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Summary
Purpose Our previous phase I trial suggested feasibility of addition of leucovorin (LV) to S-1 and gemcitabine therapy in
advanced pancreatic cancer. The aim of this phase II trial was to assess the efficacy and toxicity of gemcitabine, S-1 and LV
(GSL) combination therapy for advanced pancreatic cancer. Methods Chemotherapy-naïve patients with histologically or cyto-
logically proven advanced pancreatic cancer were enrolled. Gemcitabine was administered at a dose of 1000 mg/m2 by 30 min
infusion on days 1, S-1 40 mg/m2 orally twice daily and LV 25 mg orally twice daily on days 1 to 7 every 2 weeks. Primary end
point was progression free survival (PFS). Results A total of 49 patients with advanced pancreatic cancer (19 locally advanced
and 30 metastatic) were enrolled. Overall response rate and disease control rate were 32.7% and 87.8%. The median PFS and
overall survival (OS) were 10.8 (95% confidence interval [CI], 7.4–13.5) and 20.7 (95% CI 13.0-NA) months with 1-year
survival rate of 73.4%. Major Grade 3–4 toxicities were neutropenia (22.4%) and stomatitis (14.3%). No toxicity related death
was observed. Conclusions In this single center, phase II trial, gemcitabine, S-1 and LV combination therapy was tolerable and
can potentially be a treatment option for advanced pancreatic cancer.
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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%. In patients with metastatic PC, the prognosis
is quite poor with median overall survival (OS) less than
12 months despite the advancement of intensive chemotherapy.

Recently, FOLFIRINOX and nab-paclitaxel plus gemcitabine
compared with gemcitabine alone, showed significantly
prolonged survival, [1, 2] at the cost of increased toxicity. In

some clinical trials, a modified regimen of FOLFIRINOX
showed improved safety profile while maintaining efficacy. [3,
4] In a first prospective study of modified FOLFIRINOX for
metastatic pancreatic cancer in Asia, [5] overall adverse events
were reduced but the rate of grade 3–4 neutropenia was still as
high as 47.6%.

We previously reported a phase I trial of gemcitabine, S-1 and
LV (GSL) therapy for advanced PC,which showed a good tumor
response (response rate and disease control rate of 33% and 93%)
with acceptable toxicity. [6] The median OS of 16.6 months in
this study appeared also promising, though the number of cases
was small. Therefore, we conducted this phase II trial for
unresectable PC to further evaluate safety and efficacy of GSL.

Patients and methods

Eligibility

Inclusion criteria were as follows: (1) histologically or cyto-
logically proven pancreatic adenocarcinoma; (2) locally
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advanced or metastatic disease; (3) no prior treatment for PC;
(4) ECOG performance status of 0–2; (5) age ≥ 20 years; (6)
adequate organ function, as indicated by white blood cell
count ≥3000/mm3, absolute neutrophil count ≥1500/mm3, he-
moglobin ≥9.0 g/dl, platelet count ≥100,000/mm3, total bili-
rubin ≤3 times the upper limit of normal (ULN), aminotrans-
ferase and alanine aminotransferase levels ≤5 times ULN,
serum creatinine level ≤ 1.5 times ULN; (7) expected life ex-
pectancy >2 months. The exclusion criteria were as follows:
(1) severe comorbidities such as active infection, cardiac or
renal disease, marked pleural effusion, or ascites; (2) active
gastrointestinal bleeding; (3) active interstitial pneumonitis;
(4) severe drug hypersensitivity; (5) active concomitant ma-
lignancy; and (6) pregnant or lactating women.

Study design and endpoints

This study was an open-label, single center, single-arm phase
II study to evaluate the safety and efficacy of GSL therapy for
unresectable pancreatic cancer. The primary endpoint was
progressive free survival (PFS). Secondary endpoints were
adverse events of GSL, tumor response 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 (UMIN000010678).

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. Each cycle
was repeated every 2 weeks. If grade 3 or higher hematolog-
ical toxicity, serum aspartate aminotransferase or alanine ami-
notransferase ≥5 ULN, serum total bilirubin ≥3 ULN, or se-
rum creatinine ≥3 ULN was observed, dose reduction by
10 mg/m2 of S-1 or 200 mg/m2 of gemcitabine was recom-
mended. In cases of toxicities specifically attributable to S-1
i.e., stomatitis or diarrhea, the dose of S-1 was reduced. The
dose of LV was fixed.

