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Abstract
Background: Currently, it is unclear whether chemotherapy or chemoradiotherapy (CRT) is the optimal �rst-line
treatment for patients with locally advanced pancreatic adenocarcinoma. In this study, we compared the e�cacy and
safety of FOLFIRINOX (FFX), gemcitabine plus nab-paclitaxel (GnP), and CRT as �rst-line treatments for locally
advanced pancreatic adenocarcinoma.

Methods: We evaluated patients receiving FFX, GnP, or CRT, and assessed treatment e�cacy in terms of overall survival
and progression-free survival. Safety was evaluated using the Common Toxicity Criteria for Adverse Events (version
4.0).

Results: Fifty-�ve patients were included in the analysis (10 for FFX, 25 for GnP, and 20 for CRT). The median overall
survival was 7.1, 16.9, and 20.0 months in the FFX, GnP, and CRT groups, respectively. There was no signi�cant
difference in overall survival between the FFX and GnP groups (HR: 0.503, 95% CI: 0.205–1.238, p = 0.135), FFX and
CRT groups (HR: 0.518, 95% CI: 0.213–1.256, p = 0.136), or GnP and CRT groups (HR: 0.993, 95% CI: 0.451–2.188, p =
0.987). The 1-year survival rates were 40%, 64%, and 60%, whereas the 2-year survival rates were 0%, 16%, and 35% in
the FFX, GnP, and CRT groups, respectively.

Conclusions: Both chemotherapy and CRT were effective and well tolerated. Thus, the combination of intensive
chemotherapy and radiotherapy may be a bene�cial treatment strategy.

Introduction
Pancreatic cancer is the seventh leading cause of cancer-related deaths worldwide[1]. In the metastatic stage, systemic
intensive chemotherapies such as FOLFIRINOX (FFX)[2] and gemcitabine plus nab-paclitaxel (GnP)[3] signi�cantly
improve the overall survival (OS) of patients compared with gemcitabine monotherapy. However, intensive
chemotherapy results in progression-free survival (PFS) of only approximately 6 months, and the 5-year survival rate is
lower than 10%[2, 3]. Although it has been shown that GnP and FFX outperform conventional treatment with respect to
improving the survival rate of patients with distant metastasis, it remains unclear which of the two treatments is
superior because no randomized trials have compared the e�cacy of GnP to that of FFX in patients with metastatic
cancer. Furthermore, patients with locally advanced pancreatic cancer (LAPC) have been excluded from pivotal
studies[2, 3], and a randomized phase II trial comparing these two regimens in patients with LAPC is still ongoing[4].

Meanwhile, chemoradiotherapy (CRT) has shown good outcomes[5–7]; thus, it is considered one of the standard
treatment modalities for LAPC. In Japan, CRT combined with S-1, a combination of tegafur, gimeracil, and oteracil
potassium, is recommended[5, 8, 9]. However, no randomized trial has compared the current standard combination
chemotherapy and S-1-based CRT. Therefore, it remains unclear whether chemotherapy or CRT is the optimal �rst-line
treatment modality for patients with LAPC. In this study, we compared the e�cacy and safety of FFX, GnP, and CRT as
�rst-line treatments for patients with LAPC.

Results

Patient characteristics
The clinicopathological characteristics of the patients are listed in Table 1. Overall, 55 patients were included in the
analysis. Among them, 10, 25, and 20 patients received FFX, GnP, and CRT, respectively, as �rst-line treatments (Fig. 1).
In the FFX group, six patients received modi�ed FOLFIRINOX (mFFX) and four patients received FFX. In total, 10
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(100%), 25 (100%), and 19 (95%) patients in the FFX, GnP, and CRT groups, respectively, had an Eastern Cooperative
Oncology Group performance status of 0 or 1. There were 10 (100%), 24 (96%), and 14 (70%) patients in the FFX, GnP,
and CRT groups, respectively, with pancreatic head cancer. Furthermore, one (10%), six (24%), and four (20%) patients
in the FFX, GnP, and CRT groups, respectively, had metastatic lymph nodes, and 6 (60%), 9 (36%), and 10 (50%)
patients, respectively, underwent stent implantation.

