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Abstract
Purpose New chemotherapies have become available for the treatment of advanced pancreatic cancer and have led to changes 
in its standard treatments. Since pancreatic cancer is becoming more common as a result of population aging, there is a need 
for diversification of chemotherapy.
Methods Between March 2014 and April 2017, FOLFIRINOX (FFX) or gemcitabine plus nab-paclitaxel (G-nab) was used 
as first-line therapy to treat 27 patients with locally advanced and metastatic pancreatic cancer at our hospital. In this study, 
we retrospectively evaluated their clinical characteristics, survival outcomes and adverse events.
Results Twelve of the 27 patients were treated with FFX, and the other 15 patients were treated with G-nab. The disease 
control rate was 86.7% in the G-nab group and 75% in the FFX group. Median OS time was 8.9 months in the FFX group 
and 11.8 months in the G-nab group. The 1-year survival rate was 46.6% in the G-nab group and 16.6% in the FFX group. 
The second-line treatment rate was 40% in the G-nab group and 66.7% in the FFX group. The grade 3–4 neutropenia rate was 
20% in the G-nab group and 25% in the FFX group. No patients developed febrile neutropenia, or severe nausea, diarrhea, 
or anorexia. The peripheral sensory neuropathy rate was 73.3% in the G-nab group and 75% in the FFX group.
Conclusions Although G-nab and FFX are effective treatments for advanced pancreatic cancer, the G-nab group had a higher 
1-year survival rate, and G-nab can be more safely administered to older patients.
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Introduction

The number of pancreatic cancer patients in Japan has been 
increasing, and pancreatic cancer is now the fifth most 
common cause of cancer-related deaths in the country, with 
approximately 30,000 new cases reported annually [1]. 
Unfortunately, pancreatic cancer has a poor prognosis, and 
in Japan its morbidity rate is almost equal to its mortality 
rate [2]. Although surgery is the only curative treatment for 
pancreatic cancer, most cases are diagnosed at an advanced 
stage that precludes surgery, and surgery alone is associ-
ated with a low survival rate. Since most patients treated 
surgically receive adjuvant chemotherapy, chemotherapy 
plays an important role in the management of pancreatic 

cancer. Historically, gemcitabine monotherapy has been the 
standard treatment for advanced pancreatic cancer. However, 
FOLFIRINOX (FFX) and gemcitabine plus nab-paclitaxel 
(G-nab) are two of several new regimens that have been 
developed to treat advanced pancreatic cancer, and they are 
expected to decrease tumor burden and increase survival in 
advanced pancreatic cancer cases [3, 4]. Because elderly 
patients typically have many complications and poor per-
formance status (PS), it is important for physicians to have 
access to a variety of chemotherapies that can be used to 
effectively treat them, and in this retrospective study we 
evaluated the efficacy and safety of FFX and G-nab as a 
first-line therapy for locally advanced and metastatic pan-
creatic cancer.
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Methods

Patients

The subjects of this retrospective study were 27 patients 
who during the period between March 2014 and April 
2017 had been diagnosed with pancreatic cancer at Tokyo 
Women’s Medical University Hospital and treated with 
FFX or G-nab as first-line therapy: 14 of the patients 
had been diagnosed with locally advanced and the other 
13 patients had been diagnosed with metastatic pancre-
atic cancer. All 27 patients had an Eastern Cooperative 
Oncology Group PS of 0–1, and their objective response 
to treatment was evaluated using the Response Evaluation 
Criteria in Solid Tumors (RECIST). A diagnosis of adeno-
carcinoma was histologically and cytologically confirmed 
in every case. The eligibility criteria for FFX therapy 
included a total bilirubin level that was within the nor-
mal range, platelet count > 100,000/mm3, and neutrophil 
count > 2000/mm3. Patients were considered ineligible for 
FFX if they had diarrhea or watery stools were homozy-
gous for UGT1A1*6 or UGT1A1*28, or were heterozygous 
for UGT1A1*6 and UGT1A1*28. The eligibility criteria 
for G-nab therapy included leukocyte count < 12,000/mm3, 
neutrophil count > 1500/mm3, platelet count > 100,000/
mm3, hemoglobin concentration > 9.0 g/dl, serum aspar-
tate transaminase and alanine transaminase levels less than 
2.5 times their maximum normal values, and total serum 
bilirubin value less than 1.5 times its maximum normal 
value. All patients had normal renal function and less than 
grade 1 peripheral sensory neuropathy.

