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Background: Irinotecan, oxaliplatin and leucovorin-modulated fluorouracil (FOLFIRINOX) and the
combination regimen of gemcitabine and nanoparticle albumin-bound paclitaxel (GnP) (nab-PTX) improve
the prognosis of patients with metastatic pancreatic cancer. However, no study has compared the efficacy of
the two regimens. We compared retrospectively the efficacy and safety of the two regimens in patients with
unresectable pancreatic cancer.

Methods: Thirty-eight patients with unresectable locally advanced or metastatic pancreatic cancer
received FOLFIRINOX or GnP as first-line chemotherapy between December 2013 and September 2015.
In the FOLFIRINOX group, patients received 85 mg/m’ oxaliplatin followed by 180 mg/m’ irinotecan
and 200 mg/m’ L-leucovorin, and by 400 mg/m’ fluorouracil as a bolus and 2,400 mg/m’ fluorouracil as a
46-h continuous infusion every 14 days. In the GnP group, patients received 125 mg/m’ nab-PTX followed
by 1 g/m’, and gemcitabine on days 1, 8 and 15, repeated every 28 days.

Results: Response rate was 6.3% in the FOLFIRINOX group and 40.9% in the GnP group (P=0.025).
Median progression-free survival (PFS) was 3.7 months [95% confidence interval (CI), 3.0-4.5] in the
FOLFIRINOX group and 6.5 months (95% CI, 6.2—-6.9 months) in the GnP group (P=0.031). Drug toxicity
in the GnP group was less than in the FOLFIRINOX group.

Conclusions: Efficacy and safety of GnP compare favorably to those of FOLFIRINOX in patients with

pancreatic cancer. Additional prospective trials are warranted.
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Introduction

Prognosis of unresectable pancreatic cancer is poor with a
S-year survival rate not exceeding 6% (1). The nucleoside
analog gemcitabine was standard first-line chemotherapy
for metastatic pancreatic cancer (2) until the three-
drug regimen irinotecan, oxaliplatin and leucovorin-
modulated fluorouracil (FOLFIRINOX) improved the
prognosis of patients in 2011 (3). In 2013, gemcitabine
and nanoparticle albumin-bound paclitaxel (GnP) (nab-
PTX) were also shown to increase survival of patients with
metastatic pancreatic cancer (4). However, these two phase
IIT randomized trials did not include Japanese patients. In
Japan, we can treat unresectable, including locally advanced,
pancreatic cancer with FOLFIRINOX and GnP, on the
basis of two single-armed phase II trials in Japanese patients
with metastatic pancreatic cancer (5,6). Those trials showed
that the rates of adverse events in Japanese patients were
higher than those of previous phase III trials. However,
no study has investigated which regimen is better for
unresectable pancreatic cancer.

In Japan, we have treated patients with unresectable
locally advanced or metastatic pancreatic cancer with
FOLFIRINOX from December 2013, and with GnP from
December 2014 using the Japanese national public health
insurance. In the present study, we compared the efficacy
and safety of first-line chemotherapy with FOLFIRINOX
or GnP in Japanese patients with unresectable pancreatic
cancer.

Methods
Patients

We retrospectively analyzed the medical records of all
patients with unresectable locally advanced or metastatic
pancreatic cancer treated with FOLFIRINOX or GnP
as first-line chemotherapy between December 2013 and
September 2015 at Hokkaido University Hospital.

Study design

This study was a retrospective cohort, single-institution
analysis. Its objectives were to compare the efficacy
and safety of FOLFIRINOX with those of GnP. The
study was approved by the Institutional Review Board of
Hokkaido University Hospital (the registration number is
015-0335), and conducted according to the Declaration of
Helsinki.
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Treatment

FOLFIRINOX consisted of 85 mg/m’ of oxaliplatin
administered over 2 h, followed by 180 mg/m’ of irinotecan
and 200 mg/m’ of L-leucovorin administered over 90 min.
This was followed by 400 mg/m’ of fluorouracil as a bolus
and 2.4 g/m’ of fluorouracil as a 46-h continuous infusion.
All patients were administered 0.75 mg of palonosetron,
9.9 mg of dexamethasone and 125 mg of aprepitant before
chemotherapy, followed by 80 mg of aprepitant on the
following 2 days to prevent chemotherapy-induced nausea
and vomiting (CINV). Treatment cycles were repeated
every 2 weeks until tumor progression or intolerable toxicity
occurred.

