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Abstract
There has been a pressing need to develop optimal regimen for neoadjuvant chemotherapy (NAC) for pancreatic cancer (PC). 
The safety and efficacy of gemcitabine, S-1, and LV combination (GSL) therapy as NAC for borderline resectable (BR) 
and locally advanced (LA) PC was evaluated in this phase II study. Patients with pathologically proven BR or LA PC were 
enrolled and gemcitabine 1000 mg/m2 by 30-min infusion on day 1, S-1 40 mg/m2 orally twice daily, and LV 25 mg orally 
twice daily on days 1–7 every 2 weeks were provided, and evaluation by CT every 2 courses was performed. The primary 
end point was R0 resection rate, and the secondary endpoints were resection rate, response rate, adverse events, surgical 
outcomes, and survival. Twenty-four patients with PC (21 BR and 3 LA) were enrolled. Response rate and disease control 
rate of NAC were 17.4 and 87.0%. Grade 3 and 4 toxicities involved neutropenia (34.8%), anorexia (17.4%), and mucositis 
(17.4%). Serum CA19-9 level decreased by 52.2%. Resection rate was 60.9% after the median of 4 cycles and R0 resection 
rate was 76.5% in patients undergoing laparotomy. NAC-GSL is a feasible treatment option for BR and LAPC.
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Introduction

Pancreatic cancer (PC) is the fourth leading cause of cancer 
death in Japan. Although surgical resection is the only cure, 
only 20% of patients are surgical candidates, and the overall 
5-year survival rate is less than 5% [1]. In patients with met-
astatic PC, the prognosis is quite poor with median overall 
survival (OS) less than 12 months despite the advancement 
of intensive chemotherapy [2–6]. Even in resectable PC, 
median OS is only 2 years due to a high recurrence rate [7].

Recently, the criteria of resectability status are widely 
used for the management of PC [8], and borderline resect-
able PC (BRPC), an intermediate category between resect-
able and locally advanced PC (LAPC), is defined as cancer 
with tumors involving the two vascular systems of the arte-
rial axis and the portal vein or the superior mesenteric vein. 
Patients with BRPC and LAPC who received upfront sur-
gery could have poor survival for two reasons: Early recur-
rence due to occult metastases and a low completion rate of 
adjuvant chemotherapy after invasive pancreatic resection. 
Therefore, neoadjuvant chemotherapy (NAC) is intensively 
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investigated to overcome these hurdles but there is no stand-
ard regimen of NAC for PC. Since our previous phase I trial 
of gemcitabine, S-1 and LV (GSL) therapy for advanced PC 
[9] showed that the response rate and the disease control rate 
were 33 and 93% and the median OS was 16.6 months, we 
conducted this phase II trial of neoadjuvant chemotherapy of 
GSL (NAC-GSL) for borderline resectable PC with arterial 
involvement (BR-A PC) and LAPC.

Materials and methods

Eligibility

Potentially eligible patients with PC underwent a pancreas 
protocol CT including chest and pelvis, and the images 
were reviewed at our multidisciplinary conference consist-
ing of surgeons, radiologists, and medical oncologists. The 
tumor was staged based on CT according to our institution’s 
definition that was modified from resectability guidelines 
of National Comprehensive Cancer Network (Table 1) [8]. 
Patients with BR-A PC or LAPC who fulfilled the following 
inclusion and exclusion criteria were enrolled in the study 
after written informed consent was obtained.

Inclusion criteria were as follows: (1) histologically or 
cytologically proven pancreatic adenocarcinoma; (2) bor-
derline resectable PC with arterial involvement or locally 
advanced PC based on our resectability criteria (Table 1); 
(3) no prior treatment for PC; (4) ECOG performance sta-
tus of 0–2; (5) age ≥ 20 years; (6) adequate organ function, 
as indicated by white blood cell count ≥ 3000/mm3, abso-
lute neutrophil count ≥ 1500/mm3, hemoglobin ≥ 9.0  g/
dl, platelet count ≥ 1,00,000/mm3, total bilirubin ≤ 3 
times the upper limit of normal (ULN), aminotransferase 
and alanine aminotransferase levels ≤ 5 times ULN, 
serum creatinine level ≤ 1.5 times ULN; (7) expected life 

expectancy > 2 months. The exclusion criteria were as fol-
lows: (1) severe comorbidities such as active infection, car-
diac or renal disease, marked pleural effusion, or ascites; (2) 
active gastrointestinal bleeding; (3) active interstitial pneu-
monitis; (4) severe drug hypersensitivity; (5) active con-
comitant malignancy; and (6) pregnant or lactating women.