Treatment and toxicity

Patients in the G-nab group received a 30-min intravenous 
infusion of nab-paclitaxel at a dose of 125 mg/m2 followed 
by a 30-min intravenous infusion of gemcitabine at a dose 
of 1000 mg/m2 on days 1, 8, and 15 every 4 weeks in 1 
cycle. If treatment on day 15 was skipped, a new cycle 
was started the following week. If treatment on day 8 was 
skipped, the patient received the regular treatment on day 
15. Neutropenia was treated with granulocyte colony-
stimulating factor (GCS-F). Both the nab-paclitaxel dose 
(100 mg/m2) and the gemcitabine dose (800 mg/m2) were 
reduced, if toxicity other than peripheral sensory neu-
ropathy was detected; the nab-paclitaxel dose alone was 
reduced, if peripheral sensory neuropathy was detected.

Patients in the FFX group received a 2-h intravenous 
infusion of oxaliplatin at a dose of 85 mg/m2, 2-h intrave-
nous infusion of l-leucovorin at 200 mg/m2, and a 90-min 
intravenous infusion of irinotecan at a dose of 180 mg/

m2, followed by an intravenous bolus of 5-FU at a dose of 
400 mg/m2, and then a 46-h continuous intravenous infu-
sion of 5-FU at dose of 2400 mg/m2. This treatment was 
repeated every 2 weeks and continued until disease pro-
gression or a severe adverse event was detected. Neutrope-
nia was treated with GCS-F. If neutropenia was detected, 
the dose of irinotecan was reduced to 150 mg/m2, and the 
intravenous bolus of 5-FU was omitted. The oxaliplatin 
alone was reduced, if peripheral sensory neuropathy was 
detected.

Toxicity was evaluated using the Common Terminology 
Criteria for Adverse Events (version 4.0). The all-grade and 
grade 3–4 toxicities rates of neutropenia, anemia, thrombo-
cytopenia, diarrhea, and peripheral sensory neuropathy in 
the two groups were compared.

Evaluation and statistical analysis

Enhanced computed tomography was used to evaluate 
the pancreatic lesion at 8–12 weeks after treatment, and 
the response was graded according to the RECIST crite-
ria as partial response (PR), stable disease (SD), or pro-
gressive disease (PD). Overall survival (OS) time and 
progression-free survival (PFS) time were analyzed using 
the Kaplan–Meier method and the Wilcoxon test. OS was 
defined as the time from the diagnosis of pancreatic cancer 
until death. The response rate (RR) and disease control rate 
(DCR) were calculated based on the values for PR and SD. 
The tumor marker (CA19-9 or DUPAN2) reduction rates 
were evaluated by comparing the values before and after 
chemotherapy. All analyses were performed using JMP Pro 
software (version 12.1).

Results

Patient characteristics

Table 1 shows the patients’ characteristics. Twelve patients 
were treated with FFX (7 male and 5 female, median age 

Table 1  Characteristics of pancreatic cancer patients treated with 
FOLFIRINOX and with gemcitabine + nab-paclitaxel combination 
therapy

Characteristics FFX (n = 12) G-nab (n = 15) P value

Median age (years) (range) 62 (50–72) 63 (44–82) 0.625
Gender (male/female) 7/5 8/7 0.795
Location (head/body/tail) 6/4/2 10/4/1 –
Metastatic site (liver/lung/

other)
2/0/2 4/1/2 –

Family history of cancer 4 3
Diabetes mellitus (DM) 0 2 –
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62 years), and 15 patients were treated with G-nab (8 male 
and 7 female, median age 63 years). Three of the 12 patients 
in the FFX group received modified FFX (mFFX) as their 
first treatment. In the G-nab group, 12 patients received 
full treatment doses and 3 patients received reduced doses. 
Two patients who received the reduced G-nab doses were 
> 75 years old, and the third patient was > 80 years old. One 
of the 15 patients in the G-nab group underwent surgery 
after 2 cycles of G-nab therapy.

