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Conclusions  In the neoadjuvant setting, gemcitabine and 
S-1 improved the negative surgical margin rate in BRPC 
patients, but it did not improve survival. Thus, neoadjuvant 
chemotherapy should be given to BRPC patients at an ear-
lier stage.
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Introduction

Pancreatic cancer is the fourth most common can-
cer in Japan. The fact that its incidence and mortality 
rates are nearly identical show it to be one of the most 
lethal malignancies [1]. Several reports, including one 
on a randomized controlled phase 3 study, have found 
that negative margin status is the most influential factor 
determining overall survival (OS) and curability [2–5]. 
However, even though as many as 93 % of tumor resec-
tions achieve negative surgical margins, 29–36 % of pan-
creatic cancer patients suffer recurrence with regional 
metastasis [2].

Pancreatic cancer easily invades the common hepatic 
artery (CHA) and the superior mesenteric arteries (SMA), 
as well as the portal vein (PV), which are unresectable 
because of their location. Positive margins are frequently 
observed around these major vascular structures, and tumor 
abutment of major vascular structures suggests a high 
likelihood of residual cancer after tumor resection. Such 
tumors are defined as borderline-resectable pancreatic can-
cer (BRPC) according to the National Comprehensive Can-
cer Network (NCCN) classification [6, 7].

Borderline-resectable status is defined by at least one 
of the following anatomic characteristics: severe unilateral 
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SMV/PV impingement, circumferential SMA abutment 
of less than 180 degrees, or encasement of a short seg-
ment of the CHA. Since clear margins can be obtained (R0 
resection) for SMV/PV impingement with vascular resec-
tion and reconstruction without increasing morbidity [8], 
incomplete resection, especially around the SMA or CHA, 
is common in patients with BRPC.

Since the early 2000s, Gemcitabine with S-1 has been 
used widely as standard therapy for advanced pancreatic 
cancer in Japan. Recently, a Phase III trial of gemcitabine, 
S-1 and gemcitabine+S-1 for advanced pancreatic can-
cer (GEST study) was conducted. Although there were 
no differences among these three groups in overall sur-
vival, a higher objective response rate was observed in the 
gemcitabine+S-1 group than in the gemcitabine group or 
the S-1 group (29.3 vs. 13.3 and 21.0 %, respectively) [9]. 
The high objective response rate of gemcitabine+S-1 treat-
ment is favorable for neoadjuvant therapy to shrink the 
abutment of the tumor.

We designed a prospective Phase II study of concurrent 
gemcitabine+S-1, administered as neoadjuvant chemo-
therapy (NAC) to BRPC patients with SMA or CHA abut-
ment, and compared the surgical margin status in these 
patients with that in those who did not receive NAC. We 
also investigated whether NAC prolongs the survival of 
BRPC patients and explored which subsets of BRPC 
patients benefit from neoadjuvant gemcitabine plus S-1 
therapy.

Methods

Among 190 pancreatic cancer patients admitted to Kyoto 
University Hospital for pancreatectomy between January 
2005 and December 2010, BRPC was initially diagnosed 
in 37. The diagnosis was based on our modified criteria of 
SMA or CHA abutment and either tumor encasement of a 
short segment of the hepatic artery or tumor abutment of 
the SMA involving less than 180° of the vessel circumfer-
ence. We designed, prospectively, a study of the NAC used 
to treat these BRPC patients (UMIN000001450). Eighteen 
patients who received NAC (NAC+ group) were enrolled 
and compared with 19 BRPC patients who denied enrolling 
in this clinical study and were treated with upfront resec-
tion at Kyoto University Hospital during the same period 
(NAC− group). All of the patients included in this study 
had histopathologically diagnosed ductal adenocarcinoma 
of the pancreas and were followed up after surgery for at 
least 36 months.

Informed consent was obtained from all study partici-
pants according to institutional policies. This study was 
approved by the local ethics committee.

