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BACKGROUND
Among patients with metastatic pancreatic cancer, combination chemotherapy with fluoro-
uracil, leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) leads to longer overall survival 
than gemcitabine therapy. We compared the efficacy and safety of a modified FOLFIRINOX 
regimen with gemcitabine as adjuvant therapy in patients with resected pancreatic cancer.

METHODS
We randomly assigned 493 patients with resected pancreatic ductal adenocarcinoma to 
receive a modified FOLFIRINOX regimen (oxaliplatin [85 mg per square meter of body-
surface area], irinotecan [180 mg per square meter, reduced to 150 mg per square meter 
after a protocol-specified safety analysis], leucovorin [400 mg per square meter], and 
fluorouracil [2400 mg per square meter] every 2 weeks) or gemcitabine (1000 mg per 
square meter on days 1, 8, and 15 every 4 weeks) for 24 weeks. The primary end point 
was disease-free survival. Secondary end points included overall survival and safety.

RESULTS
At a median follow-up of 33.6 months, the median disease-free survival was 21.6 months in 
the modified-FOLFIRINOX group and 12.8 months in the gemcitabine group (stratified 
hazard ratio for cancer-related event, second cancer, or death, 0.58; 95% confidence interval 
[CI], 0.46 to 0.73; P<0.001). The disease-free survival rate at 3 years was 39.7% in the modi-
fied-FOLFIRINOX group and 21.4% in the gemcitabine group. The median overall survival 
was 54.4 months in the modified-FOLFIRINOX group and 35.0 months in the gemcitabine 
group (stratified hazard ratio for death, 0.64; 95% CI, 0.48 to 0.86; P = 0.003). The overall 
survival rate at 3 years was 63.4% in the modified-FOLFIRINOX group and 48.6% in the 
gemcitabine group. Adverse events of grade 3 or 4 occurred in 75.9% of the patients in 
the modified-FOLFIRINOX group and in 52.9% of those in the gemcitabine group. One 
patient in the gemcitabine group died from toxic effects (interstitial pneumonitis).

CONCLUSIONS
Adjuvant therapy with a modified FOLFIRINOX regimen led to significantly longer sur-
vival than gemcitabine among patients with resected pancreatic cancer, at the expense of a 
higher incidence of toxic effects. (Funded by R&D Unicancer and others; ClinicalTrials.gov 
number, NCT01526135; EudraCT number, 2011 - 002026 - 52.)
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Pancreatic adenocarcinoma is a ma-
jor cause of cancer-related death in Western 
countries and is anticipated to emerge as 

the second leading cause of cancer-related death 
in the United States by 2030.1 The prognosis of 
patients with pancreatic cancer has changed 
little over the past two decades,2 and according 
to recent studies, it is estimated that almost 
44,000 persons in the United States3 and 89,000 
in Europe4 will die from this disease in 2018.

Surgery offers the only chance of cure, but 
5-year survival rates after surgical resection alone 
are low (approximately 10%).5,6 A 6-month regi-
men of adjuvant therapy with gemcitabine6,7 or a 
fluoropyrimidine (fluorouracil plus leucovorin5,8 
or S-1 in Japan9) has been shown to signifi-
cantly improve outcomes and is recognized as 
standard care in patients with resected pancre-
atic cancer.2,10 However, recurrence rates remain 
high despite adjuvant treatment, with 69 to 75% 
of patients having a relapse within 2 years.7,8,11

The combination of fluorouracil, leucovorin, 
irinotecan, and oxaliplatin (FOLFIRINOX) has 
resulted in longer overall survival than gemcita-
bine when administered as first-line treatment in 
patients with metastatic pancreatic cancer.12 On 
the basis of these results, we initiated a phase 3 
trial to explore the efficacy of FOLFIRINOX, as 
compared with gemcitabine, as adjuvant therapy 
after resection of pancreatic cancer. A modified 
version of the FOLFIRINOX regimen, without 
bolus fluorouracil, was used to decrease the in-
cidence and severity of hematologic toxic effects 
and diarrhea and has been shown to not reduce 
treatment efficacy in patients with advanced 
disease.13