In the FFX group, the tumor arose in the head of the 
pancreas in six cases, the body of the pancreas in four cases, 
and the tail of the pancreas in two cases. In the G-nab group, 
the tumor arose in the head of the pancreas in ten cases, the 
body of the pancreas in four cases, and the tail of the pan-
creas in one case. There was a family history of carcinoma 
in three cases in the G-nab group and in four cases in the 
FFX group. Two patients in the G-nab group had diabetes 
mellitus (Table 1).

Efficacy

In the G-nab group, 2 patients had a PR, 11 patients had 
a SD, and 2 patients had PD. In the FFX group, 3 patients 
had a PR, 6 patients had SD, and 3 patients had PD. The RR 
was 13.3% in the G-nab group and 25% in the FFX group. 
The DCR was 86.7% in the G-nab group and 75% in the 
FFX group. The percentage of patients whose serum tumor 
marker values decreased was 73.3% in the G-nab group and 
50% in the FFX group (Table 2). Median OS in the FFX 
group was 9.7 months, but median OS was not calculated in 
the G-nab group because there were many survivors (Fig. 1). 
The median OS of the 13 patients who were diagnosed with 
metastatic pancreatic cancer was 9.7 months in the FFX 
group and 9.8 months in the G-nab group (Fig. 2). The 
1-year survival rate of all patients was 46.7% in the G-nab 
group and 25% in the FFX group. Median PFS of all patients 
was 8.8 months in the FFX group, and many of patients as 
a whole who developed PD during first-line chemotherapy 

were started on second-line therapy (Fig. 3). The propor-
tion of the pancreatic cancer patient group as a whole that 
received second-line therapy was 33.3% in the G-nab group 
and 66.7% in the FFX group. In the G-nab group, three 
patients received S1, one patient received FFX, and one 
patient underwent surgery. In the FFX group, five patients 
received G-nab combination therapy, two patients received 
gemcitabine alone, and one patient received S1 with heavy 
particle therapy (Table 3).

Table 2  Results of the efficacy evaluation of FOLFIRINOX and 
G-nab combination therapy

a Tumor markers measured CA19-9. Lewis antigen-negative patients 
measured DUPAN2

G-nab (n = 15) FOL-
FIRINOX 
(n = 12)

P value

Response rate (%) 13.3 25 0.438
Disease control rate (%) 86.7 75 0.438
PR/SD/PD (cases) 2/11/2 3/6/3 –
Percentage of patients whose 

tumor  markera levels 
decreased (%)

73.3 50 0.212

P=0.4409

Overall survival (months)
G-nab     -
FFX        9.7

Fig. 1  Kaplan–Meier analysis of overall survival (OS) in the FFX 
group and the G-nab group with advanced pancreatic cancer. Median 
OS was 9.7 months in the FFX group, although median OS in the 
G-nab group was not measured

P=0.5445

Overall survival (months)
G-nab     9.8
FFX        9.7

Fig.2  Kaplan–Meier analysis of overall survival (OS) in the FFX 
group with metastatic pancreatic cancer and the G-nab group with 
metastatic pancreatic cancer. Median OS was 9.7 months in the FFX 
group and 9.8 months in the G-nab group
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Adverse events

The most frequent toxicity was neutropenia. Neutropenia 
was diagnosed in 85.7% of the patients in the G-nab group 
and in 88.9% of the patients in the FFX group. The grade 
3–4 neutropenia rate was 60% in the G-nab group and 58.3% 
in the FFX group. No patients developed febrile neutrope-
nia (FN). Table 4 shows the adverse events in detail. The 
peripheral sensory neuropathy rate was 73.3% in the G-nab 
group and 75% in the FFX group. One patient developed 
severe peripheral sensory neuropathy, but it resolved after 
chemotherapy was discontinued. There were no cases of 
severe nausea, diarrhea, or anorexia. Interstitial pneumonia 
is a severe complication associated with gemcitabine and 
nab-paclitaxel treatment, and it developed in 26.7% of the 
patients in the G-nab group. No patients in the FFX group 
developed interstitial pneumonia. The thrombosis rate was 
much higher in the FFX group than in the G-nab group (41.6 
vs. 6.7%) (Table 4).