NAC study participants

Eighteen BRPC patients received NAC. After the tumor 
was diagnosed histologically as tubular ductal adenocar-
cinoma by endoscopic ultrasonographic fine needle aspi-
ration (EUS-FNA), patients received three cycles of gem-
citabine (1000 mg/m2) intravenously, on days 1 and 8 of a 
21-day cycle, and oral S-1 (80 mg/m2), twice daily at a dose 
according to body surface area (BSA) (less than 1.25 m2, 
60  mg daily; 1.25–1.5  m2, 80  mg daily; over 1.5  m2, 
100 mg daily) on days 1–14. The dosage of S-1 given to the 
NAC+ group was based on the results of a phase II study 
of gemcitabine+S-1 (GS) [10, 11] in which 1000 mg/m2 of 
gemcitabine was combined with a daily dose of 100, 80, or 
60 mg for S-1. Following chemotherapy, patients had their 
disease re-staged by thin slice contrast-enhanced CT (CE-
CT) of the chest and abdomen and EOB contrast-enhanced 
MRI. Patients were examined by our multidisciplinary pan-
creatic cancer treatment team. If locoregional disease was 
stable or there was less or no distant metastatic disease, 
they underwent pancreatectomy with standard lymph node 
dissection within 6  weeks of chemotherapy. The perineu-
ral tissue around the major arteries was dissected by half 
of the circumference to clear the margin. All patients who 
underwent resection received gemcitabine or S-1 treatment 
for 6 months, starting within 8 weeks of tumor resection. 
If tumor progression was apparent after neoadjuvant treat-
ment, the need for additional chemotherapy or chemoradio-
therapy was determined on an individual basis. Pathology 
and operative reports were reviewed to evaluate the margin 
status and details about the resection. Resection margins 
were defined as positive (R1) if malignant cells were found 
within 1 mm of the pancreatic resection margin, the plexus 
around the SMA or CHA, bile duct, duodenum, or retrop-
eritoneal tissue. If vein resection was performed, the vein 
margin was examined by the pathologist.

Follow-up data were based on medical records up 
to May 2014. Patients were evaluated by CE-CT every 
3 months. The first site of disease recurrence was defined 
as follows: the development of a new low-density mass in 
the region of the pancreatic bed and root of the mesentery 
was considered locoregional recurrence. A new low-density 
region in the liver or lung was defined as distant metasta-
sis. New ascites on ultrasonography (US) or CT, subse-
quently confirmed by cytological examination, was defined 
as peritoneal dissemination. Disease-free survival (DFS) 
was calculated as the time from the date of surgery to the 
date of initial recurrence. Overall survival (OS) was calcu-
lated as the time from the date of initial treatment to the 
date of death. The length of the tumor was estimated based 
on the CE-CT image before treatment and on the resected 
specimen.
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Statistical analysis

All statistical analyses were performed using JMP version 
10 (SAS Institute Inc., Cary, NC, USA). A two-sided sig-
nificance level of 0.05 was considered to indicate signifi-
cance. The Chi squared test was used for univariate anal-
ysis of categorical variables, and the unpaired t test was 
used for univariate analysis of continuous variables. DFS 
and OS curves were constructed using the Kaplan–Meier 
method and the log-rank test was used to evaluate differ-
ences. The impact of factors on prognosis was determined 
using Cox proportional hazards models.

Results

Feasibility, safety, radiological, and serological 
responses of patients who received NAC

Between March, 2006 and November, 2010, BRPC was 
diagnosed in 37 patients, based on our modified criteria 
(see “Methods”). Eighteen patients were treated with NAC, 
consisting of concurrent gemcitabine and S-1, and 14 of 
these 18 patients completed three courses of full-dose gem-
citabine and S-1 treatment. Four patients had the dose of 
gemcitabine reduced by 60 % because of hematologic tox-
icity. The other 19 patients were treated with upfront sur-
gery. After NAC, all 18 patients had their disease restaged 
using CE-CT. None of the patients showed a complete 

response (CR), 11 % showed a partial response (PR), 16 % 
showed progressive disease (PD), and the remaining 73 % 
were in the stable disease (SD) category (Fig.  1a). One 
patient with PD had liver metastasis and two had apparent 
local progression, so these three patients did not undergo 
surgical resection. The remaining 15 patients (83 %) under-
went surgical resection. When NAC response was defined 
as the percentage of degenerated cancer cells, only 13  % 
of the NAC group had more than 50 % degenerated cancer 
cells (Table 2). On the other hand, the levels of the tumor 
marker CA19-9 decreased in 86 % of the NAC+ patients 
(Fig. 1b).