Me thods

Trial Oversight

The trial was designed under the auspices of the 
PRODIGE (Partenariat de Recherche en Oncolo-
gie Digestive) intergroup and the Canadian Can-
cer Trials Group. An independent data and safety 
monitoring committee was established to review 
all the trial data and to ensure the ethical con-
duct of the trial. A central review of surgical 
reports, postsurgical computed tomographic (CT) 
and magnetic resonance imaging (MRI) scans, 
and pathology reports was performed to con-
firm the eligibility of the patients and to check 
major prognostic factors. R&D Unicancer (one 

of the trial sponsors) and its representatives col-
lected and analyzed the data. All the versions of 
the manuscript were prepared by the authors 
(two of whom are employees of R&D Unicancer), 
with editorial and writing assistance funded by 
R&D Unicancer. The investigators agreed to keep 
all the aspects of the trial confidential. All the 
authors reviewed the manuscript and made the 
decision to submit it for publication. All the au-
thors vouch for the accuracy and completeness 
of the data and analyses and for the adherence 
of the trial to the protocol, available with the 
full text of this article at NEJM.org. Oxaliplatin 
was supplied to the Canadian centers by Sanofi-
Aventis Canada, which had no role in the trial 
design, the data collection or analysis, or the 
manuscript preparation or review.

Patients

Patients 18 to 79 years of age who had histo-
logically confirmed pancreatic ductal adenocar-
cinoma, who had undergone complete macro-
scopic (R0 [no cancer cells within 1 mm of all 
resection margins] or R1 [cancer cells present 
within 1 mm of one or more resection margins]) 
resection within 3 to 12 weeks before random-
ization, and who had no evidence of metastatic 
disease, malignant ascites, or pleural effusion 
were eligible for inclusion. Other inclusion crite-
ria were full recovery from surgery, a World 
Health Organization (WHO) performance-status 
score of 0 or 1 (on a 5-point scale, with higher 
numbers indicating greater disability), and ade-
quate hematologic function (absolute neutrophil 
count, ≥1500 per cubic millimeter; platelet count, 
≥100,000 per cubic millimeter; and hemoglobin 
level, ≥10 g per deciliter), liver function (serum 
total bilirubin level, ≤1.5 times the upper limit 
of the normal range), and renal function (creati-
nine clearance, ≥50 ml per minute). Patients with 
nonductal pancreatic tumors, incomplete (R2) 
resection, a serum CA 19-9 level of more than 
180 U per milliliter within 21 days before ran-
domization, receipt of previous chemotherapy 
or radiotherapy, or symptomatic heart failure or 
coronary heart disease were ineligible.

Trial Design

This multicenter, randomized, open-label, phase 3 
trial (PRODIGE 24–ACCORD [Actions Concertées 
dans les Cancers Colorectaux et Digestifs] 24 and 
CCTG PA [Canadian Cancer Trials Group Pancre-
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atic Adenocarcinoma] 6) was conducted at 77 
hospitals in France and Canada. Patients were 
randomly assigned to start receiving the modi-
fied FOLFIRINOX regimen or gemcitabine with-
in 1 week after enrollment. Randomization at a 
1:1 ratio was performed centrally with the use of 
an independent Web-based system, with stratifi-
cation according to trial center, lymph-node 
status (pN0 [no lymph-node involvement] or pN1 
[lymph-node involvement]), resection status (R0 
vs. R1), and CA 19-9 level (≤90 U per milliliter 
vs. 91 to 180 U per milliliter). Randomization of 
patients with pN0 status was also stratified ac-
cording to the number of lymph nodes exam-
ined (<12 vs. ≥12).

The trial protocol was approved by an inde-
pendent ethics committee in France (Comité de 
Protection des Personnes Est III) and by ethics 
committees at participating centers in Canada. 
All the patients provided written informed con-
sent. The trial was conducted in accordance with 
the latest version of the Declaration of Helsinki, 
with the Good Clinical Practice guidelines of the 
International Conference on Harmonisation, and 
with relevant French, European, and Canadian 
laws and directives.

Treatment Regimens

Gemcitabine at a dose of 1000 mg per square 
meter of body-surface area was delivered by 
means of a 30-minute intravenous infusion on 
days 1, 8, and 15 every 28 days for 24 weeks 
(6 cycles). The modified FOLFIRINOX regimen 
consisted of oxaliplatin, at a dose of 85 mg per 
square meter delivered as a 2-hour intravenous 
infusion, followed by leucovorin, at a dose of 
400 mg per square meter given as a 2-hour in-
travenous infusion, and after 30 minutes, the 
addition of irinotecan at a dose of 180 mg per 
square meter administered as a 90-minute intra-
venous infusion, immediately followed by fluo-
rouracil at a dose of 2400 mg per square meter 
administered by continuous intravenous infusion 
over a period of 46 hours, every 14 days for 24 
weeks (12 cycles). The dose of irinotecan was 
reduced to 150 mg per square meter after the 
enrollment of 162 patients, in accordance with 
a protocol-specified safety analysis. In cases of 
febrile neutropenia or delay in treatment admin-
istration due to neutropenia, the use of granulo-
cyte colony-stimulating factor (G-CSF) was ad-
vised for the following cycles. Protocol-specified 

