

UICC classification

Stage IA 2 (3.0) 0 (0.0) 2 (3.2) 0.042

Stage IB 10 (15.4) 7 (11.3) 5 (8.1)

Stage IIA 17 (26.2) 10 (16.1) 10 (16.1)

Stage IIB 31 (47.7) 25 (40.3) 22 (35.5)

Stage III 5 (7.7) 20 (32.3) 23 (37.1)

Data are presented as mean ± SD or n (%) unless otherwise indicated

DHP duodenohemipancreatectomy, DP distal pancreatectomy with

splenectomy, Mod moderately differentiated adenocarcinoma, NS not

significant, Pb pancreatic body, Ph pancreatic head, Poor poorly

differentiated adenocarcinoma, Pt pancreatic tail, SD standard devi-

ation, TP total pancreatectomy, UICC Union for International Cancer

Control, Well well differentiated adenocarcinoma
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Fig. 1 Kaplan–Meier estimates

of a overall survival, as well as

survival rates compared with

b pathological findings, c lymph

node metastases, d surgical

margin, e lymphatic permeation,

f vascular invasion, g UICC

classification staging system,

and h adjuvant chemotherapy.

LN lymph node, Mod

moderately differentiated

adenocarcinoma, Poor poorly

differentiated adenocarcinoma,

UICC Union for International

Cancer Control, Well well

differentiated adenocarcinoma
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Median overall survival of patients who underwent cura-

tive surgical resection for pancreatic adenocarcinoma was

27.5 months (Fig. 1). Comparing the survival rate among

the subgroups identified by each predictive factor identified

the following factors as significantly associated with a poor

outcome after surgery: positive lymph node metastases;

positive surgical margin; positive lymphatic permeation;

advanced tumor status (stage IIB and III) according to

UICC classification; and no postoperative adjuvant che-

motherapy (Fig. 1). Multivariate analysis revealed the

following factors to be independently associated with poor

survival: positive surgical margin; presence of metastatic

lymph node; and no adjuvant chemotherapy (Table 2).

Although the postoperative pathological values of tumor

stage according to the UICC guidelines and presence of

vascular invasion were significant prognostic factors by

univariate analysis, these factors were not significant in the

multivariate context. The size of the tumor, location of the

pancreatic carcinoma, type of operation, pathological dif-

ferentiation, and the invasion to portal vein by the tumor

were also not significant as prognostic factors.

Subgroup analysis

The subgroup analyses of survival according to postopera-

tive pathological characteristics showed significant differ-

ences between surgery alone and adjuvant chemotherapy in

those patients with positive surgical margins, positive lymph

node metastases, and final UICC classification system stage

IIA and IIB (Fig. 2). Although S-1-treated patients showed a

favorable outcome compared with the gemcitabine group in

the subsets of patients, there was a significant difference

among those with positive surgical margins (Fig. 2). In

addition, the Forest plots of S-1 treatment effects on overall

survival in the subgroup analyses showed a favorable hazard

ratio (HR), with both S-1 and gemcitabine in the subsets of

patients with positive vascular invasion; however, S-1 failed

to improve overall survival at a statistically significant level

compared with gemcitabine (HR 0.56; 65 % confidence

interval [CI] 0.27–1.13; p = 0.106) (Fig. 3).

Discussion

In this study of pancreatic cancer patients, the overall

survival curves were virtually identical between those

administered S-1 and those administered gemcitabine for

adjuvant chemotherapy. Toxicity profiles of these two

drugs differed slightly in that gemcitabine tended to show

hepatic toxicity, although both S-1 and gemcitabine were

generally well tolerated. Furthermore, the subgroup anal-

yses demonstrated that S-1 and gemcitabine were equiva-

lent. Overall, our results suggested that S-1 could be used

in first-line adjuvant chemotherapy as a convenient oral

alternative for pancreatic adenocarcinoma after curative

surgical resection.