Comparison of preoperative and pathological results 
in the NAC+ versus NAC− groups

Tables  1 and 2 list the preoperative and tumor pathologi-
cal factors, respectively, of all the BRPC patients studied. 
There were no significant differences in preoperative vari-
ables such as tumor size or invasion into the portal vein 
between the groups (Table  1). There were no also differ-
ences in blood loss, operative time, morbidity, or postop-
erative adjuvant chemotherapy. With tumor pathological 
characteristics, there were no significant differences in 
tumor size, tumor location, number of lymph nodes with 
metastasis, or tumor invasiveness between the groups 
(Table 2). However, the frequency of pathologically cura-
tive resection (R0) was significantly higher in the NAC+ 
group (87 %) than in the NAC− group (53 %, p = 0.002).

Fig. 1   a Clinical course of the NAC+ and NAC− groups. BRPC 
borderline resectable pancreatic cancer with abutment of the common 
hepatic artery (CHA) or superior mesenteric artery (SMA), NAC neo-
adjuvant chemotherapy, PD progressive disease, SD stable disease, 
PR partial response, met. metastasis, prog. progression. b Levels of 

the tumor marker CA19-9 before and after NAC. All but two patients 
had a reduction in CA19-9 levels after gemcitabine and S-1. Solid 
line patients with reduced CA19-9 levels, dotted line patients with 
increased CA19-9 levels. Gray zone normal values
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Table 1   Patient and operative 
characteristics of the NAC+ 
and upfront surgery (NAC−) 
groups

Data are expressed as medians (range)

PV portal vein, CA celiac axis, NAC neoadjuvant chemotherapy, PD progressive disease, SD stable disease, 
PR partial response, PD/DP/TP pancreatico duodenectomy/distal pancreatectomy/total pancreatectomy, 
GEM gemcitabine hydrochloride

NAC+ NAC− p

Total number of patients 18 19

Age (years) 63 (43–73) 66 (56–80) 0.110

Gender (male/female) 8/10 6/13 1.000

CA19-9 (initial, U/ml) 101.85 (11.8–615.9) 216.8 (14.2–2345.3) 0.064

CA19-9 (after NAC, U/ml) 39.5 (12.1–441.9) n.a.

CEA (initial, ng/ml) 2.3 (0.3–34.5) 3.4 (0.6–20.4) 0.123

CEA (after NAC, ng/ml) 1.9 (0.8–22.4) n.a.

Initial tumor size (mm) 33 (18–50) 32 (17–75) 0.356

Invasion of the portal vein (±) 9/9 7/12 0.643

Radiographic response (CR/PR/SD/PD) 0/2/13/3 n.a. n.a.

Comorbid disease (±) 6/12 6/13 0.697

Site of primary lesion (head/body-tail) 13/5 13/6 0.754

Number of patients who underwent surgery 15 19

Type of surgery (PD/DP/TP) 4/11/0 5/12/2 0.288

PV resection (±) 7/8 7/12 0.564

CA resection (±) 1/14 2/17 0.694

Operative time (min) 569 (312–766) 584 (311–746) 0.544

Extent of blood loss (ml) 880 (450–2390) 690 (60–3730) 0.551

Morbidity (Clavien-Dindo 0/I/II/IIIa/IIIb/≥IVa) 5/6/3/1/0/0 4/8/4/3/0/0 0.576

Adjuvant chemotherapy GEM/S1/none 9/5/1 11/5/3 0.531

Table 2   Tumor pathological 
status of the NAC+ and upfront 
surgery (NAC−) groups

Data are expressed as medians (range)

NAC neoadjuvant chemotherapy, mod moderately differentiated, por poorly differentiated, PD progressive 
disease, SD stable disease, PR partial response, PD/DP/TP pancreatico duodenectomy/distal pancreatec-
tomy/total pancreatectomy, GEM gemcitabine hydrochloride

