
Abstract. Background: Gemcitabine and S-1 are drugs
commonly used for treating locally advanced pancreatic cancer
(LAPC). However, the safety and efficacy of combination of
these agents for induction chemotherapy (IC) followed by
chemoradiotherapy are not well-defined. Patients and
Methods: Fifteen patients with LAPC (IC-CRT group) were
treated with gemcitabine and S-1 IC, followed by S-1
chemoradiotherapy. The clinical outcomes were compared to
a cohort of 38 patients who received chemoradiotherapy alone
(CRT group). Results: Disease control rates in the CRT and
IC-CRT groups were 84% and 93%, respectively (p=0.024).
The median time of disease progression was 10.8 and 15.4
months in the CRT and IC-CRT group, respectively (p=0.043).
The median overall survival time was longer in the IC-CRT
group compared to CRT (23.4 vs. 17.3 months), but this
increase was not statistically significant. Conclusion:
Gemcitabine and S-1 combination chemotherapy, followed by
CRT, is a promising IC regimen for treating LAPC.

Pancreatic cancer is well known for its extremely
unfavorable prognoses and it is the fourth leading cause of
cancer death, with an overall 5-year survival rate of only 
1-4% (1). More than 80% of patients have a locally
advanced or metastatic form of the disease, that cannot be
treated with surgical resection (2). 

There are a number of palliative options for unresectable
pancreatic cancers, such as chemotherapy, chemoradiotherapy

(CRT) or chemotherapy followed by CRT. CRT is now
generally accepted as standard treatment for locally advanced
pancreatic cancer (LAPC) (3, 4). A combination chemo -
therapy using gemcitabine and fluorouracil drugs, such as S-
1, is considered to be one of the more promising treatment
regimens for unresectable pancreatic cancer (5, 6). In
contrast, the exact role of CRT in combination therapy is not
well understood yet, especially when compared to mono-
chemotherapy. Several studies have examined induction
chemotherapy (IC) followed by CRT as a treatment option for
pancreatic cancers and have highlighted some of its potential
benefits (7, 8). Although several studies have addressed the
feasibility issues associated with the administration of IC
before CRT, including S-1 therapy, the efficacy of this
approach is still somewhat controversial (9, 10). Moreover,
only a few reports exist reporting gemcitabine and S-1
(GEM/S-1) combination chemotherapy followed by CRT, as
an efficacious method for treating pancreatic cancers (11).

In this study, we aimed to examine the clinical outcomes
in patients with locally advanced unresectable pancreatic
cancer, who had been treated with GEM/S-1 IC, followed by
S-1 CRT.

Patients and Methods 

Patients. This study was conducted in accordance with the
guidelines outlined in the Declaration of Helsinki. Fifty-three
patients with histologically or cytologically confirmed
adenocarcinomas were enrolled for this study at the Kagoshima
University Hospital in Kagoshima, Japan, between January 2008
and December 2014. Eligible patients had to be older than 20 years
of age, possess a Karnofsky performance score (KPS) (12) greater
than 70, and not to have received prior radiotherapy or
chemotherapy for another malignancy within the past five years. All
patients in the study cohort had locally advanced and unresectable
pancreatic cancers. Our criteria for identifying locally advanced and
unresectable tumors were as follows: tumor infiltration into the
hepatic artery, superior mesenteric artery or celiac axis and/or
unreconstructable superior mesenteric vein/portal vein occlusion.
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The tumors were determined to be inoperable owing to vascular
encasement as determined by computed tomography (CT) and
magnetic resonance imaging (MRI). All patients had acceptable
baseline hematological, hepatic, and renal function.

Treatment schedule. IC was performed using a combination of
GEM/S-1. Patients received at least two cycles of chemotherapy
before CRT. Gemcitabine was administered once via 30 min
intravenous infusions of 1000 mg/m2 (during day 1 and day 8) and
S-1 (Taiho Pharmaceutical Co., Ltd. Tokyo, Japan) was administered
orally twice a day at a dose of 40 mg/m2 (from day 1 to day 14).

CRT treatment was carried out for 4 weeks. Conformal
radiotherapy, using 10 megavolt photons, was performed at 1.4
Gy/fractions twice each day, delivering a total dose of 56 Gy. S-1
was administered orally in two daily doses of 80 mg/m2/day
between days 1 and 21. The radiation field included the primary
tumor and a margin of 1-3 cm covering the regional lymph nodes.
One month after the completion of CRT, S-1 was administered for
14 days, followed by a 7-day rest period. This cycle was repeated
as a maintenance therapy until disease progression or unacceptable
toxicity occurred.

Evaluation and statistical analysis. After IC completion and
following 6-8 weeks; since the completion time of CRT, the clinical
response of the patient was assessed by CT or MRI imaging. Tumor
response was assessed according to the Response Evaluation
Criteria in Solid Tumors (RECIST) (13). Treatment toxicities were
recorded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.0 (14).
Following treatment completion, patients underwent a physical
examination and a repeat testing for tumor marker levels (CA19-9;
carbohydrate antigen 19-9 and CEA; carcinoembryonic antigen) as
well as surveillance CT or MRI scanning every three months until
disease progression occurred.

