
Abstract. Background/Aim: FOLFIRINOX (5-fluorouracil,
leucovorin, irinotecan, oxaliplatin) and gemcitabine plus nab-
paclitaxel therapy have recently been introduced for the
treatment of metastatic pancreatic cancer. Herein, overall
treatment outcomes of metastatic pancreatic cancer after
introduction of FOLFIRINOX and gemcitabine plus nab-
paclitaxel therapy were evaluated, in daily practice. Patients
and Methods: Metastatic pancreatic cancer patients (n=321)
who started systemic chemotherapy between January 2011
and December 2016 were included and were divided into two
groups: group A (2011-2013) and group B (2014-2016).
Treatment outcomes were evaluated retrospectively. Results:
Patient characteristics were similar between the two groups
except for the rates of distant lymph node metastasis and
peritoneal metastasis. The preferred regimens in groups A and
B were gemcitabine monotherapy and gemcitabine plus nab-
paclitaxel therapy, respectively. The response rates, median
progression-free survival, and median overall survival of
groups A and B were 7.8% and 28.4% (p<0.01), 3.1 months
and 5.4 months (p<0.01), and 6.7 months and 10.2 months
(p<0.01), respectively. Conclusion: Overall treatment
outcomes for metastatic pancreatic cancer were significantly
improved after introduction of FOLFIRINOX and gemcitabine
plus nab-paclitaxel combination therapy in daily practice.

Pancreatic cancer is the fourth leading cause of cancer-related
deaths, since more than 33,000 patients are dying from this
type of cancer annually in Japan (1). The prognosis of

pancreatic cancer remains dismal, and the mortality rates
closely follow the incidence rates. Surgical resection with
negative margins (R0) is the only potentially curative
treatment for pancreatic cancer, but only 15-20% of these
patients are eligible for resection at initial diagnosis (2). More
than half of patients diagnosed in the metastatic setting have
a 5-year survival rate of 2.6% (2).

Gemcitabine alone has since long been the standard
chemotherapy for metastatic pancreatic cancer (3). Many
randomized studies have been conducted to develop regimens
that are more effective than gemcitabine alone. Combination
therapy with gemcitabine and erlotinib demonstrated a
significant improvement in prognosis against gemcitabine
alone, but the improvement of median overall survival was
only two weeks (4). Recently, combination therapy including
FOLFIRINOX (5-fluorouracil, leucovorin, irinotecan,
oxaliplatin) and gemcitabine plus nab-paclitaxel therapy
(GEM+nab-PTX) showed superiority to gemcitabine alone (5,
6). Both these regimens are combination therapies of cytotoxic
agents. The prognoses were prolonged by 4.3 months by
FOLFIRINOX and 1.8 months by GEM+nab-PTX. Although
it is difficult to compare these results directly because the
study populations in each trial were different, these two
regimens have become the two standard front-line treatments
for metastatic pancreatic cancer.

Unfortunately, FOLFIRINOX and GEM+nab-PTX are
more toxic than is gemcitabine alone (5, 6). To reduce the
severe adverse events of FOLFIRINOX, several modified
regimens have been tested and reported. In a phase II study,
a modified version of FOLFIRINOX with a reduced dose of
irinotecan to 150 mg/m2 and without the bolus of 
5-fluorouracil, demonstrated a similar efficacy and reduced
toxicity to FOLFIRINOX in Japanese pancreatic cancer
patients (7). This modified regimen is widely used in daily
practice in Japan, but this regimen remains more toxic than
gemcitabine alone. Moreover, pancreatic cancer is generally
a disease of the elderly, with a median age of diagnosis at 70
years, even though 40% are older than 75 years when
diagnosed (8). In Japan, the median age of pancreatic cancer
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diagnosis is now 75 years due to the high life expectancy (1).
Furthermore, there are many metastatic pancreatic cancer
patients with a poor performance status (8). Consequently,
these two combination therapies could be used in selected
metastatic pancreatic cancer patients who maintained good
performance status, while the remaining ones are still treated
with gemcitabine alone. In the present study, we conducted
a retrospective analysis to evaluate the improvement in
treatment outcomes for metastatic pancreatic cancer patients
after introduction of FOLFIRINOX and GEM+nab-PTX in
their daily practice.