Table 1
Patient characteristics

    FFX
group

GnP group CRT
group

p-
value

    N = 10 N = 25 N = 20

Sex Male/female 7/3 12/13 13/7 0.364*

Age Median

(range)

65.5

(49–69)

67

(33–72)

66

(52–81)

0.507†

PS 0/1/≥2 6/4/0 12/13/0 6/13/1 0.387*

Tumor location Head/body/tail 10/0/0 14/10/1 14/6/0 0.162*

Pathology Adenocarcinoma/adenosquamous
carcinoma

9/1 25/0 20/0 0.176*

Lymph node
metastasis

Yes/no 1/9 6/19 4/16 0.646*

CA19-9 Median

(range)

112.5

(1.3–
1253)

120

(1.0–
15586)

206

(1–
7606)

0.800†

Stent Yes/no 6/4 9/16 10/10 0.383*

*: Fisher’s exact test

†: Kruskal–Wallis test

FFX: FOLFIRINOX, GnP: Gemcitabine plus nab-paclitaxel, CRT: chemoradiotherapy, PS: performance status, CA 19 
− 9: colorectal carcinoma antigen.

Treatment Exposure
On 30 September 2019, the cut-off date, 51 patients discontinued �rst-line treatment with a median follow-up time of
13.3 months. In total, six (60%), eight (32%), and two (10%) patients in the FFX, GnP, and CRT groups, respectively,
discontinued treatment because of disease progression. Meanwhile, 7 (70%), 16 (64%), and 18 (90%) patients in the
FFX, GnP, and CRT groups, respectively, received the subsequent therapy (Table 2). In the FFX group, three (30%)
patients received gemcitabine monotherapy or GnP. In the GnP group, eight (32%) patients received CRT, and three
(12%) patients underwent conversion surgery. In the CRT group, 14 (70%) patients received GnP, whereas 3 (15%)
patients received gemcitabine monotherapy. In the FFX group, the median relative dose intensities of bolus 5-FU, civ 5-
FU, irinotecan, and oxaliplatin were 0.12, 0.82, 0.72, and 0.77, respectively. In the mFFX group, the median relative dose
intensities of civ 5-FU, irinotecan, and oxaliplatin were 0.7, 0.56, and 0.48, respectively. The median relative dose
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intensity of irinotecan was 0.72 in the FFX group and 0.55 in the mFFX group. In the GnP group, the median relative
dose intensities of gemcitabine and nab-paclitaxel were 0.76 and 0.68, respectively.

Table 2
Post-treatment outcomes

    FFX group

N = 10

GnP group

N = 25

CRT group

N = 20

Discontinued treatment   10 21  

Reason Progression

Adverse events

Conversion surgery

Completion of CRT

Change to CRT

Others

6

2

0

-

1

1

8

3

3

-

7

0

3

0

0

17

-

0

Post-treatment

Conversion surgery

Chemotherapy

Yes/no

FFX

FOLFOX

GnP

GEM

CRT

S-1

7/2

0

-

-

3

3

0

1

16/5

3

1

1

-

1

8

3

18/2

0

0

0

14

3

-

1

FFX: FOLFIRINOX, GnP: Gemcitabine plus nab-paclitaxel, CRT: chemoradiotherapy, GEM: Gemcitabine. S-1,
combination of tegafur, gimeracil, and oteracil potassium

E�cacy
The treatment responses of the mFFX and GnP groups are summarized in Table 3. Of the 55 patients, 49 patients had
measurable lesions. The objective response rates were 11%, 17%, and 6%, whereas the disease control rates were 67%,
78%, and 77% in the FFX, GnP, and CRT groups, respectively. The median PFS was 4.2 months (95% CI: 3.1–5.2) in the
FFX group and 3.9 months (95% CI: 2.9–4.8) in the GnP group (HR: 1.033, 95% CI: 0.465–2.299) (Fig. 2a), with no
signi�cant difference (HR: 1.033, 95% CI: 0.465–2.299, p = 0.936). The median PFS of the CRT group was de�ned from
the start of CRT to the �rst progression, because almost all patients in this group discontinued treatment at the end of
radiotherapy and changed regimens. The median PFS of the CRT group was 5.6 months (95% CI: 2.1–9.1).