NAC+ NAC− p

Total number of patients 15 19

Site of primary lesion (head/body-tail) 11/4 13/6 0.754

Tumor size (mm) 27 (14–50) 32 (17–75) 0.088

Degree of differentiation (well/mod/por/other) 2/8/5/0 1/13/5/0 0.106

Stage (IIa/IIb/III) 8/7/0 3/16/0 0.032

Lymph node metastasis (+/−) 5/10 5/14 0.656

Lymphatic invasion (0/1 vs. 2/3) 13 versus 2 15 versus 4 0.113

Venous invasion (0/1 vs. 2/3) 12 versus 3 11 versus 8 0.565

Neuronal invasion (0/1 vs. 2/3) 2 versus 13 3 versus 16 0.853

Invasion of main pancreatic duct (0/1/2) 11/4/0 12/6/0 0.611

Invasion of bile duct (+/−) 10/5 8/11 0.154

Invasion of duodenum (+/−) 9/6 12/7 0.851

Invasion of serosa (+/−) 6/9 7/12 0.851

Invasion of retroperiotneum (+/−) 2/13 2/17 0.801

Invasion of PV (+/−) 6/9 6/13 0.610

Invasion of A (+/−) 0/15 3/16 0.107

Invasion of neuronal plexus (+/−) 11/4 17/2 0.220

Resectability grade (0/≥1) 12/3 10/9 0.002

Pathological response (Evans classification: Grade I/IIa/IIb) 10/4/1 n.a. n.a.
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Comparison of OS and DFS between the groups

All patients were followed up for at least 36 months with 
variable adjuvant chemotherapy. Adjuvant chemotherapy 
consisted of GEM or S1 for 13 of 14 NAC+ patients and 16 
of 19 NAC− patients. There were no significant differences 
in the type of adjuvant chemotherapy. The median follow-
up after NAC was 20.5  months (range 3–110  months) 
for all patients and 45  months (range 43–110  months) 
for censored patients. There were no treatment-related 
deaths. Although the NAC+ group had better OS than the 
upfront surgery group, there were no differences in OS 
(p = 0.0982) or DFS (p = 0.1162) between the groups. The 

median OS in the NAC+ and NAC− groups was 21.7 and 
21.1 months, respectively (Fig. 2a, b).

In the subgroup of patients with a tumor diameter less 
than 30  mm, there was a significant difference in the OS 
curve between the NAC+ and NAC− groups (median OS, 
43.9 vs. 23.1  months, p =  0.0321, Fig.  3a) and the NAC 
improved survival (hazard ratio 0.31; 95 % CI 0.11–0.79). 
When we analyzed the prognostic factors for overall sur-
vival in patients with a tumor less than 3 cm, NAC treat-
ment was a significant improving factor in multivariate 
analysis (Table  3, p  =  0.034), implying NAC treatment 
affects overall survival in BRPC with tumor diameter less 
than 3 cm.

Fig. 2   Kaplan–Meier survival 
plots. a Overall survival of the 
NAC+ group (n = 18, solid 
lines) and the NAC− group 
(n = 19, broken lines).  
b Disease-free survival of the 
NAC+ group (n = 15, solid 
lines) and the NAC− group 
(n = 19, broken lines) patients 
who underwent resection. MST 
median survival time

Fig. 3   Kaplan–Meier survival 
plots for tumors smaller than 
30 mm. a Overall survival and 
b disease-free survival of the 
resected NAC+ group (n = 12, 
solid lines) and the NAC− 
group (n = 13, broken lines) 
patients. MST median survival 
time. All 12 NAC+ patients 
with a tumor diameter less than 
3.0 cm underwent resection 
after chemotherapy

Table 3   Prognostic factors for 
overall survival of patients with 
a tumor smaller than 3 cm