Patients and Methods
Patients. Patients with primary metastatic pancreatic cancer who
started systemic chemotherapy between January 2011 and December
2016 at our hospital were included in this retrospective study. The
patients who were recurrent after surgery were excluded from this
study. In Japan, FOLFIRINOX and GEM+nab-PTX became
commercially available in December 2013 and December 2014,
respectively. FOLFIRINOX was first introduced at our hospital in
January 2014. Therefore, the study population was divided into two
groups: patients who started chemotherapy between 2011 and 2013
were as assigned to group A, and patients who started chemotherapy
between 2014 and 2016 were as assigned to group B. Several
clinical studies evaluating new agents as first-line chemotherapy
were conducted during this period, and the patients who were
included in these clinical studies were excluded from this study
population. Clinical study regimens as second-line chemotherapy
were allowed in this study when the patients were progressed after
first-line standard chemotherapy. For FOLFIRINOX, all patients

were treated with modified regimens (7) during these periods as
both first-line and second-line chemotherapy.

Statistical analysis. Objective response was evaluated according to
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
(9). Progression-free survival (PFS) and overall survival (OS) were
calculated using the Kaplan-Meier method, and the log-rank test for
comparisons between two groups. Hazard ratio (HR) and 95%
confidence intervals were estimated by the Cox proportional hazard
model. The Mann-Whitney U- and Fisher’s exact tests were used to
compare the two groups as appropriate. The final analysis was
conducted using follow-up data through the end of May 2018.
Multivariate analysis was conducted to evaluate prognostic factors
of metastatic pancreatic cancer by using a Cox proportional hazard
model. JMP 12 statistical software (SAS Institute Inc., Cary, NC,
USA) was used for all statistical analyses.

This study was conducted in compliance with the Declaration of
Helsinki and according to the ethical guidelines for medical and
health research involving human subjects. This study was approved
by the Institutional Review Boards of our hospital (No. 2017-1140).

Results

Patient characteristics. A total of 321 consecutive patients
with primary metastatic pancreatic cancer were treated with
systemic chemotherapy between January 2011 and
December 2016, out of which 18 were treated by a clinical
study regimen. Therefore, a total of 303 patients were
enrolled in this study. Pathological confirmation was
achieved in 97.0% of the patients (294/303; 284
adenocarcinoma, 1 adenosquamous cell carcinoma, 8
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Table I. Patient characteristics.

                                                                                                       Group A                                        Group B                                        p-Value
                                                                                                        (n=102)                                         (n=201)

Age (median, range)                                                                      66 (37-80)                                     66 (39-82)                                        0.80
Gender                                                                                                                                                                                                            0.63
  Male                                                                                             58 (57%)                                     107 (53%)                                            
  Female                                                                                         44 (43%)                                       94 (47%)                                            
Performance status                                                                                                                                                                                         0.37
  0                                                                                                   82 (80%)                                     147 (73%)                                            
  1                                                                                                   19 (19%)                                       51 (25%)                                            
  2                                                                                                     1 (1%)                                           3 (1%)                                              
Primary site                                                                                                                                                                                                    0.38
  Pancreatic head                                                                           33 (32%)                                       76 (38%)                                            
  Pancreatic body-tail                                                                    69 (68%)                                     125 (62%)                                            
Metastatic site                                                                                                                                                                                                  
  Liver metastasis                                                                          74 (73%)                                     149 (74%)                                          0.78
  Lung metastasis                                                                          15 (15%)                                       32 (16%)                                          0.87
  Distant lymph node metastasis                                                  41 (40%)                                       51 (25%)                                          0.01
  Peritoneal metastasis                                                                  36 (35%)                                       39 (19%)                                        <0.01
CEA (ng/ml)                                                                                     5.9 (0.7-4,924)                              6.4 (0-9,698.9)                              0.66
CA19-9 (U/ml)                                                                          1,153.5 (2-50,000)                       1,727 (2-50,000)                                   0.89
Biliary drainage                                                                             21 (21%)                                       42 (21%)                                          1.00