Overall survival, from the start of primary chemotherapy and
CRT, was estimated using the Kaplan-Meier method. Time to
progression (TTP) at the primary tumor site or distant sites was also
estimated. All of the tests were conducted at an alpha level of 0.05
with a 95% confidence interval (CI). All of the statistical analyses
were performed using the SPSS Statistics v17.0 (SAS Institute,
Tokyo, Japan).

Results

Patient characteristics. The initial 38 consecutive patients
were enrolled in the CRT group and the next 15 consecutive
patients were enrolled in the IC followed by CRT group (IC-
CRT). Patient characteristics are summarized in Table I. Age,
sex ratio, KPS, tumor size, and preoperative tumor marker
levels were not found to be statistically significant different
between the groups.

Result of induction chemotherapy. The average number of
cycles for GEM/S-1 combination chemotherapy was 2.1
(range, 2-5 cycles). Two patients halted gemcitabine
treatment owing to a hematological adverse effect in the first
cycle. Administration of S-1 was performed for another three
cycles to these patients. Although eight patients displayed no

toxicities, grade 3 neutropenia occurred in three patients, and
anemia occurred in one patient. Grade 4 of toxicity was not
observed in any patient (Table II).

As two patients achieved a partial response, nine patients
displayed stable disease and two patients displayed progressive
disease, disease control rate after IC was 86% in this group.
Distant metastasis did not appear in any patients following IC.
All patients were consecutively treated with CRT.

Results of chemoradiotherapy. All patients, in both groups,
received a scheduled dose of radiotherapy. Toxicities during
and after CRT treatment, in both groups are shown in Table
II. Although the incidence of hematological toxicities was
higher in the IC-CRT group, no grade 4 toxicities were
observed in either group. Three patients displayed grade 3
neutropenia, two in the CRT group and one in the IC-CRT
group. Febrile neutropenia was not seen in our study cohort.
The non-hematological toxicities observed were relatively
mild and no grade 4 toxicities were recorded.

Tumor response and tumor reduction rate based on
radiological assessment and CEA/CA19-9 expression levels
are shown in Table III. Disease control rate was 84% (32
patients out of 38) in the CRT group and 93% (14 patients
out of 15) in the IC-CRT group. The average reduction rate
in tumor size was 17.7% in the CRT group and 29.9% in the
IC-CRT group after the treatment. Metastatic lesions
appeared in four patients, one of whom belonged to the IC-
CRT group. Decreased carcinoembryonic antigen (CEA)
levels were observed in 35 patients, 25 of the CRT group and
10 of the IC-CRT group. Decreased CA19-9 levels were seen
in 41 patients, 28 of the CRT group and 13 of the IC-CRT
group. The difference between the radiological responses in
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Table I. Characteristics of the enrolled patients.

                                            CRT (N=38)      IC-CRT (N=15)      p-Value

Age (years)                                                                                       N.S.
   Range                                      37-82                    43-83                     
   Median                                      63                         66                       
Gender                                                                                              N.S.
   Male                                          24                          7                        
   Female                                       14                          8                        
KPS (mean±SD)                       86±5.2                  85±6.3                N.S.
Tumor site                                                                                         N.S.
   Head                                          29                         13                       
   Body and tail                             9                           2                        
Tumor size (mean±SD)          3.5±0.69               3.3±0.83              N.S.
Tumor marker                                                                                       
   CEA (mean±SD)                    5±3.6                  4.8±4.9               N.S.
   CA19-9 (mean±SD)           769±1389              215±291              N.S.

KPS, Karnofsky performance status; N.S., not significant.



the two groups was statistically significant (p=0.024).
However, the differences between the CEA levels and CA19-
9 levels in the two groups were not statistically significant.

Treatment outcomes. The median TTP was 10.8 months in
the CRT group and 15.4 months in the IC-CRT group (Figure
1A). Eight patients showed no disease progression. A
statistically significant difference in TTP was seen between
the two groups (p=0.043). The median OS was 17.3 months
in the CRT group and 23.4 months in the IC-CRT group
(Figure 1B). Estimated 1-, 2-, and 5-year survival rates in the

CRT group were 70.5%, 21.7%, and 8%, respectively.
Corresponding survival rates in the IC-CRT group were
80%, 33.3%, and 30%, respectively. At the time of analysis,
36 patients of the CRT group and 11 patients of the IC-CRT
group had died. However, no statistically significant
difference in the OS was observed between the two groups.

Discussion

The optimal treatment for patients with LAPC is not well
established yet. The American Society of Clinical Oncology
recommends that systemic therapy with combination
regimens should be used as the initial method of treatment
for most patients with LAPC (15, 21). Although there are
many reports that assess the efficacy of CRT in patients with
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Figure 1. Kaplan-Meier plots of (A) time to progression and (B) overall
survival between the CRT group and IC-CRT group. p-Value of >0.05
indicates statistically significant difference between groups.

Table II. Toxicities during induction chemotherapy and
chemoradiotherapy.