Discussion

Historically, the standard chemotherapy for advanced pan-
creatic cancer has been gemcitabine monotherapy; however, 
since more effective alternatives, including FFX or G-nab 
[5–8], have been developed, recent guidelines recommend 
first-line treatment with FFX or G-nab [9]. The guide-
lines’ recommendations are supported by the results of the 
MPACT trial and ACCORD 11 trials, which confirmed that 
FFX and G-nab were superior to gemcitabine monotherapy 
[3, 4]. However, since which of these two treatments was 
the superior treatment for advanced pancreatic cancer was 
unclear, in the present study we compared the outcomes and 
toxicities of these two first-line therapies in patients with 

P=0.2660

Overall survival (months)
G-nab     -
FFX        8.8

Fig. 3  Kaplan–Meier analysis of progression-free survival (PFS) in 
the FFX group and the G-nab group with advanced pancreatic cancer. 
PFS was 8.8 months in the FFX group, although median OS in the 
G-nab group was not measured

Table 3  Second-line treatment

Percentage of patients who received second-line treatment: G-nab 
group 33.3%; FFA group 66.7%

First-line treatment Second-line treatment Cases (%)

G-nab – 10 (66.6)
S1 3 (20)
FFX 1 (6.7)
Surgery 1 (6.7)

FFX – 4 (33.3)
G-nab 5 (41.7)
GEM 2 (16.7)
Heavy particle radiother-

apy + S1
1 (8.3)

Table 4  Toxicities in the FOLFIRINOX group and the G-nab combination therapy group

G-nab (%) FOLFIRINOX (%)

All grades Grade 3–4 All grades Grade 3–4

Neutropenia 86.7 60 91.7 58.3
Anemia 73.3 6.7 58.3 25
Thrombocytopenia 20 6.7 8.3 0
Febrile neutropenia 0 0 0 0
Peripheral sensory neuropathy 73.3 6.7 75 8.3
Diarrhea 20 0 8.3 0

G-nab (%) FOLFIRINOX (%)

Interstitial pneumonia 4 (26.7) 0
Thrombosis 1 (6.7) 5 (41.6)
Liver disorder 2 (13.3) 1 (8.3)
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locally advanced or metastatic pancreatic cancer who had 
been diagnosed and treated at our hospital.

Although the difference in median age between the FFX 
group and G-nab group in the present study was not stati-
cally significant, the age range of the G-nab group (44–82 
vs. 50–72 years in the FFX group) was broader, possibly 
indicating that elderly patients tolerate G-nab better than 
FFX. In contrast, the FFX group tended to be younger and 
have better PS, and that may have been related to adequate 
age (i.e., < 70 years old) and higher rate of adverse events. 
The mFFX regimen (no 5-FU bolus and an irinotecan dose 
of 150 mg/m2) is an alternative regimen designed to mini-
mize the risk of adverse events, and since its efficacy is rec-
ognized as being nearly equal to that of FFX [10], members 
of the Japan Clinical Oncology Group (JCOG) recommend 
mFFX as a treatment for advanced pancreatic cancer. How-
ever, many patients in the FFX group received the full FFX 
regimen before this approach was recommended, and that is 
likely to explain why most patients required a dose reduc-
tion because of a severe adverse event (e.g., neutropenia). 
Only one patient in the FFX group in our study received 
mFFX from the beginning. By contrast, most patients in 
the G-nab group received the full doses, and only two older 
patients in the G-nab group required dose reductions: one 
was effectively treated with the lower dose regimen, and the 
other was treated surgically after the chemotherapy. How-
ever, the distant metastasis rate tended to be higher in the 
G-nab group, because there were many cases of metastatic 
pancreatic cancer in the G-nab group.