The median OS of the FFX, GnP, and CRT groups was 7.1 months (95% CI: 2.7–11.6), 16.9 months (95% CI: 11.7–22.2),
and 20.0 months (95% CI: 8.9–31.1), respectively. There was no signi�cant difference in OS between the FFX and GnP
(HR: 0.503, 95% CI, 0.205–1.238, p = 0.135), FFX and CRT (HR: 0.518, 95% CI, 0.213–1.256, p = 0.146), and GnP and
CRT (HR: 0.993, 95% CI: 0.451–2.188, p = 0.987) groups (Fig. 2b). The 1-year survival rates were 40%, 64%, and 60%,
whereas the 2-year survival rates were 0%, 16%, and 35%, in the FFX, GnP, and CRT groups, respectively.
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Table 3
Treatment response

  N CR PR SD PD NE RR (%) DCR (%)

FFX group 9 0 1 5 2 1 11 67

GnP group 23 0 4 14 2 3 17 78

CRT group 17 0 1 12 3 1 6 77

RR: p = 0.734*

DCR: p = 0.825*

* Fisher’s exact test

FFX: FOLFIRINOX, GnP: Gemcitabine plus nab-paclitaxel, CRT: chemoradiotherapy, CR: complete response, PR:
partial response, SD: stable disease, PD: progressive disease, NE: not evaluable, RR: response rate, DCR: disease
control rate, N: number of patients.

Safety Analysis
The treatment-related adverse events (AEs) are shown in Table 4. No patient died of a treatment-related cause. Among
the hematological AEs, severe (grade 3 or 4) neutropenia was signi�cantly more frequent in the FFX (70%) and GnP
(44%) groups than in the CRT group (0%) (p < 0.001), whereas nausea was more frequent in the CRT group (70%) than
in the chemotherapy groups (32% in the FFX group and 40% in the GnP group).
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Table 4
Safety pro�le

  FFX group

N = 10

GnP group

N = 25

CRT group

N = 20

  All ≥ G3 All ≥ G3 All ≥ G3

Leukopenia 8 (80) 3 (30) 16 (64) 6 (24) 8 (40) 1 (5)

Neutropenia 8 (80) 7 (70) 18 (72) 11 (44) 7 (35) 0

Anemia 9 (90) 1 (10) 24 (96) 3 (12) 14 (70) 1 (5)

Thrombocytopenia 9 (90) 0 15 (60) 0 12 (60) 0

Febrile neutropenia 1 (10) 1 (10) 0 0 0 0

Nausea 4 (40) 0 8 (32) 0 14 (70) 0

Vomiting 0 0 1 (4) 0 2 (10) 0

Fatigue 5 (50) 1 (10) 12 (48) 0 5 (25) 0

Anorexia 8 (80) 1 (10) 13 (52) 0 14 (70) 0

Diarrhea 5 (50) 0 4 (16) 0 4 (20) 0

Alopecia 3 (30) - 12 (48) - 0 -

Peripheral sensory neuropathy 4(40) 1 (4) 14 (56) 1 (4) 0 0

FFX: FOLFIRINOX, GnP: Gemcitabine plus nab-paclitaxel, CRT: chemoradiotherapy.

Discussion
In this study, we compared the e�cacy and safety of FFX, GnP, and CRT as �rst-line treatments for LAPC. We found
that both chemotherapy and CRT were effective for LAPC. In general, patients with LAPC have better outcomes than
those with metastatic pancreatic cancer[10, 11]. Thus, the treatment strategy differs between them. Conversion surgery
is sometimes considered for LAPC, whereas surgery is not recommended for metastatic pancreatic cancer[9, 12].
Currently, metastatic pancreatic cancer and LAPC are regarded as different entities, and patients have been separately
enrolled for different trials. Among patients with LAPC, borderline resectable pancreatic cancer is associated with
better outcomes than truly unresectable tumors. Therefore, we excluded patients with borderline resectable pancreatic
cancer from the present study. As for e�cacy, the FFX group showed similar PFS to the GnP group, but the median
survival time of the FFX group was shorter than that of the GnP and CRT groups. The difference in post �rst-line
treatment time between the FFX and GnP groups contributed to the difference in median survival time between these
groups. In the FFX group, almost half of the patients received gemcitabine monotherapy as second-line treatment. This
was less effective than second-line treatment, which included CRT and conversion surgery, in the GnP group. We did
not conclude that FFX was less effective than GnP for patients with LAPC because of the small number of patients
and the retrospective design of the present study.