                                             CRT                                IC-CRT

                                                                           IC                      CRT
Toxicity                               Grade                  Grade                  Grade

                                      2        3       4        2        3        4       2       3       4

Hematological                                                                                   
  Leukopenia                 3        2       0        0        0        0       2       3       0
  Neutropenia                2        2       0        0        3        0       2       1       0
  Anemia                       0        0       0        0        1        0       0       1       0
  Thrombocytopenia     0        0       0        2        0        0       1       1       0
Non-hematological        
  Nausea                        0        0       0        1        0        0       1       0       0
  Anorexia                     2        0       0        2        0        0       3       0       0
  Vomiting                     1        0       0        0        0        0       0       0       0
  Diarrhea                     1        0       0        0        0        0       0       0       0
  Oral mucositis           1        0       0        0        0        0       0       0       0

Table III. Response data of radiological findings and tumor markers.

Objective response                         CRT                IC-CRT                

Radiological response                                                                   p<0.05
   Partial response                             6                        8                      
   Stable disease                               26                       6                      
   Progressive disease                       6                        1                      
Tumor reduction rate (%)                                                               N.S.
   Mean (range)                       17.7(-25~70)     29.9 (-5~63)             
CEA response                                                                                  N.S.
   ≥50% decrease                             19                       8                      
   <50% decrease                              6                        2                      
   Increase                                          9                        5                      
CA19-9 response                                                                             N.S.
   ≥50% decrease                              7                        4                      
   <50% decrease                             21                       9                      
   Increase                                          5                        2                      

N.S., Not significant.



LAPC, the exact role of CRT in combination therapies
remains controversial. Recent retrospective and phase II
studies have demonstrated the viability of pre-CRT IC for
borderline resectable tumors and patients with LAPC (8, 16,
17, 18). These studies have also shown that the median OS
in patients with LAPC ranges between 9.3 and 19.2 months
and conversion rate for resection was in 30-40% of the
patients. Therefore, evidence seems to indicate that initial
systemic therapy could potentially avoid the rapid systemic
dissemination of cancer. On the other hand, the LAP07 trial,
which is the first phase III study on the subject, showed that
CRT did not result in increased survival rates when
compared to mono-chemotherapy (19). The reason behind
this observed lack of survival benefit in the LAP07 trial may
be the insufficient efficacy of IC.

Both, phase III trials and MPACT trial have demonstrated
that FOLFIRINOX and nab-paclitaxel can significantly
improve survival in patients with stage IV pancreatic cancer
(20, 21). Sadot et al. reported that patients with LAPC treated
using FOLFIRINOX had a median progression-free survival of
16 months and a median OS of 25 months (22). Although the
median OS was not found to differ significantly in the LAP07
trial, CRT shown to be more effective at decreasing local
progression than mono-chemotherapy. A recent systemic
review showed that FOLFIRINOX-treated patients with LAPC
had a median OS of 24.2 months (23). The median OS in this
study, was 23 months and it is similar to that reported in the
aforementioned study. These results indicate that powerful IC
may improve the ability of patients to proceed to a definitive
treatment that allows for local control of the disease. Therefore,
radiotherapy may play an important role in increasing survival
via local disease control, if distant disease control can be
improved through superior systemic regimens.

Several meta-analysis studies indicate that GEM/S-1
combination therapy, as a first-line treatment, may be more
effective at increasing survival rates in patients with
unresectable pancreatic cancer (5, 24). Qing-Hua et al.
showed that GEM/S-1 combination therapy followed by oral
S-1 with intensity-modulated radiotherapy (IMRT) protocol
achieved a 2-year survival rate of 34.4%, which was similar
to the results we have outlined in this study (2-year survival
rate of 33.3%) (11). In addition, our data showed that
GEM/S-1 combination therapy achieved a disease control rate
of 86%. However, further consideration of the duration of IC
is required to enhance the efficacy of this treatment strategy.

IC using S-1 based regimens was convenient for our
protocol as we also conducted CRT using hyper-fractionated
radiotherapy (HART) with S-1 in this series. Our previous
studies showed that HART with S-1 was well-tolerated by
patients with LAPC and resulted in promising outcomes
(25). Moreover, most patients received S-1 mono-therapy as
a maintenance therapy. The JASPAC 01 study showed that
adjuvant chemotherapy with S-1 results in significant

survival benefits in patients with resected pancreatic cancer
when compared with gemcitabine therapy (26). We speculate
that such a regimen could result in a longer patient survival
and fewer post-CRT adverse effects.

However, this study has several limitations. As this
analysis was not a randomized control study, all patients
were enrolled in this protocol consecutively and without
allocation. Furthermore, owing to the small sample size, we
cannot clearly ensure the viability of this treatment strategy.
Another limitation was that the administrated dose intensity
of GEM/S-1 differed amongst patients of the IC-CRT group.
Considering this, a randomized control study is necessary to
validate our findings.

In summary, our data suggests that GEM/S-1 IC, followed
by S-1 CRT, is capable of significantly suppressing disease
progression, while presenting a manageable toxicity profile.
However, a multicenter randomized control trial should be
conducted to confirm its survival benefits and select the
proper populations.
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