CEA, Carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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carcinoma, and 1 class IV by cytology). The remaining 9
patients (3.0%), who did not have pathological evidence,
were diagnosed with metastatic pancreatic cancer through
the clinical course. Patient characteristics are shown in
Table I. One hundred and two patients were enrolled in
group A (2011-2013) and 201 patients were in group B
(2014-2016). The baseline characteristics were well
balanced between these two groups except for the rates of
distant lymph node metastasis and peritoneal metastasis.
The median age of both A and B group was 66 years. Most
patients demonstrated relatively a good performance status.
Treatment regimens are summarized in Table II.
Gemcitabine monotherapy was the most frequently selected
regimen in group A, while GEM+nab-PTX was the most
frequently selected therapy used in group B. In the latter,
approximately three-quarters of the patients were treated by
modified FOLFIRINOX or GEM+nab-PTX. Gemcitabine
and tegafur/gimeracil/oteracil potassium (S-1) combination
therapy was only used in limited populations in both groups
due to the results of the GEST study (10).

Treatment outcomes. The median follow-up period after
treatment was 8.6 months. All final survival data were
confirmed in group A. In group B, 19 patients (9.5%) were
still alive when the data were analyzed, while for 3 patients
lacked final survival data (1.5%).

Treatment outcomes are summarized in Table III.
Response rates of groups A and B to treatment were 7.8%
and 28.4%, respectively (p<0.01). Disease control rates in
groups A and B were 53.9% and 65.7%, respectively
(p=0.06). Median PFS periods in groups A and B were 3.1
months and 5.4 months, respectively (p<0.01; Figure 1).
Median OS periods in groups A and B were 6.7 months and
10.2 months, respectively (p<0.01; Figure 2). One- and 2-
year survival rates in group B improved to 42.0% and 13.9%
when compared to those in group A, respectively. Induction
rates of second-line chemotherapy in groups A and B were
51.6% and 65.4%, respectively (p=0.04). In group A, 80.9%
of patients were treated with S-1 monotherapy and 8.5%
were treated with gemcitabine monotherapy. Only 1 patient

(2.1%) was treated with GEM+nab-PTX, and no patient was
treated with modified FOLFIRINOX in group A. In group B,
48.0% of the patients were treated with S-1 monotherapy,
and modified FOLFIRINOX was selected in 26.0% of the
patients. GEM+nab-PTX and gemcitabine monotherapy were
chosen in 13.0% and 6.0% of patients, respectively in group
B, while 6 patients (3.0%) were offered surgical resection
after first-line chemotherapy (two patients (2/29; 6.9%) with
modified FOLFIRINOX, and the remaining 4 patients
(4/122; 3.3%) were treated with GEM+nab-PTX). The
median follow-up time in 6 resected patients was 36.0
months, and 5/6 patients were still alive at the time of study.
No patients from group A were allowed to undergo surgical
resection.
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Figure 1. Progression-free survival of group A and B. 95%CI, 95%
Confidence interval; M, months.

Figure 2. Overall survival of group A and B. 95%CI, 95% Confidence
interval; M, months.

Table II. Treatment regimens.

                                                              Group A                     Group B
                                                              (n=102)                      (n=201)

Gemcitabine                                        83 (81.3%)                38 (18.9%)
S-1                                                       11 (10.8%)                  9 (4.5%)
Gemcitabine+S-1                                  2 (2.0%)                    3 (1.5%)
Gemcitabine+erlotinib                         6 (5.9%)                     0
Gemcitabine+nab-paclitaxel                 0                            122 (60.7%)
Modified FOLFIRINOX                       0                              29 (14.4%)
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In group B, the response rate, disease control rate, median
PFS and OS of patients treated with modified
FOLFIRINOX were 41.4%, 72.4%, 7.0 months and 17.1
months, respectively. The response rate, disease control rate,
median PFS and OS of patients treated with GEM+nab-PTX
were 33.6%, 74.6%, 5.7 months and 11.5 months,
respectively. The response rate, disease control rate, median
PFS and OS of patients treated with the other regimens in
group B were 8.0%, 40%, 2.8 months and 5.7 months,
respectively.