GnP consisted of 125 mg/m’ nab-PTX over 30 min,
followed by 1 g/m’ gemcitabine over 30 min, on days 1, 8
and 15. Treatment cycles were repeated every 4 weeks until
tumor progression or intolerable toxicity occurred. The
patients were administered 0.75 mg of palonosetron and/or

9.9 mg of dexamethasone before chemotherapy to prevent
CINV if needed.

Statistical analysis

Patient age and tumor markers were compared using Mann—
Whitney U test, and sex, performance status, presence or
absence of biliary stent, and disease status (metastatic, recurrent
or locally advanced) were compared using Fisher’s exact test.
Progression-free survival (PFS) was measured from the first
day of chemotherapy to the time of disease progression or
last follow-up. Overall survival (OS) was measured from the
first day of chemotherapy to the time of death or last follow-
up. The period of follow-up was estimated using the reverse
Kaplan-Meier method. OS and PFS were calculated using the
Kaplan-Meier method and were compared using the log-rank
test. The hazard ratio (HR) was calculated using univariate
Cox proportional hazard regression modeling. Statistical
analyses were carried out using IBM SPSS Statistics version 23.
Response evaluation was based on the revised Response
Evaluation Ciriteria in Solid Tumors (RECIST) version 1.1,
and was compared using Fisher’s exact test. Adverse events
were classified according to the Common Terminology
Ciriteria for Adverse Events (CT'CAE) version 4.0.

Results
Patient characteristics
We identified 16 patients treated with FOLFIRINOX and
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Table 1 Patient characteristics

Characteristics Total (n=38) FOLFIRINOX (n=16) GnP (n=22) P value

Age 0.091*
Median 65.5 [49-78] 63 [49-71] 66.5 [49-78]

Gender (%) 0.744"
Male 22 (57.9) 10 (62.5) 12 (54.5)
Female 16 (42.1) 6 (37.5) 10 (45.5)

PS (%) 0.047"
0 18 (47.4) 11 (68.8) 7 (31.8)
1 20 (52.6) 5(31.2) 15 (68.2)

Biliary stent (%) 0.631"
Yes 5(13.2) 3(18.8) 2(9.1)
No 33 (86.8) 13 (81.2) 20 (90.9)

CEA (ng/mL) 0.372*
Median 5.8 (1.1-271.3) 5.6 (1.8-11.5) 7.8 (1.1-271.3)

CA19-9 (U/mL) 0.388*
Median 262.3 (<1-18,435.6) 128.7 (<1-8472.6) 305.6 (<1-18,435.6)

Disease status (%) <0.001"
Metastatic 18 (47.4) 1(6.2) 17 (77.3)
Recurrent 10 (26.3) 8 (50.0) 2(9.1)
Locally advanced 10 (26.3) 7 (43.8) 3(13.6)

*

, Mann-Whitney U test; T, Fisher’s exact test.

22 with GnP as first-line chemotherapy at our institution
between December 2013 and September 2015. The median
age was 63 years (range, 49-71 years) in the FOLFIRINOX
group and 66.5 years (range, 49-78 years) in the GnP
group. Seven patients in the FOLFIRINOX group and
four in the GnP group had locally advanced unresectable
pancreatic cancer. Eleven patients in the FOLFIRINOX
group and seven in the GnP group were assessed as WHO
performance status (PS) 1 and the other patients were
PS 0 (P=0.047). There were a larger number of patients
with metastatic pancreatic cancer in the GnP group than
in the FOLFIRINOX group (P<0.001). Other patient
characteristics are listed in Table 1.

The median number of treatment cycles administered
was six in the FOLFIRINOX group (range, 1-12) and three
in the GnP group (range, 1-6). The median relative dose
intensities of fluorouracil as a bolus infusion, fluorouracil
as a 46-h continuous infusion, irinotecan, oxaliplatin,
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gemcitabine and nab-PTX were 19.9%, 87.2%, 73.8%,
85.1%, 78.0% and 70.4%, respectively.