Evidence of the e�cacy and safety of FFX and GnP for LAPC is limited. In a multicenter observational study in Japan,
FFX showed good OS of 18.5 months for LAPC[13]. GnP for unresectable LAPC also showed good PFS of 9.4 months
and OS of 19.6 months in a multicenter retrospective study[14]. However, evidence from randomized studies of the
e�cacy of FFX and GnP for LAPC is lacking. Nevertheless, considering the improved clinical outcomes for patients
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with metastatic pancreatic cancer[2, 3] and given the supporting conclusions from observational and retrospective
studies[13, 14], intensive chemotherapies appear to have clinical bene�ts in LAPC.

CRT is considered to be effective for local control, but not for preventing distant metastasis[9]. Therefore, using CRT
confers a risk of early progression and distant metastasis. In this study, we found that �rst-line CRT was well tolerated
and enabled good disease control. No patient in the CRT group developed progressive disease with distant metastasis
at the end of the treatment.

The optimal treatment modality (CRT vs. chemotherapy) for patients with LAPC remains unclear. Several randomized
trials have shown a clinical bene�t of CRT for patients with LAPC. The combination of 5-FU and CRT (50.4 Gy) has
shown better OS than the best supportive care[6]. The combination of gemcitabine and CRT has also resulted in better
survival than gemcitabine monotherapy[7]. However, the chemotherapy regimen used in previous trials is less effective
than the current standard regimen of FFX or GnP. There has been no randomized controlled trial comparing CRT and
the current standard intensive regimen (FFX or GnP). In addition, there has been no randomized controlled trial
comparing chemotherapy with the combination of S-1 and CRT, which has shown good outcomes for patients with
LAPC and is the current standard regimen in Japan[5]. Furthermore, the maintenance therapy of previous clinical trials
of S-1 with concurrent radiation therapy was S-1 monotherapy[5] or gemcitabine monotherapy[15], which may be
insu�cient. The present study shows that chemotherapy and CRT have similar e�cacy. CRT has been reported to be
fairly effective in preventing early metastasis. In this study, none of the patients in the CRT group experienced early
metastasis; however, one patient in the CRT group developed early disease progression in the primary site. Many
patients received GnP as maintenance therapy after CRT, which may have contributed to the good outcomes of CRT. As
for safety, chemotherapy and CRT showed different trends in AEs. Hematological AEs such as neutropenia were more
frequent in the chemotherapy groups than in the CRT group, whereas nausea was more common in the CRT group than
in the chemotherapy groups. Considering the difference in safety pro�le may help in selecting a treatment.

Biomarkers are also important in selecting a treatment. Several studies have attempted to develop a classi�cation
based on tumor molecular pro�les[16–20]. Mo�tt et al. classi�ed pancreatic cancer into two types, classical and
basal-like[20]. The classical type has a better median OS than the basal-like type. Notably, FFX had worse e�cacy in
the basal-like type than in the classical type, whereas GnP showed similar e�cacy in both[21]. This classi�cation may
be helpful in selecting the appropriate chemotherapy regimen. As for GnP, the activity of cytidine deaminase, which
converts gemcitabine to its inactive form, is associated with the e�cacy and toxicity of gemcitabine-containing
chemotherapy[22, 23].

The present study has some limitations. First, this is a single-center retrospective study and included a relatively small
number of patients. Second, the treatment strategies were chosen by the patients, which might have introduced
selection bias. Prospective trials comparing chemotherapy and CRT are needed to verify our �ndings.

In conclusion, both chemotherapy and CRT were well tolerated and showed similar e�cacy for LAPC. CRT as �rst-line
treatment did not increase the risk of early disease progression and distant metastasis. Thus, the combination of
intensive chemotherapy and CRT may be a good strategy for LAPC.