Multivariate analysis for prognostic factors. The results of
our multivariate analysis are shown in Table IV. Good
performance status (HR=0.25) and introduction of modified
FOLFIRINOX or GEM+nab-PTX as first-line chemotherapy
(HR=0.51) emerged as better prognostic factors for

metastatic pancreatic cancer. High levels of carbohydrate
antigen 19-9 (CA19-9) (HR=1.47), the presence of liver
metastasis (HR=1.97) and peritoneal metastasis (HR=1.56)
emerged as poor prognostic factors.

Discussion

The overall treatment outcomes of metastatic pancreatic cancer
have improved in the clinical setting due to the introduction of
FOLFIRINOX and GEM+nab-PTX. More than 75% of the
metastatic pancreatic cancer patients we studied were treated
with modified FOLFIRINOX or GEM+nab-PTX in group B
(2014-2016). In this group, tumor shrinkage was achieved
more frequently compared to group A (3.6 times; 28.4% vs.
7.8%) and similarly, PFS was prolonged to 5.4 months,
achieving a 2.3-month extension. Median OS was prolonged
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Table III. Summary of treatment outcomes.

Group A Group B p-Value
(n=102) (n=201)

Response rate 7.8% 28.4% <0.01
Disease control rate 53.9% 65.7% 0.06
Progression-free survival (months) 3.1 5.4 <0.01

6-month progression-free survival rate 19.8% 43.7%
1-year progression-free survival rate 2.3% 16.2%

Induction rate of second-line chemotherapy 51.6% 65.4% 0.04
Overall survival (months) 6.7 10.2 <0.01

1-year survival rate 22.6% 42.0%
2-years survival rate 2.9% 13.9%

Table IV. Prognostic factors of chemotherapy for metastatic pancreatic cancer.

Variables Univariate Multivariate

HR (95%CI) p-Value HR (95%CI) p-Value

Age (≥ 70 years) 1.14 (0.89-1.45) 0.29
Sex (male) 1.06 (0.84-1.34) 0.62
Performance status (0, 1) 0.19 (0.08-0.63) 0.01 0.25 (0.10-0.83) 0.03
Primary site (pancreatic head) 1.09 (0.85-1.39) 0.49
Liver metastasis 1.80 (1.37-2.37) <0.01 1.97 (1.46-2.67) <0.01
Lung metastasis 1.02 (0.73-1.39) 0.91
Distant lymph node metastasis 1.20 (0.92-1.54) 0.17
Peritoneal metastasis 1.35 (1.02-1.76) 0.03 1.56 (1.16-2.08) <0.01
CEA 1.04 (0.17-3.30) 0.96
CA19-9 1.62 (1.17-2.21) <0.01 1.47 (1.05-2.03) 0.03
Biliary drainage 1.24 (0.92-1.64) 0.16
GEM+nab-PTX or mFOLFIRINOX 0.50 (0.39-0.64) <0.01 0.51 (0.40-0.65) <0.01

CEA, Carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; GEM+nab-PTX, gemcitabine+nab-paclitaxel; mFOLFIRINOX, modified
FOLFIRINOX; HR, hazard ratio; 95%CI, 95% confidence interval.
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from 6.7 months to 10.2 months and the 1-year survival rate
was 42.0%. Approximately 14% of metastatic pancreatic
cancer patients in group B survived for more than 2 years.