Response and toxicity assessment

Physical examination including blood pressure, complete
blood count with differential, electrolyte levels with creati-
nine, and liver function tests were measured before study en-
try, 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. [7]
Toxicity was evaluated using NCI-CTCAE 4.0. [8]

Statistics

The primary measure of efficacy was PFS. The threshold
PFS was 3.5 months, and the expected PFS was set at
5.5 months. If the PFS was 5.5 months, a sample size of
49 patients would ensure a power of at least 80% at a one-
sided significance level of 2.5% and assume a 5% dropout
rate attributable to ineligibility.

PFS and OS were calculated using the Kaplan-Meier
method. PFS was defined as time from the start of treat-
ment to the date of either disease progression or death or
censored at last follow-up. OS was defined as time from
the time from chemotherapy to the final follow-up or until
death from any cause. All statistical analysis was per-
formed using the JMP ®11(SAS Institute Inc., Cary,
NC, USA).

Results

Patient characteristics

Of 49 patients enrolled between April 2013 and
March 2017, all patients were eligible for the study pro-
tocol (Fig. 1). Patient characteristics are shown in
Table 1. Tumor staging at diagnosis was locally ad-
vanced in 19 cases (36.7%) and metastatic in 30 cases.
The sites of metastasis were liver (36.7%), lung (14.3%)
and peritoneum (8.2%). The median primary tumor size
was 43.0 mm and the primary tumor site was the head of
pancreas in 55.1%. The median pretreatment CA19–9
was 494.0 IU/L.

Enrollment

n = 49 (Locally 19, Metastatic 30)

GSL combination therapy

n = 49

Disease progression n = 31

Unacceptable toxicities n = 4

Deteriorated general condition n = 6

Consent withdrawn n = 3

Others n = 3

Conversion surgery n = 2

- Total pancreatectomy

- Pancreaticoduodenectomy

Fig. 1 Patient flowchart
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Adverse events

The median number of cycles delivered was 16 (range, 1–
80) cycles. Grade 3 and 4 adverse events developed in 11
cases (22.4%). Details of adverse events are shown in
Table 2. The major grade 3 and 4 adverse events were
neutropenia (22.4%) and stomatitis (14.3%). We intro-
duced oral health care prior to GSL treatment in January
2014 and the rate of grade 3 and 4 stomatitis decreased
from 21.7% to 7.7%. Febrile neutropenia occurred in 2
cases (4.1%). Dose reduction was necessary in 24 cases
(49.0%) but adverse events were manageable after dose
reduction in most cases. Treatment discontinuation of
GSL therapy due to toxicity was in 4 cases (stomatitis in

2, anorexia in 1, interstitial pneumonia in 1), though. No
toxicity-related death was observed.

Efficacy

Tumor response by RECIST criteria was partial response
(PR) in 16 and stable disease (SD) in 27 cases. No radio-
logical complete response (CR) was observed. As a result,
the response rate was 32.7% and the disease control rate
was 87.8%. The response rates in locally advanced and
metastatic diseases were 26.3% and 36.7%, and disease
control rates of locally advanced and metastatic diseases
were 94.7% and 83.3%, respectively. During GSL therapy,
the median shrinkage rate of primary tumor was 33.8%
(range, −40.0-98.7%, Fig. 2a). The median shrinkage of
primary tumor and metastatic site was 22.5% (range,
−40.0-98.8%, Fig. 2b). Conversion surgery was performed
in 2 out of 19 locally advanced cases. The reasons for
treatment failure were disease progression in 31, unaccept-
able toxicities in 4, deteriorated general conditions in 6,
consent withdrawn in 3 and others in 3.