Efficacy

The median follow-up period was 11.9 and 8.3 months
in the FOLFIRINOX and GnP groups, respectively. The
objective response rate was 6.3% (one of 16 patients) in
the FOLFIRINOX group and 40.9% (nine of 22 patients)
in the GnP group. Disease control rate was 56.3% (nine
of 16 patients) in the FOLFIRINOX group and 86.4%
(19 of 22 patients) in the GnP Group. The median
PFS was 3.7 months [95% confidence interval (CI),
3.0-4.5 months] in the FOLFIRINOX group and
6.5 months (95% CI, 6.2-6.9 months) in the GnP group
(HR, 0.41; 95% CI, 0.18-0.95; P=0.031) (Figure I). The
median OS was 9.9 months (95% CI, 5.9-13.9 months)
in the FOLFIRINOX group and not reached in the
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Figure 1 Median PFS was 3.7 months (95% CI, 3.0-4.5 months)
in the FOLFIRINOX group versus 6.5 months (95% CI, 6.2-6.9
months) in the GnP group (HR, 0.41; 95% CI, 0.18-0.95;
P=0.031). PFS, progression-free survival; CI, confidence interval;
FOLFIRINOX, irinotecan, oxaliplatin and leucovorin-modulated
fluorouracil; GnP, gemcitabine and nanoparticle albumin-bound

paclitaxel.
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Figure 2 Median overall survival was 9.9 months (95% CI,
5.9-13.9 months) in the FOLFIRINOX group and not reached
in the GnP group. CI, confidence interval; FOLFIRINOX,
irinotecan, oxaliplatin and leucovorin-modulated fluorouracil;

GnP, gemcitabine and nanoparticle albumin-bound paclitaxel.

GnP group (Figure 2). The efficacy in the two groups is

summarized in Table 2.
Second-line therapy

We administered second-line therapy to 15 patients in the
FOLFIRINOX group and three in the GnP group. The
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Table 2 Comparison of efficacy of FOLFIRINOX and GnP
Number (%)
Efficacy parameter P value
FOLFIRINOX GnP (n=22)
(n=16)
Response rate
PR 1(6.3) 9 (40.9) 0.025*
SD 8 (50.0) 10 (45.5) 1*
Disease control rate .
(PR + SD) 9 (56.3) 19 (86.4) 0.062
PD 5(31.3) 2(9.1) 0.108*
NE 2(12.5) 1(4.5) 0.562*
PFS

Median (months, 95% Cl) 3.7 (3.0-4.5) 6.5 (6.2-6.9) 0.031"
0Ss
Median (months, 95% CI) 9.9 (5.9-13.9) Not reached 0.799"

*, Fisher’s exact test; , log-rank test. FOLFIRINOX irinotecan,
oxaliplatin and leucovorin-modulated fluorouracil, GnP
gemcitabine and nanoparticle albumin-bound paclitaxel. PFS,
progression-free survival; FOLFIRINOX, irinotecan, oxaliplatin
and leucovorin-modulated fluorouracil; GnP, gemcitabine and
nanoparticle albumin-bound paclitaxel.

second-line regimens were gemcitabine monotherapy (seven
patients), GnP (four patients), other gemcitabine-based
doublet (one patient), S-1 (one patient), radiotherapy (two
patients) in the FOLFIRINOX group, and FOLFIRINOX
(two patients) and S-1 (one patient) in the GnP group.

Adverse events

No patients died from treatment-related causes in either
group. The most common treatment-related grade 3 or
4 adverse event was neutropenia, which occurred in 68.8%
and 54.5% of patients in the FOLFIRINOX and GnP
groups, respectively. There was no significant difference
in the incidence of grade 3 or 4 neutropenia, febrile
neutropenia, thrombocytopenia, sensory neuropathy,
nausea, and anorexia between the two groups. The common
treatment-related grade 3 or 4 adverse events in the two
groups are summarized in Table 3.