treatment modifications were allowed when pre-
specified toxic effects occurred (see the Supple-
mentary Appendix, available at NEJM.org).

End Points and Assessments

The primary end point was disease-free survival. 
Secondary end points were overall survival, metas-
tasis-free survival, cancer-specific survival, and 
safety. Disease-free survival was calculated from 
the date of randomization until the date of the 
first cancer-related event, second cancer, or death 
from any cause. Overall survival was calculated 
from the date of randomization until death from 
any cause. Metastasis-free survival was calculated 
from the date of randomization until the date 
of the first detectable distant disease or death. 
Cancer-specific survival was calculated from the 
date of randomization until death due to the 
treated cancer or a treatment-related complica-
tion. Patients without events at the time of analy-
sis had their data censored on the date of last 
informative follow-up.

Evaluations at baseline included a postopera-
tive abdominal, thoracic, and pelvic CT scan (or 
MRI if the patient could not receive a contrast 
agent) and the assessment of postoperative se-
rum CA 19-9 levels. At the start of every cycle, 
the status of the patient was assessed by means 
of a complete physical examination, WHO per-
formance-status assessment, complete blood 
counts, and blood biochemical testing. Follow-
up assessments included CT scans or MRI, serum 
CA 19-9 levels, and clinical examinations re-
peated every 3 months for 2 years and then every 
6 months for 3 years. Patients with disease re-
currence were monitored every 6 months for sur-
vival and long-term toxic effects. Safety assess-
ments were performed before each cycle and 
until the end of follow-up. Adverse events were 
graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse 
Events, version 4.0.14

Statistical Analysis

On the basis of a median overall survival benefit 
of 4.3 months with FOLFIRINOX among patients 
with metastatic pancreatic cancer,12 we antici-
pated that the 3-year disease-free survival rate 
would be 10 percentage points higher with the 
modified FOLFIRINOX regimen than with gem-
citabine therapy, which would correspond to a 
hazard ratio for cancer-related event, second 
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cancer, or death of 0.74. We calculated that the 
inclusion of 490 patients (with 342 events re-
quired for the analyses) would provide the trial 
with 80% power to detect a difference of 10 
percentage points in the 3-year disease-free sur-
vival rate at a two-sided significance level of 5%.

On February 5, 2018, for ethical reasons, the 
independent data and safety monitoring com-
mittee recommended early analysis and publica-
tion of the findings. The database was locked on 
April 13, 2018, at which time 314 cancer-related 
events, second cancers, or deaths from any cause 
(91.8% of the expected events regarding disease-
free survival) had occurred. The findings from 
this analysis are presented here.

All the analyses were performed on an inten-
tion-to-treat basis, except for the safety analyses, 
which included only the treated patients. Quali-
tative variables were compared by the chi-square 
test or Fisher’s exact test, and quantitative vari-

ables by the Kruskal–Wallis test. Survival rate 
estimates were calculated with the use of the 
Kaplan–Meier method15 and compared with the 
use of a stratified log-rank test. A Cox propor-
tional-hazards model (stratified according to the 
stratification factors, except for trial center) was 
used to estimate hazard ratios with 95% confi-
dence intervals. The proportional-hazards as-
sumption was verified by the Schoenfeld residual 
method.16 All the tests were two-sided, and a 
P value of less than 0.05 was considered to indi-
cate statistical significance.

A Cox proportional-hazards model was used 
to evaluate the effects of prognostic factors on 
disease-free survival in univariate and multivari-
ate analyses, including the effect size of treat-
ment. Clinically relevant factors or variables with 
P values of less than 0.20 were explored further 
in a multivariate analysis with the use of ascend-
ing or descending selection techniques. Hazard 
ratios indicating the effects of prognostic fac-
tors were calculated and displayed in a forest 
plot.17 The interaction test was used to assess the 
heterogeneity of treatment effects for subgroup 
analyses.18 Exploratory analyses to identify risk 
factors for the occurrence of diarrhea were per-
formed with the use of a logistic-regression 
model. All the analyses were performed with the 
use of Stata software, version 13.0 (StataCorp).