Univariate analysis Multivariate analysis

Risk ratio 95 % CI p Risk ratio 95 % CI p

Male 0.92 0.35–2.22 0.858 – – –

>64 y.o. 1.91 0.80–4.71 0.145 – – –

Positive LN status 2.81 1.02–7.48 0.044 1.93 0.73–6.09 0.121

R0 status 0.59 0.24–1.51 0.260 – – –

NAC+ 0.31 0.11–0.79 0.014 0.33 0.11–0.86 0.024
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Although DFS was better in the NAC+ group than in 
the NAC− group (median DFS, 13.9 vs. 5.6 months), the 
difference was not significant (p =  0.0801, Fig.  3b). The 
diameter of the tumor was estimated based on the CE-CT 
images before treatment. When we measured the tumor 
diameter in the resected specimen, there was a good cor-
relation between the diameter estimated by image before 
treatment and that in the resected specimen (R2 = 0.5758, 
p  <  0.0001, Fig.  4a) and a tumor size less than 30  mm 
in the resected specimen was again a significant factor 
for improving the overall survival of the BRPC patients 
given NAC (p =  0.0314, data not shown). However, the 
size reduction in the tumor in the resected specimen ver-
sus the size estimated by CE-CT before treatment was not 
significant.

Types of recurrence in the two groups

In the NAC+ group, the major type of recurrence was dis-
tant metastasis (9 of 13 patients, 69 %). The remaining 4 
patients had local recurrence. In the NAC− group, 8 of 16 
patients (50 %) had distant metastasis. Although the NAC+ 
group had a lower local recurrence rate, this difference was 
not significant (p = 0.292, Fig. 4b).

Discussion

In pancreatic cancer, significant determinants of postopera-
tive survival after upfront surgical resection include nega-
tive margin status (R0), tumor size, and lymphnode status 
[3, 12, 13]. The NCCN defined BRPC as possessing char-
acteristics that make it difficult for R0 status to be achieved; 
for example, a tumor near adjacent vital vessels such as the 

CHA or SMA. In this prospective study, we administered 
three courses of gemcitabine and S-1 concurrently as NAC 
to BRPC patients and compared them with patients who 
underwent upfront surgery in terms of R0 status and sur-
vival benefit. Although the R0 rate was apparently higher 
in the NAC+ group, we could not find any survival benefit 
of NAC. When we examined the subgroup of patients with 
a tumor size less than 30 mm, the NAC+ group had signifi-
cantly longer survival than the NAC− group.

In addition to the survival benefit of the NAC+ patients 
with small tumors, most of the recurrences were as distant 
metastasis in the NAC+ group, which implies R0 status is 
not sufficient for cure in BRPC patients. These results sug-
gest that most BRPC patients on admission have disease 
that is too advanced for curative resection and that NAC 
is most beneficial for BRPC patients with small tumors, 
which represents an earlier stage.

As Table 1 shows, operative time, extent of blood loss, 
morbidity, or the proportion of patients who received adju-
vant chemotherapy did not differ significantly between 
the NAC+ and NAC− groups. In addition, the adverse 
effects of NAC were manageable. Loss of the opportunity 
for surgery due to toxicity was not observed and treat-
ment was completed for all of the patients. Therefore, 
gemcitabine+S-1 treatment in the neoadjuvant setting was 
acceptably safe compared with other gemcitabine-based 
therapies [14–16].

In our study, there were no significant pre-treatment dif-
ferences between the NAC+ and NAC− groups in CA19-9 
and CEA levels, or in tumor size or invasion of the adja-
cent vein. Although a significant reduction in CA19-9 was 
evident after NAC, there was no improvement in the dis-
ease stage. Moreover, two-thirds of the patients did not 
have tumor regression after neoadjuvant treatment (Evans 

Fig. 4   a Correlation between 
the sizes estimated by image 
and those measured from the 
resected specimen. b Sites 
of recurrence in the BRPC 
patients. Recurrence developed 
at distant sites in 69 % of the 
NAC+ group and in 50 % of the 
NAC− group
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I, 9 patients; IIa, 4 patients; IIb, 2 patients; III, 0 patients), 
which is consistent with several studies that reported a 
response rate to concurrent gemcitabine and S-1 chemo-
therapy of approximately 29  % [9]. Thus, there is a dis-
crepancy between the significant reduction in CA19-9 
levels and tumor regression rates. Recent meta-analyses 
show that an increased R0 resection rate and local control 
in advanced pancreatic cancer patients did not translate into 
significantly improved survival [17, 18]. The MD Anderson 
Cancer Center group found that 45 % of patients had recur-
rence in distant organs such as the lung, live, or bone [19], 
indicating the need for effective systemic therapy. Taken 
together, their results and our current findings suggest that 
in addition to improved R0 rates, effective systemic neoad-
juvant treatment is also important for improving survival. 
In this sense, it is possible that neoadjuvant treatment with 
FOLFIRINOX, which is more potent than gemcitabine, 
could improve overall oncologic outcomes. In fact, sev-
eral phase II clinical trials evaluating the potential efficacy 
of neoadjuvant treatment with FOLFIRINOX in BRPC 
patients have been launched [20–22].