The median PFS was 10.8 (95% confidential interval [CI],
7.4–13.5) months (Fig. 3). The median OS was 20.7 (95% CI,
13.0-NA) months (Fig. 4) with the 1-year survival rate of
73.4%. The median PFS of locally advanced and metastatic
diseases was 12.7 (95% CI, 8.0–24.6) and 7.6 (95% CI, 5.6–
11.0) months, and the median OS of locally advanced and
metastatic diseases was 26.1 (95% CI, 18.3-NA) and 18.8
(95% CI, 10.0-NA) months, respectively.

CA19–9 and outcome

CA19–9 response at 8 weeks was evaluated in 33 cases whose
CA19–9 level at baseline was beyond the upper limit of nor-
mal. Serum CA19–9 level decreased by ≥25% at 8 weeks in 21
cases (65.6%). The PFS was significantly longer in cases with

Table 1 Patient characteristics
N = 49

Age 68 (44–84)

Gender, male / female 34 / 15 (69.4% / 30.6%)

ECOG Performance Status 0 26 (53.1%)

Tumor location, head 27 (55.1%)

Disease extension: Locally advanced / metastatic 19 (38.8%)/ 30 (61.2%)

Metastatic sites

Liver 19 (36.7%)

Lung 7 (14.3%)

Peritoneum 4 (8.2%)

Tumor size, mm 43 (12–120)

Pre CA19–9, IU/L 494 (1–792,500)

Numbers are shown in n (%) or median (range)

CA19–9, carbohydrate antigen 19–9

Table 2 Adverse events of GSL therapy

All grades Grade 3–4

Hematological

Neutropenia 20 (40.8%) 11 (22.4%)

Thrombocytopenia 8 (16.3%) 0

Anemia 18 (36.7%) 4 (8.2%)

Febrile neutropenia 2 (4.1%) 2 (4.1%)

Non-hematological

Fatigue 6 (12.2%) 2 (4.1%)

Skin rash 14 (34.7%) 3 (6.1%)

Anorexia 20 (40.8%) 3 (6.1%)

Diarrhea 12 (24.5%) 4 (8.2%)

Stomatitis 24 (49.0%) 7 (14.3%)

Nausea 5 (10.2%) 1 (2.0%)

Vomiting 1 (2.0%) 0

Hepatobiliary disorder 2 (4.1%) 2 (4.1%)

Interstitial Pneumonia 1 (2.0%) 1 (2.0%)

Numbers are shown in n (%)
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CA19–9 response:11.0 (95%CI, 7.3–24.6) months vs. 7.4
(95%CI, 2.3–7.8) months in cases with and without CA19–9
response (p = 0.01). The median OS was also significantly lon-
ger in patients with CA19–9 response: 26.8 (95%CI, 12.2-NA)
months vs. 12.8 (95%CI, 5.1–20.0) months in cases with and
without CA19–9 response, (p = 0.03).

Second line therapy

A second line chemotherapy was administered in 28 cases.
The second line regimens were as follows: nab-paclitaxel plus
gemcitabine in 12, gemcitabine and S-1 in 6, FOLFIRINOX
or modified FOLFIRINOX in 6, CPT-11 in 2, and others in 2.

Fig. 2 Waterfall plot of maximum shrinkage in primary tumor (a) and waterfall plot of maximum shrinkage in primary tumor and metastatic site (b)
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The median PFS of second line chemotherapy was 7.8
(95%CI, 5.4–9.9) months.

Discussion

Since addition of S-1 to gemcitabine in unresectable pancre-
atic cancer demonstrated a higher response rate and longer
PFS, [9–12] further addition of LV can potentially enhance
antitumor effects and prolong PFS and OS. The addition of
LV to S-1 was first reported in colorectal cancer, [13] and was
investigated in advanced pancreatic cancer and demonstrated
promising efficacy for gemcitabine-refractory pancreatic can-
cer. [14] Our previous phase I trial of GSL confirmed a rec-
ommended dose of GSL in advanced pancreatic cancer. [6]
and the present phase II trial of GSL demonstrated acceptable
safety and favorable PFS (10.8 months) and OS (20.2 months)
in advanced pancreatic cancer.