R esult s

Characteristics of the Patients

From April 2012 through October 2016, a total 
of 493 patients at 58 centers in France and 19 
centers in Canada were randomly assigned to 
receive the modified FOLFIRINOX regimen (247 
patients) or gemcitabine (246 patients); these pa-
tients constituted the intention-to-treat popula-
tion (Fig. 1). A total of 9 patients in the modi-
fied-FOLFIRINOX group and 6 in the gemcitabine 
group had major violations of eligibility criteria, 
primarily because some patients were found to 
have metastatic disease (8 and 5 patients, respec-
tively). The demographic and disease character-
istics of the patients at baseline were similar in 
the two treatment groups (Table 1, and Table S1 
in the Supplementary Appendix), except for lym-
phovascular invasion, which was significantly 
more common in the modified-FOLFIRINOX 
group than in the gemcitabine group (73.7% vs. 
63.1%, P = 0.02).

Figure 1. Randomization and Treatment of the Patients.

The modified FOLFIRINOX regimen consisted of fluorouracil (without bolus), 
leucovorin, irinotecan, and oxaliplatin.

493 Patients underwent randomization

247 Were assigned to receive
modified FOLFIRINOX

238 Received modified FOLFIRINOX
9 Did not receive

modified FOLFIRINOX
6 Withdrew consent
2 Had metastatic disease
1 Was withdrawn by physician

246 Were assigned to receive
gemcitabine

243 Received gemcitabine
3 Did not receive gemcitabine

1 Withdrew consent
1 Had metastatic disease
1 Died

80 Discontinued treatment
15 Had relapse
21 Had adverse event
7 Were withdrawn by physician

13 Withdrew
1 Had intercurrent disease
2 Had metastatic disease at enroll-

ment and were included in error
21 Had unknown reason

51 Discontinued treatment
26 Had relapse
11 Had adverse event
2 Were withdrawn by physician
2 Withdrew
2 Had intercurrent disease
8 Had unknown reason

247 Were included in the intention-
to-treat population

238 Were included in the safety
population

246 Were included in the intention-
to-treat population

243 Were included in the safety
population

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV OF PENN LIBRARY on January 3, 2019. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 379;25 nejm.org December 20, 2018 2399

FOLFIRINOX or Gemcitabine for Pancreatic Cancer

Treatment
The median number of cycles was 12 (range, 1 to 
12) in the modified-FOLFIRINOX group and 6 
(range, 1 to 6) in the gemcitabine group (Table 
S2 in the Supplementary Appendix). The median 
duration of treatment was 24.6 weeks (range, 2.0 
to 36.6) in the modified-FOLFIRINOX group and 
24.0 weeks (range, 3.0 to 36.0) in the gemcita-
bine group. A total of 158 patients (66.4%) in the 

modified-FOLFIRINOX group and 192 patients 
(79.0%) in the gemcitabine group received all 
the planned cycles of chemotherapy (P = 0.002). 
The relative dose intensity (i.e., the proportion 
of administered doses per time unit relative to 
planned doses) was 0.70 or higher in 116 patients 
(48.7%) in the modified-FOLFIRINOX group and 
in 222 patients (91.4%) in the gemcitabine group 
(P<0.001).

Characteristic
Modified FOLFIRINOX 

(N = 247)
Gemcitabine 

(N = 246)

Age

Median (range) — yr 63 (30–79) 64 (30–81)

≥70 yr — no. (%) 47 (19.0) 54 (22.0)

Male sex — no. (%) 142 (57.5) 135 (54.9)

WHO performance-status score — no./total no. (%)†

0 122/245 (49.8) 127/242 (52.5)

1 123/245 (50.2) 115/242 (47.5)

Status of surgical margins — no. (%)‡

R0 148 (59.9) 134 (54.5)

R1 99 (40.1) 112 (45.5)

Tumor histologic findings — no./total no. (%)

Ductal adenocarcinoma 244/247 (98.8) 242/245 (98.8)

Nonductal carcinoma 3/247 (1.2) 3/245 (1.2)

Tumor stage — no. (%)§

I 12 (4.9) 14 (5.7)

IIA 43 (17.4) 47 (19.1)

IIB 183 (74.1) 179 (72.8)