Our current study showed that NAC with GS therapy 
improved the survival of BRPC patients with a tumor 
smaller than 30  mm in diameter. These results were 
obtained both in the estimation by CE-CT before treatment 
and that by examination of the tumor specimen. When we 
compared the diameters by both estimations, we found a 
good correlation but could not confirm a significant size 
reduction in the tumor specimen after NAC treatment, 
implying that GS NAC did not strongly contribute to the 
shrinkage of the tumor volume. Rather, GS NAC might 
reduce marginal scattered invasions around major arteries, 
which could improve the R0 rate versus the NAC− group.

One of the potential drawbacks of NAC is that it may 
allow disease to progress to an unresectable stage. In our 
series, three (17  %) patients had radiological evidence of 
tumor progression after neoadjuvant GS treatment and their 
treatment was converted to chemo-radiotherapy or chemo-
therapy after NAC. Similarly, Motoi et al. [23] showed that 
after neoadjuvant GS in resectable and BRPC patients, the 
resection rate was 86 %. Our study of BRPC patients shows 
relatively good results, with a resection rate of 83  % and 
an R0 resection rate of 72 % (based on intention-to-treat), 
which are higher than the R0 rates (52  %) in the NAC− 
group and previous upfront surgery series [24–26]. To 
improve the resection rate in NAC settings, further study, 
especially on chemo-resistance [27], is needed.

In our current study, we defined BRPC as limited to 
SMA or CHA abutment, which is a modification of the 
NCCN guidelines. Multiple definitions of BRPC have 
been proposed, which vary, primarily according to the 
criteria for venous involvement. For example, the MD 
Anderson Cancer Center includes short-segment occlusion 

of the SMV, PV, or their confluence in their definition of 
BRPC [28]. The NCCN adopted venous involvement 
of the SMV/PV involving tumor abutment with or with-
out impringement and narrowing of the lumen, encase-
ment of the SMV/PV, or short-segment venous occlusion 
in their definition [6]. More specifically, Chun et  al. [29] 
proposed Ishikawa type II and III vein deformity as the 
venous involvement criteria for borderline resectability. In 
contrast, there is more consensus on the definition of arte-
rial involvement. In their analysis of 492 pancreatic cancer 
patients, Kelly et al. [8] found no significant difference in 
R0 status according to whether vein resection was per-
formed. Since the main purpose of this study was to exam-
ine the R0 resection rate in the NAC+ group, we limited 
our definition of BRPC to SMA or CHA abutment. The 
impact of the SMV/PV involvement on BRPC is still being 
debated, and the impact of NAC on BRPC with SMV/PV 
involvement should be examined in the future, once con-
sensus is reached.

One of the limitations of this study is the small number 
of subjects. During this study, we found good R0 rates, but 
OS and DFS for BRPC patients overall was not satisfac-
tory. Therefore, we switched the NAC regimen for BRPC 
patients to neoadjuvant chemo-radiotherapy (NACRT) after 
2011. Several promising results have been reported recently 
for BRPC patients with NACRT [30, 31]. For patients with 
potentially resectable pancreatic cancer, we are currently 
participating in a multi-institutional phase II/III GS-NAC 
study.

In conclusion, NAC consisting of concurrent gemcit-
abine and S-1, which can be safely achieved, improves the 
R0 resection rate. Specifically, it prolongs OS in BRPC 
patients with tumors smaller than 30 mm in size. The find-
ings of this study suggest that GS-NAC should be used 
in the treatment of pancreatic cancer patients with earlier 
stage disease, such as those with potentially resectable 
tumors.
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