Study design and endpoints

This study was an open-label, single-arm phase II study to 
evaluate the safety and efficacy of GSL therapy for BR-A 
PC and LAPC in a single center. The primary end point 
was R0 resection rate. Secondary endpoints were adverse 
events of NAC-GSL, tumor response, resection rate, surgical 
outcomes, recurrence rate and recurrent sites, relapse-free 
survival (RFS), and OS. The study protocol was approved 
by the institutional review board of the University of Tokyo 
Hospital. Written informed consent was obtained from all 
patients. This study is registered at UMIN Clinical Trials 
Registry (UMIN000012480).

Treatment protocol

Patients were treated with intravenous gemcitabine 1000 mg/
m2 over 30 min on day 1, and S-1 40 mg/m2 and LV 25 mg 
administered orally twice a day from days 1–7 for NAC. 
Each cycle was repeated every 2 weeks. If grade 3 or higher 
hematological toxicity, serum aspartate aminotransferase or 
alanine aminotransferase ≥ 5 ULN, serum total bilirubin ≥ 3 
ULN, or serum creatinine ≥ 3 ULN was observed, dose 
reduction by 10 mg/m2 of S-1 or 200 mg/m2 of gemcitabine 
was recommended. In cases of toxicities specifically attrib-
utable to S-1 i.e., mucositis or diarrhea, the dose of S-1 was 
reduced. The dose of LV was fixed.

Table 1  Resectability criteria in The University of Tokyo Hospital

a Short segment; 30 mm or less
CHA common hepatic artery, SMA superior mesenteric artery, CA celiac artery, SMV superior mesenteric vein, PV portal vein

Resectability Status Tumor-vessel relationship

SMA CA CHA PV/SMV

Resectable (all required) No arterial tumor contact No tumor contact with SMV or PV or 
≤ 180° contact without vein contour 
irregularity

Borderline (at least 1 criteria required) Solid tumor contact ≤ 180° Abutment or short segment 
 encasementa

Solid tumor contact with the SMV or PV 
with contour irregularity of the vein or 
thrombosis of the vein but allowing for 
safe and complete resection and vein 
reconstruction

Locally advanced (potentially oper-
able) (at least 1 criteria required)

Solid tumor contact > 180° with 
short segment  encasementa

Locally advanced (unresectable) (at 
least 1 criteria required)

Solid tumor contact > 180° with 
long segment  encasementa

Long segment  encasementa Unreconstructable SMV/PV due to 
tumor involvement or occlusion
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Response and toxicity assessment

Physical examination including blood pressure, complete 
blood count with differential, electrolyte levels with cre-
atinine, and liver function tests were measured before 
study entry, on days 1, 8, and 15 of the first cycle and 
on day 1 of the subsequent cycles. Carbohydrate antigen 
19-9 (CA19-9) was assessed on day 1 of every 2 cycles. 
Tumor response was assessed by CT scan every 2 cycles, 
using RECIST 1.1 [10]. Toxicity was evaluated using NCI-
CTCAE 4.0 [11].

Surgery and adjuvant chemotherapy

Pancreatic protocol CT was performed every two cycles 
of NAC and was re-evaluated at our multidisciplinary 
conference. When CT demonstrated tumor response with 
improvement of vascular encasement or abutment, surgi-
cal resection was recommended. In cases with new distant 
metastasis or local disease progression, the study proto-
col was discontinued and second line chemotherapy was 
administered.

Laparotomy was done at least two weeks after the last 
administration of chemotherapy. Surgical resection was 
done unless there was any distant metastasis or unresect-
able local cancer invasion. Pathological response was 
evaluated according to the Evans classification [12].

Adjuvant chemotherapy using gemcitabine (1000 mg/
m2, day 1, 8, 15, every 4 weeks) or S-1 (40 mg/m2, day 
1–28, every 6 weeks) for 6 months was conducted in 
patients undergoing surgical resection.

Statistics

The primary measure of efficacy was the R0 resection rate. 
The threshold rate was 40%, and the expected rate was set 
at 70% [13]. If the R0 resection rate was 70%, a sample size 
of 24 patients would ensure a power of at least 90% at a one-
sided significance level of 2.5% and assume a 5% dropout 
rate attributable to ineligibility.