The FFX group had a DCR of 75% and a RR of 25%, and 
these results were similar to the results of a phase II study of 
Japanese patients (DCR 69.4%, RR 38.9%) [11]. By contrast, 
the G-nab group had a DCR of 86.7% and an RR of 13.3%, 
both of which were lower than the rates in the phase II study 
(DCR 94%, RR 58.8%) [12]. The median OS of 9.8 months 
of the patients with metastasis in the G-nab group was lower 
than the median OS of 13.5 months in the phase II study. 
The poorer results in the present study may be related to 
the relatively low rate of transitioning to second-line treat-
ment after G-nab therapy, which may have been attribut-
able to the relatively poor PS, poor general condition of the 
patients, and poorer cancer prognosis (vs. the FFX group). 
Moreover, the median OS of the FFX group in this study was 
9.7 months, and lower than the median OS of 10.7 months in 
the phase II study. By contrast, the median OS in the G-nab 
group was not calculated because most patients survived 
while receiving G-nab treatment. The 1-year survival rate 
of the G-nab group in the phase II study was 61.8%, and 
comparable to the 67.5% in the present study, but the 1-year 
survival rate of the FFX group in our study was 25%, and 
lower than the 41.5% in the previous phase II study. This 
discrepancy between 1-year survival rate of the FFX group 
in our study and phase II study may be related to the small 

number of patients in the present study. Interestingly, the 
rates of transition to second-line treatment in the present 
study were lower than in the previous phase II study (FFX 
66.7 vs. 92%, G-nab 33.3 vs. 97%), and these differences 
may be related to the small number of patients who had 
many previous histories, and to the timing of the transition 
to second-line treatment.

The grade 3–4 neutropenia rates in the G-nab group and 
FFX group in the present study were the same: 58.3%, but 
lower than the rates in the phase II study [13–15], possibly 
because many of the patients in the FFX group in the present 
study had received mFFX. Moreover, there were no cases of 
febrile neutropenia or grade 3–4 nausea or diarrhea in the 
present study, and these findings may related to the admin-
istration of preventive treatment, such as selective NK1 
receptor antagonist antiemetic drugs and dexamethasone 
during chemotherapy [9]. Taxane drugs are known to cause 
peripheral sensory neuropathy as an adverse effect; however, 
the incidences of grade 3–4 peripheral sensory neuropathy 
in the present study were similar in both groups [15]. The 
lower rate of severe peripheral sensory neuropathy in the 
two groups is likely to have been because treatment was 
discontinued or the doses were carefully reduced whenever 
a patient developed peripheral sensory neuropathy. There 
have been several reports of a correlation between drugs for 
chemotherapy and the occurrence of interstitial pneumonia. 
Interstitial pneumonia is a known complication in treatment 
with G-nab, and it was diagnosed in 26.7% of the patients 
in the G-nab group. However, none of the patients in the 
FFX group developed interstitial pneumonia. Generically, 
interstitial pneumonia induced nab-paclitaxel was reported 
about 1.0%, and there was a high rate of complication by 
interstitial pneumonia in the present study. Several cancers 
are associated with an increased risk of thrombosis, and pan-
creatic cancer, in particular, has been associated with higher 
rate of occurrence of thrombosis and Trousseau syndrome 
[10]. The thrombosis rate during treatment in the present 
study was 41.6% in the FFX group and 6.7% in the G-nab 
group, and the thrombosis may have been caused by treat-
ment-related coagulation abnormalities. The thrombosis in 
the ACCORD11 study was 6.6%, and thrombosis rate in our 
study was higher. Many of the sites of thrombosis were near 
central venous catheters that had been inserted to administer 
FFX therapy, and the thrombosis tended to involve abnor-
malities of the blood coagulation system. In additional limi-
tation, it was a retrospective single-center study of only 27 
patients, and has bias than prospective studies. We should 
investigate a prospective study of a large number of pancre-
atic cancer patients in the future.

In conclusion, no significant differences were found 
between the efficacy of FFX and G-nab in the present study. 
However, G-nab therapy was associated with relatively tol-
erable toxicities and was used to treat older patients and 
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patients with poorer PS. Furthermore, since FFX therapy has 
age-based limitations, requires genetic testing, and requires 
placement of a central venous catheter, G-nab may be more 
appropriate as a first-line therapy for advanced pancreatic 
cancer. If patients do not respond to first-line G-nab therapy, 
it may be prudent to consider S1 monotherapy, based on 
the likelihood that the patient has poor PS and may develop 
neutropenia.
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