Methods

Patients and study design
This was a retrospective study of patients with LAPC who received FFX, GnP, or S-1 with concurrent radiation therapy
as �rst-line treatment between January 2014 and December 2018 at Hokkaido University Hospital. The eligibility
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criteria were patients ≥ 20 years of age, with histologically or cytologically con�rmed pancreatic adenocarcinoma. This
study was approved by the institutional review board of Hokkaido University Hospital (approval number: 019–0074).
The need for informed consent was waived because of the retrospective nature of the study. This research was
announced on a website (http://www.huhp.hokudai.ac.jp/).

Treatment Protocol
All treatment protocols were continued until disease progression, occurrence of unacceptable AEs, or patient’s refusal
to continue. All treatment plans were prepared by the attending physicians, and the patients selected their preferred
treatment.

FOLFIRINOX
This regimen was administered as follows: 2-h intravenous (i.v.) infusion of 85 mg/m2 oxaliplatin and 2-h i.v. infusion
of 200 mg/m2 l-leucovorin (during which 180 mg/m2 irinotecan was also i.v. infused for over 90 min), followed by an
i.v. bolus of 400 mg/m2 5-FU and continuous i.v. infusion of 2400 mg/m2 5-FU for over 46 h[2].

Modi�ed FFX
mFFX was administered as follows: 2-h i.v. infusion of 85 mg/m2 oxaliplatin and 2-h i.v. infusion of 200 mg/m2 l-
leucovorin. Irinotecan (150 mg/m2) was also i.v. infused for over 90 min, followed by continuous i.v. infusion of 2400
mg/m2 5-FU for over 46 h every 2 weeks. Bolus 5-FU was omitted[24].

Gemcitabine plus nab-paclitaxel
This regimen was administered as follows: 30-min i.v. infusion of 125 mg/m2 nab-paclitaxel, followed by 30-min i.v.
infusion of 1000 mg/m2 gemcitabine on days 1, 8, and 15 in a 4-week cycle[3].

Chemoradiotherapy
S-1 was administered orally at a dose of 40 mg/m2 twice on the day of irradiation during radiation therapy. The initial
doses were determined according to the body surface area (BSA) as follows: patients with a BSA of < 1.25 m2 received
40 mg/dose, BSA of 1.25–1.5 m2 received 50 mg/dose, and BSA of ≥ 1.5 m2 received 60 mg/dose[5]. Radiotherapy
was initiated on day 1 of the treatment period using 10-MV photons. A fractional daily dose of 1.8 Gy (5 days/week) at
the isocenter, up to a total dose of 50.4 Gy, was prescribed[5].

Outcome Assessment
Outcome assessment
E�cacy was assessed using OS, which was measured from the date of treatment initiation to the date of death or the
date of the last follow-up, and PFS. PFS was de�ned as the time from the date of treatment initiation to the �rst
documentation of disease progression or death. Patients whose treatment regimens were changed without evidence of
progression were censored. Tumor response was evaluated according to the Response Evaluation Criteria in Solid
Tumors (v. 1.1)[25]. Toxicity was graded following the Common Toxicity Criteria for Adverse Events (v. 4.0)[26].

Statistical analysis
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Qualitative and quantitative variables were compared using the chi-square test or Fisher’s test and using a
nonparametric (Wilcoxon) test, respectively. Data are presented with 95% con�dence intervals calculated using
standard methods based on a binomial distribution. Survival was analyzed using the Kaplan–Meier method and
compared according to treatment regimens (FFX, GnP, and CRT) using a log-rank test and the Cox proportional hazard
model. Both e�cacy and safety analyses included all patients who received at least one dose of chemotherapy. All
analyses were conducted using SPSS v. 25 (IBM, Armonk, NY, USA). All tests were two-sided, and results with p-values
of < 0.05 were considered statistically signi�cant.

Abbreviations
AE, adverse event; CRT, chemoradiotherapy; FFX, FOLFIRINOX; GnP, gemcitabine plus nab-paclitaxel; LAPC, locally
advanced pancreatic cancer; OS, overall survival; PFS, progression-free survival.
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Figures

Figure 1
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Patient inclusion �owchart. FFX: FOLFIRINOX, GnP: Gemcitabine plus nab-paclitaxel, CRT: chemoradiotherapy.

Figure 2

Kaplan–Meier curves for (a) progression-free survival and (b) overall survival. FFX: FOLFIRINOX, GnP: Gemcitabine
plus nab-paclitaxel, CRT: chemoradiotherapy.