RFS, PFS, and OS were calculated using the 
Kaplan–Meier method. RFS was calculated from the day of 
surgery to the date of recurrence. PFS was defined as time 
from chemotherapy for recurrence to disease progression. 
OS was defined as time from the introduction of NAC to the 
final follow-up or until death from any cause. All statistical 
analysis was performed using the JMP ®11(SAS Institute 
Inc., Cary, NC, USA).

Results

Patient characteristics

Of 24 patients enrolled between January 2014 and December 
2016, 23 patients were eligible for the study protocol. One 
patient was excluded from the analysis because active con-
comitant malignancy was diagnosed prior to the introduction 
of GSL therapy (Fig. 1).

Patient characteristics are shown in Table 2. Resectability 
state at diagnosis was BR-A in 20 cases (87.0%) and LA in 
3 cases. The median primary tumor size was 25 mm. The 
median pretreatment CA19-9 was 205.0 IU/l.

Fig. 1  Patient flowchart
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Safety of neoadjuvant chemotherapy

The median number of cycles delivered was 4 (range 2–14) 
cycles. Grade 3 and 4 adverse events developed in 8 cases 
(34.8%). Details of adverse events are shown in Table 3. 
The major grade 3 and 4 adverse events were neutropenia, 
anorexia, and mucositis, which were observed in 4 cases 
(17.4%). Dose reduction was necessary in 10 cases (43.5%). 
Adverse events were manageable after dose reduction and 
discontinuation of GSL therapy due to toxicity was unnec-
essary. No toxicity-related death was observed during the 

preoperative period. Mean relative dose intensity of gemcit-
abine and S-1 during the first 4 cycles were 98.1 and 95.2%, 
respectively.

Efficacy of neoadjuvant chemotherapy

Treatment flowchart is shown in Fig. 1. Two cases did not 
complete NAC: one case withdrew consent and one had trau-
matic cerebral hemorrhage unrelated to NAC. In addition, 
4 cases were diagnosed as unresectable during NAC due to 
disease progression: 2 distant metastasis and 2 local disease 
progression.

Tumor response by RECIST criteria was partial response 
(PR) in 4 and stable disease (SD) in 16 patients. No radio-
logical complete response (CR) was observed. As a result, 
the response rate was 17.4% and the disease control rate 
was 87.0%. At the time of treatment decision, either surgi-
cal resection or unresectability, the median shrinkage rate 
of primary tumor was 20.0% (range − 35.0 to 57.9%, Sup-
plement Fig. 1). The median rate of CA19-9 decrease was 
52.2% (range − 193.8 to 96.9%).

Surgical and pathological outcomes

Seventeen cases (70.8%) who were considered as surgical 
candidates at our multidisciplinary conference proceeded 
to laparotomy. Three cases were diagnosed as unresectable 
at laparoscopy: 2 distant metastasis and 1 severe vascular 
invasion. As a result, surgical resection was completed in 
14 cases (60.9%). Surgery involved standard or subtotal 
stomach-preserving pancreaticoduodenectomy in 7 patients 
(50.0%), distal pancreatectomy in 4 (23.5%), distal pancrea-
tectomy with celiac artery resection in 2 (14.3%), and total 
pancreatectomy in one (7.1%). Overall perioperative com-
plication rate was 42.9%, including postoperative pancreatic 
fistula grade B or C (n = 6) and delayed gastric emptying B 
or C (n = 3). There were no patient deaths within 30 days 
postoperatively and the median length of hospital stay was 
25 days (range 16–130).

Thirteen out of 14 patients underwent an R0 resection and 
the remaining 1 patient underwent an R1 resection. The R0 
resection rate was 76.5% (13/17) among those who under-
went laparotomy and 56.5% (13/23) per protocol. Pathologi-
cal response was grade 1B in 10 cases (71.4%) and grade 2 
in 4 cases (28.6%).

Survival

Among 14 cases undergoing surgical resection, 11 cases 
received adjuvant chemotherapy: 2 received gemcitabine 
and 9 received S-1. During the median follow-up time of 
13.8 (range, 6.0-37.5) months after surgical resection, 8 
cases (57.1%) developed recurrence: 3 local recurrence and 

Table 2  Patient characteristics

Numbers are shown in n (%) or median (range)
CA19-9 carbohydrate antigen 19-9, NLR neutrophil/lymphocyte ratio, 
PLR platelet/lymphocyte ratio, mGPS modified Glasgow prognostic 
score