Discussion

Gemcitabine monotherapy has been the standard regimen
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Table 3 Comparison of safety profiles of FOLFIRINOX and GnP

FOLFIRINOX (n=16) (n%) GnP (n=22) (n%) P value*
Adverse events CTCAE v4.0
All grade Grade 3 or 4 All grade Grade 3 or 4 All grade Grade 3 or 4
Hematological adverse events
Anemia 15 (93.8) 1(6.3) 19 (86.4) 4(18.2) 0.421 0.374
Neutropenia 15 (93.8) 11 (68.8) 22 (100.0) 12 (54.5) 0.624 0.506
Thrombocytopenia 7 (43.8) 1(6.3) 12 (54.5) 3(13.6) 0.743 0.624
Febrile neutropenia 3(18.8) 3(18.8) 2(9.1) 2(9.) 0.374 0.374
Non-hematological adverse events
Nausea 13 (81.3) 1(6.3) 5(22.7) 0(0.0) <0.001 0.421
Vomiting 2(12.5) 0 (0.0 1(4.5) 0 (0.0 0.562 1
Anorexia 13 (81.3) 1(6.3) 8 (36.4) 1(4.5) 0.009 1
Diarrhea 7 (43.8) 0(0.0) 4(18.2) 0(0.0) 0.147 1
Alopecia 3(18.8) - 12 (54.5) - 0.043 -
Peripheral sensory neuropathy 5(31.3) 0(0.0) 9 (40.9) 0 (0.0 0.735 1
Pneumonitis 0(0.0) 0 (0.0 2(9.1) 2(9.1) 0.499 0.499

*, Fisher’s exact test. FOLFIRINOX, irinotecan, oxaliplatin and leucovorin-modulated fluorouracil; GnP, gemcitabine and nanoparticle

albumin-bound paclitaxel.

for patients with metastatic or unresectable locally advanced
pancreatic cancer since 1997 (2), but the 1-year survival rate
of patients with metastatic disease is only 17-23% (2,3,6).
A phase III trial of erlotinib plus gemcitabine compared
with gemcitabine alone demonstrated significantly improved
survival in advanced pancreatic cancer (median OS 6.24 vs.
5.91 months) (7). A phase III trial of FOLFIRINOX versus
gemcitabine showed significant improvement for patients
with metastatic pancreatic cancer (median OS 11.1 vs.
6.8 months) (3). The GnP regimen was also found to
improve OS for patients with pancreatic cancer in a phase
III trial (median OS 8.5 vs. 6.7 months) (4).

FOLFIRINOX and GnP regimens yield better prognosis
than gemcitabine monotherapy for metastatic pancreatic
cancer, however, there has been no phase III study for
unresectable locally advanced pancreatic cancer with these
two regimens. FOLFIRINOX and GnP regimens are
widely used for advanced pancreatic cancer, based on the
clinical benefit of two phase III studies (3). There has been
no comparative trial of these two regimens, and our study is
believed to be the first comparison of the two regimens.

In our study, the GnP regimen showed a similar clinical
outcome to a previous phase III study (4), but the PFS
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in the FOLFIRINOX group was shorter than in another
previous phase III study (3). Those two studies of metastatic
pancreatic cancer and our study included unresectable
locally advanced cancer, and FOLFIRINOX is reported to
have a clinical benefit in locally advanced pancreatic cancer
as well as metastatic pancreatic cancer (8,9). However, none
of the previous prospective trials included Japanese patients.
It was previously reported that adverse events were more
frequent in Japanese patients using FOLFIRINOX (5).
This means that the FOLFIRINOX regimen may be
too toxic for Japanese patients. In our study, the relative
dose intensity in the FOLFIRINOX group was similar
to that previously reported, but resulted in poor outcome
in the FOLFIRINOX group. In our study, almost all
patients in the FOLFIRINOX group received second-line
chemotherapy compared with only a few patients in the
GnP group. This might explain the similar OS between the
two treatment groups, even if there was significantly poor
PFS in the FOLFIRINOX group. We need further studies
of the efficacy and safety of FOLFIRINOX in Japanese
patients with pancreatic cancer. Currently, a multicenter
prospective trial of dose-modified FOLFIRINOX in
patients with advanced pancreatic cancer is in progress
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in Japan, and we await the results for efficacy and safety.
In our study, the response rate in the GnP group was
almost as high as that previously reported. GnP is one of
the neoadjuvant chemotherapy regimens in patients with
borderline resectable locally advanced pancreatic cancer.

Our study was limited by its small sample size,
retrospective analysis, and being conducted in a single
institution. However, we suggest that the GnP regimen
yields a better clinical outcome for more patients with
pancreatic cancer with less toxicity than the FOLFIRINOX
regimen does. Our results should be confirmed by
additional, prospective randomized trials.
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