In a relatively large multicenter phase III study from

Japan in patients with stages I–III pancreatic cancer,

Uesaka et al. [20] demonstrated both equivalence and

superiority of S-1 compared with gemcitabine in the

adjuvant setting. This phase III study thus sought to clarify

the comparison of S-1 with gemcitabine as adjuvant che-

motherapy for resected pancreatic cancer with respect to

overall survival. The toxicities were comparable in both

arms, with less myelosuppression in patients receiving S-1.

A longer follow-up (such as 5 years) is warranted to

ascertain whether the superiority of S-1 over gemcitabine

lasts beyond 2 years and translates into long-term survival

[20]. The pancreatic cancer community throughout the

world is awaiting the final publication of this study, which

Table 2 Multivariate analysis

revealed the following factors to

be independently associated

with poor survival

CI confidence interval

Value B value Relative risk (95 % CI) p value

Surgical margin

Negative

Positive 3.349 3.063 (1.483–6.324) 0.001

Adjuvant treatment

Absent

Present 3.996 1.472 (1.208–1.793) 0.001

Lymph node metastases

Absent

Present 2.620 2.198 (1.211–3.990) 0.007

Lymphatic permeation

Absent

Present 1.753 1.520 (0.961–2.405) 0.096

Vascular invasion

Absent

Present 1.561 1.382 (0.927–2.060) 0.119
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will ultimately inform study designs, settings, participants,

methodologies, outcome measures, results, and the study

relevance to patients with pancreatic cancer [21].

At the time of evaluation in this study, the participants

included only patients with resectable pancreatic adeno-

carcinoma. Interestingly, although the surgery alone group

consisted of patients with early-stage pancreatic cancer,

overall survival was worse in that group than in either the

S-1 or gemcitabine groups. Our study thus suggested that

adjuvant chemotherapy should be adopted as a standard

treatment after surgical resection of pancreatic carcinoma,

even if the pancreatic cancer is diagnosed as UICC clas-

sification stage I or II. In addition, the lack of a significant

difference in overall survival between gemcitabine and S-1

indicates that gemcitabine and S-1 could be used sequen-

tially rather than concurrently. Moreover, the S-1 group

showed a favorable HR compared with gemcitabine for

overall survival in patients with positive vascular invasion

after curative surgical management. We therefore speculate

that S-1 adjuvant chemotherapy could be a viable option in

such patients, depending on the profile of the patients and

further investigations.

A major limitation of our study is uncertainty over

whether our results could be extrapolated to Western

patients, because the pharmacokinetics and pharmacody-

namics of S-1 may differ between Westerners and East

Asians [22, 23]. Although S-1 is available for pancreatic

carcinoma only in Japan, we would suggest that S-1 could

be tested in Western patients with careful monitoring and

appropriate adjustment of the dose. Another potential

limitation is that the dosage of both gemcitabine and S-1 in

this study was relatively small, while the periods of adju-

vant chemotherapy administration were lengthy. To date,

the optimal timing of adjuvant chemotherapy and admin-

istration duration following the surgical resection of pan-

creatic carcinoma with respect to prognosis remains

unclear [24], although adjuvant chemotherapy is standard

care after curative surgical resection for pancreatic carci-

noma [25, 26]. Our results herein suggest that the pro-

spective large randomized controlled trials should be

Fig. 2 Kaplan–Meier estimates of overall survival with respect to a surgical margin, b lymph node metastases, c UICC stage IIA, and d UICC

stage IIB in subgroup analyses. LN lymph node, UICC Union for International Cancer Control
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reprogrammed to evaluate both dose and periods of adju-

vant chemotherapy after curative surgical resection for

pancreatic carcinoma, considering the balance between

cost effectiveness and patient prognosis.

Conclusion

This study verified the equivalent value of S-1 and gem-

citabine, and supports the use of S-1 as a second agent to

gemcitabine after surgical resection for ordinary adeno-

carcinoma of the pancreas. S-1-based regimens for treating

pancreatic cancer should be developed in the future to

improve the management of this formidable disease.
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