N = 23

Age 66 (49–81)
Gender, male/female 12/11 (52.2/47.8%)
ECOG performance status 0 15 (65.2%)
Tumor location, head 11 (45.8%)
Resectability, BR-A/LA 20/3 (87.0/13.0%)
Tumor size, mm 25 (15–50)
Biliary drainage, yes 6 (30.4%)
Baseline CA19-9, IU/l 205 (1–5420)
Baseline NLR 2.4 (0.9–6.4)
Baseline PLR 181.5 (77.7–249.2)
Baseline mGPS 0 13 (56.5%)

Table 3  Adverse events of GSL therapy

Numbers are shown in n (%)

All grades Grade 3–4

Hematological
 Neutropenia 13 (56.5%) 8 (34.8%)
 Thrombocytopenia 5 (21.7%) 0
 Anemia 5 (21.7%) 0

Non-hematological
 Liver disorder 0 0
 Fatigue 2 (8.7%) 0
 Skin rash 9 (39.1%) 2 (8.7%)
 Anorexia 13 (56.5%) 4 (17.4%)
 Diarrhea 5 (21.7%) 1 (4.3%)
 Constipation 0 0
 Mucositis 15 (65.2%) 4 (17.4%)
 Nausea 5 (21.7%) 3 (13.0%)
 Vomiting 0 0
 Febrile neutropenia 0 0
 Interstitial pneumonia 0 0
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5 distant metastasis (Fig. 2). The median RFS was 9.3 [95% 
confidential interval (CI) 6.3–10.6] months (Fig. 3). Among 
8 recurrences, 3 cases (21.4%) developed early (< 6 months) 
recurrence. Palliative chemotherapy after recurrence was 
administered in 7 cases: Gemcitabine plus nab-paclitaxel 
in 3, FOLFIRINOX in 1, gemcitabine monotherapy in 2. 
The median progression-free survival of chemotherapy after 
recurrence was 11.4 (95% CI 10.0–20.5) months.

The median OS was 21.9 (95% CI 17.2–NA) months in 
the total cohort (n = 24) with 1 and 2-year survival rates of 
82.3 and 45.8%, respectively. In the surgically resected cases 
(n = 17), 1 and 2-year survival rates were 87.5 and 54.7%.

Early recurrence after surgery

Among 14 surgically resected cases, 3 cases developed early 
(< 6 months) recurrence after R0 resection in 2 cases and R1 
resection in 1 case. According to CA19-9 response at surgi-
cal resection, the median rate of CA19-9 decrease was 47.3% 
(range 23.9–64.2%) in early recurrence cases and 83.3% 
(range 0–96.9%) in non-early recurrence cases (p = 0.24).

Discussion

The present phase II trial of NAC-GSL demonstrated 
acceptable safety and favorable R0 resection rate (76.5%) 
in patients BR and UR PC. In the surgically resected cases, 

the median OS has not reached to data and 1- and 2-year 
survival rates were promising (87.5 and 54.7%).

Although FOLFIRINOX and gemcitabine plus nab-
paclitaxel are established as a standard chemotherapy for 
metastatic PC, safety and efficacy of those combination 
chemotherapies as NAC have not been proved in patients 
with resectable or potentially resectable PC [14–19]. In a 
pooled analysis of three RCTs, gemcitabine and S-1 com-
bination therapy was shown to prolong OS compared to 
gemcitabine in LAPC, which suggested the role of this 

Fig. 2  Postoperative course

Fig. 3  A Kaplan–Meier curve of relapse-free survival in 14 surgically 
resected cases
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combination chemotherapy as NAC for PC [20]. Recently, 
the addition of LV to S-1 is shown to improve efficacy in 
gastric or colorectal cancer [21, 22]. The addition of LV 
has also been investigated in gemcitabine-refractory pan-
creatic cancer [23] and we previously reported a phase I 
trial of GSL combination therapy for advanced PC includ-
ing LAPC [9]. Given the encouraging results of our phase 
I trial of GSL, we conducted this phase II trial of GSL as 
NAC for BR and LAPC.

Safety of NAC for potentially resectable PC is as 
important as efficacy to complete surgical resection. In 
our phase II trial, neutropenia (34.8%) was the major grade 
3–4 adverse event, which was no more than those seen in 
FOLFIRINOX of ACCORD 11 trial [14] and gemcitabine 
plus nab-paclitaxel of MPACT trial [15]. Zhan reported 
in a meta-analysis of NAC in PC that the estimated rate 
of grade 3–4 adverse event was 11.3% (12.3% in com-
bination therapy group and 6.7% in mono-chemotherapy 
group) [24]. This adverse event rate was lower than that 
of GSL therapy but FOLFIRINOX or gemcitabine plus 
nab-paclitaxel, the standard regimens for metastatic PC 
were not included in the combination therapy group of 
the meta-analysis. Grade 3 or 4 mucositis was also char-
acteristic of GSL therapy, which is probably attributable to 
the addition of LV to S-1. However, those adverse events 
were manageable by dose reduction and neither treatment-
related death nor abandonment of surgical resection due to 
adverse events of GSL therapy was observed in our study.