Because of the better efficacies of modified
FOLFIRINOX and GEM+nab-PTX, 6 patients (3.0%) in
group B had surgical resection. In the era before
FOLFIRINOX and GEM+nab-PTX, it was extremely rare
that patients with metastatic pancreatic cancer would
undergo surgical resection (11). The median follow-up time
of 6 resected patients was 36.0 months, and 5/6 patients
were still alive. Although a long-term follow up is
necessary to validate the efficacy of conversion surgery for
metastatic pancreatic cancer, the introduction of efficacious
chemotherapeutic regimens is undoubtedly a great
opportunity that allows conversion surgery in these
patients. The major criteria of conversion surgery in our
hospital are: i) disappearance of metastatic lesions; ii)
resectable primary lesion; iii) normalization of tumor
markers; and iv) duration of chemotherapy for at least eight
months. The last criterion was chosen based on data from
a study conducted by the Japanese Society of Hepato-
Biliary-Pancreatic Surgery (11). We believe that the criteria
for conversion surgery need to be stricter for metastatic
pancreatic cancer than for locally advanced pancreatic
cancer, thus chemotherapy was sometimes extended for 1
year. Therefore, only a stringent group of selected patients
underwent surgical resection even after the introduction of
FOLFIRINOX and GEM+nab-PTX.

Improvements in median PFS and OS between groups A and
B were 2.3 months and 3.5 months, respectively. The
difference between the PFS and OS was only 1.2 months,
suggesting that the impact of second-line chemotherapy
remained limited, even in group B (2014-2016). The most
widely used second-line chemotherapy in group B was S-1
monotherapy (48.0%), while treatment with modified
FOLFIRINOX (26.0%) was second best. Even in the modified
regimen of FOLFIRINOX, only a few patients were able to
benefit from it. Therefore, a less toxic yet effective second-line
chemotherapy is needed. Nanoliposomal irinotecan with
fluorouracil and folinic acid might be a good option for patients
having second-line chemotherapy (12). Quite importantly, an
effective third-line chemotherapy should be available to
prolong the OS of metastatic pancreatic cancer patients.

There was a trend towards improvement in the disease
control rate of group B, but it was not statistically significant
compared to group A (p=0.06). The disease control rate in
group B was only 65.7%. Many patients in this group were
diagnosed at extremely advanced stages and could not
continue the treatment long enough even if first-line
chemotherapy had already been introduced. Early diagnosis
is essential to resolve this problem, and educational activities
for citizens regarding pancreatic cancer are still needed.
Moreover, the median age of diagnosing pancreatic cancer

in Japan is now 75 years because of high life expectancy (1).
Approximately 33% of the pancreatic cancer patients were
older than 80 years of age when diagnosed in Japan (1).
More than 20% of the patients in group B chose
monotherapy even though treatment with GEM+nab-PTX is
relatively tolerable. Therefore, some new less toxic regimens
are required to resolve this problem. It is also very important
to establish standard treatment for erderly patients with
metastatic pancreatic cancer (13-14).

Limitations of this study include that the data were
collected from a single cancer center and were retrospectively
analyzed. There were several treatment regimens involved in
this study, and it is difficult to compare the adverse events.
Therefore, it is not clear whether prolonging the survival time
was concomitant with maintaining a good quality of life.
There is a possibility that quality of life deteriorated due to the
adverse events of FOLFIRINOX or GEM+nab-PTX, as it has
been reported previously (14). Peripheral neurotoxicity is now
a substantial problem in the management of pancreatic cancer
patients who are treated with these chemotherapies (5, 6, 15).
It is important to establish the management of this side-effect
and to develop new effective chemotherapies with different
profiles of adverse events (16-20).

In conclusion, overall treatment outcomes of chemotherapy
for metastatic pancreatic cancer were significantly improved
after introduction of FOLFIRINOX and GEM+nab-PTX in the
daily practice. However, about 25% of the metastatic
pancreatic cancer patients could not be treated with these two
effective regimens as first-line chemotherapy. Furthermore,
only less than 40% of the patients were treated with these two
regimens as second-line chemotherapy. More effective second-
line and third-line chemotherapy regimens with less toxicity
are required to prolong the overall survival of metastatic
pancreatic cancer patients.
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