While intensive chemotherapy such as FOLFIRINOX and
nab-paclitaxel plus gemcitabine are the standard chemotherapy
in patients with metastatic pancreatic cancer, the incidence of
severe neutropenia and febrile neutropenia was higher than that
in patients received gemcitabine alone. A modified regimen of
FOLFIRINOX inmetastatic pancreatic cancer was evaluated in a
prospective multicenter study, which demonstrated a maintained
efficacy and an improved safety. [5] Despite the improved safety
of modified FOLFIRINOX, the incidence of grade 3–4 neutro-
penia was as high as 47.8%. On the other hand, the incidence of
grade 3–4 neutropenia of GSL combination therapy were 22.4%
and febrile neutropeniawas observed in only 2 case (4.1%) in our
study cohort. In addition to neutropenia, major severe toxicity of
GSL was stomatitis. Stomatitis was representable toxicities of S-
1 and the increased rate of stomatitis by the addition of LV to S-1
was previously reported, too. [13] It is suggested an oral health
care can potentially reduce the risk of chemotherapy-induced oral
stomatitis. [15] We introduced pretreatment oral health care by
dentists, which effectively decreased stomatitis (21.7% to 7.7%).
While peripheral neuropathy is one of the common adverse
events of nab-paclitaxel plus gemcitabine [2] and
FOLFIRINOX [1], it was not observed in our study cohort. In
cases with severe peripheral neuropathy, a sequential use of nab-
paclitaxel plus gemcitabine and FOLFIRINOX is not clinically
acceptable due to the impaired quality of life. Given the different
profile of adverse events, GSL can be a treatment option because
it can be safely administered sequentially with nab-paclitaxel
plus gemcitabine or FOLFIRINOX. In our study cohort, those
regimens were administered in 18 out of 28 cases who received
second line treatment.

In Japan, gemcitabine and S-1 were two key drugs in the
treatment of pancreatic cancer and had been widely used in
clinical practice until the introduction of FOLFIRINOX or
nab-paclitaxel. Three randomized control studies were con-
ducted to evaluate gemcitabine and S-1 vs. gemcitabine
alone including our study. [9–11] While PFS and OS of
gemcitabine and S-1 combination were 5.4 and 13.5 months
in GEMSAP study, PFS and OS of GSL therapy were 10.8
and 20.7 months, respectively, in this trial. In a pooled anal-
ysis of three randomized controlled trials, [12] gemcitabine
and S-1 combination therapy was shown to prolong OS
compared to gemcitabine alone in locally advanced pancre-
atic cancer: 16.41 vs. 11.83 months. Recently, the role of
conversion surgery for locally advanced pancreatic cancer
was explored [16] and neoadjuvant chemotherapy (NAC)
for borderline resectable pancreatic cancer has been increas-
ingly utilized in clinical practice, too. [17, 18] We have
conducted another phase II trial of GSL in cases with bor-
derline resectable pancreatic cancer and reported promising
results with R0 resection rate of 76.5%. [19] In this study
cohort of 19 unresectable locally advanced pancreatic can-
cer, conversion surgery was performed in 2 cases. So far,
there is no established regimen for borderline resectable or
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locally advanced pancreatic cancer as NAC and we believe
GSL can be a treatment option.

The role of CA19–9 for predicting treatment outcomes in
unresectable pancreatic cancer has been reported. [20–22] In
our trial, the decrease of CA19–9 from baseline at 8 weeks
was independently associated with PFS and OS and can be
useful for early prediction of treatment efficacy.

There are some limitations in our study. First, this
was a single center study without a control group.
While our study results appeared comparable to or even
better than those of FOLFIRINOX or nab-paclitaxel plus
gemcitabine, the inter-study comparison is impossible.
Second, a longer OS can be attributable to the effective-
ness of second line chemotherapy. Both FOLFIRINOX
and nab-paclitaxel plus gemcitabine were available as a
treatment option after GSL failure and a median PFS of
7.8 months was relatively long in the settings of second
line chemotherapy for advanced pancreatic cancer. Thus,
our study results should be confirmed in a prospective
randomized controlled trial.

In conclusion, GSL combination therapy for unresectable
pancreatic cancer was feasible with acceptable toxicities.
Given the long PFS of 10.8 months in our study, GSL com-
bination therapy can be a candidate for promising cancer treat-
ment in unresectable pancreatic cancer.
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