A combination of GSL achieved the R0 resection rate 
of 76.5% among those who underwent laparotomy. This 
rate appeared reasonably high because only BR-A PC and 
LAPC were included in this study. However, inter-study 
comparison is difficult because the inclusion criteria are 
different between studies. Despite a relatively high R0 
resection rate, pathological response was not remarkable: 
Grade 1B in 71.4% and grade 2 in 28.6%. This low patho-
logical response might be due to the short duration of NAC 
or the lack of radiation therapy in our study. In this proto-
col, the minimum durations of NAC were 1 month. Since 
this study was a pilot study and no RCTs have proved the 
superiority of NAC over upfront surgery so far, we tried 
to avoid disease progression during NAC and to lose the 
opportunity to undergo curative surgery. Therefore, we 
considered surgical resection if tumor response on CT 
showed the possibility of curative resection. This strat-
egy might make the duration of NAC short as opposed 
to the continuation of NAC as long as possible in cases 
with tumor response. On the other hand, assessment of 
pathological response is still controversial though there 
exist some criteria for pathological response after NAC 
[25–27]. Therefore, an ideal surrogate endpoint for NAC 
in PC should be clarified to promote more clinical trials 
and to allow inter-study comparisons.

Despite a relatively high R0 resection rate, 21.4% of 
patients develop early recurrence within 6 months after 
surgery. Two major roles of NAC are to achieve R0 resec-
tion and to select patients who will benefit from invasive 
pancreatic resection. A Japanese multicenter retrospective 
analysis suggested that conversion surgery would benefit in 
patients receiving preoperative chemotherapy or chemoradi-
ation therapy for longer than 6 months [28]. Meanwhile, the 
median duration of NAC was only 2 months in our study. To 
reduce early recurrence after pancreatic resection, a longer 
duration of NAC might be appropriate but no prospective 
studies have shown an ideal duration of neoadjuvant treat-
ment so far. In addition to CT evaluation, tumor marker 
response might be helpful to select surgical candidates dur-
ing neoadjuvant treatment [29]. In our study, cases with 
CA19-9 decrease > 64.2% did not develop early recurrence 
after surgical resection. CA19-9 response is a well-known 
prognostic marker in advanced PC [30–33] and can poten-
tially be a useful marker during NAC for PC.

Among 14 cases undergoing surgical resection, 11 cases 
received adjuvant chemotherapy. While ESPAC-4 suggested 
gemcitabine and capecitabine as the standard adjuvant regi-
men for PC [34], in Japan S-1 is the standard of care regi-
men according to the results of JASPAC 01 trial [35]. In our 
trial, most of patients (81.8%) received adjuvant S-1 and 
2 patients received adjuvant gemcitabine who experienced 
Grade 3–4 mucositis during NAC-GSL.

There are some limitations to this study. First, this trial 
was a single arm study without a control group. There are 
no current standard criteria of NAC for PC and a variety of 
inclusion criteria exist from resectable to locally advanced 
PC. Therefore, the inter-study comparisons are impossible 
in terms of efficacy of different chemotherapeutic regimens 
or different strategies (neoadjuvant chemotherapy versus 
chemoradiation therapy or neoadjuvant treatment versus 
upfront surgery) and the only solution is to conduct a pro-
spective randomized controlled trial. Second, the follow-
up period of 12.0 months was too short to evaluate overall 
survival. Although an R0 resection rate is often used as a 
surrogate endpoint in NAC, the primary purpose of NAC is 
to prolong survival when compared to upfront surgery. The 
longer follow-up is necessary to evaluate the efficacy of GSL 
in terms of survival.

Conclusions

NAC-GSL for BR-A PC and LAPC was feasible with accept-
able toxicities. An R0 resection rate of 76.5% was achieved 
after the median of 4 courses of NAC-GSL. Early recur-
rence still remains as a hurdle after successful surgical resec-
tion but GSL can be a candidate for NAC in borderline and 
locally advanced PC.
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