III 1 (0.4) 1 (0.4)

IV 8 (3.2) 5 (2.0)

Lymphovascular invasion — no./total no. (%) 154/209 (73.7) 135/214 (63.1)

Perineural invasion — no. (%) 205/221 (92.8) 207/231 (89.6)

Surgery

Venous resection — no./total no. (%) 53/245 (21.6) 69/245 (28.2)

Portal-vein resection — no. (%) 32 (13.0) 42 (17.1)

Superior-mesenteric-vein resection — no. (%) 19 (7.7) 25 (10.2)

Arterial resection — no./total no. (%) 8/247 (3.2) 7/245 (2.9)

*  Patients in the modified-FOLFIRINOX group received fluorouracil (without bolus), leucovorin, irinotecan, and oxaliplatin. 
There were no significant differences between the two treatment groups, except for lymphovascular invasion (P = 0.02).

†  Scores for the World Health Organization (WHO) performance status are assessed on a 5-point scale, with higher 
numbers indicating greater disability; a score of 0 indicates that the patient is fully active and able to carry on activities 
without restriction, and a score of 1 that the patient is restricted in physically strenuous activity but is ambulatory and 
able to carry out light work.

‡  A surgical margin of R0 indicates that no cancer cells were present within 1 mm of all resection margins, and R1 the 
presence of cancer cells within 1 mm of one or more resection margins.

§  Tumor stage was assessed according to the 2009 tumor–node–metastasis (TNM) classification, 7th edition.19

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline (Intention-to-Treat Population).*
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Efficacy

The median duration of follow-up in the inten-
tion-to-treat population was 33.6 months (95% 
confidence interval [CI], 30.3 to 36.0). A cancer-
related event, second cancer, or death oc-
curred in 134 patients (54.3%) in the modified-
FOLFIRINOX group and in 180 (73.2%) in the 
gemcitabine group (Table S3 in the Supplemen-
tary Appendix). The median disease-free survival 
was 21.6 months (95% CI, 17.7 to 27.6) in the 
modified-FOLFIRINOX group, as compared with 
12.8 months (95% CI, 11.7 to 15.2) in the gem-
citabine group (stratified hazard ratio for cancer-
related event, second cancer, or death, 0.58; 95% 
CI, 0.46 to 0.73; P<0.001) (Fig. 2A). Disease-free 
survival rates at 1 year, 2 years, and 3 years were 
69.0% (95% CI, 62.6 to 74.6), 47.0% (95% CI, 
40.2 to 53.5), and 39.7% (95% CI, 32.8 to 46.6), 
respectively, in the modified-FOLFIRINOX group, 
as compared with 53.7% (95% CI, 47.2 to 59.8), 
30.7% (95% CI, 24.8 to 36.8), and 21.4% (95% 
CI, 15.8 to 27.5), respectively, in the gemcitabine 
group. The pattern of recurrence was similar in 
the two groups (Table S3 in the Supplementary 
Appendix).

Tumor grade indicating moderately or poorly 
differentiated or undifferentiated tumor, pN1 
nodal status, higher tumor stage (IIB, III, or IV), 
R1 resection status, superior-mesenteric-vein re-
section, and portal-vein resection were identified 
as adverse prognostic factors for disease-free sur-
vival in the univariate analysis. Tumor grade and 
portal-vein resection were the only adverse prog-
nostic factors that were identified in the multi-
variate analysis. The beneficial effect of the 
modified FOLFIRINOX regimen as compared 
with gemcitabine therapy on disease-free sur-
vival remained significant after adjustment for 
these factors (adjusted hazard ratio for cancer-
related event, second cancer, or death, 0.60; 95% 
CI, 0.48 to 0.76; P<0.001). Details are provided in 
Tables S4 and S5 in the Supplementary Appendix.

The subgroup analysis showed no evidence of 
heterogeneity of the effect size of treatment on 
disease-free survival (Fig. 3). In particular, the 
benefit of the modified FOLFIRINOX regimen as 
compared with gemcitabine therapy was similar 
in patients younger than 65 years of age and 
those 65 years of age or older. In the 101 pa-
tients who were 70 years of age or older (20.5% 
of the trial population), however, the benefit of 
the modified FOLFIRINOX regimen as compared 

with gemcitabine therapy did not reach signifi-
cance (hazard ratio for cancer-related event, 
second cancer, or death, 0.86; 95% CI, 0.53 to 
1.39). The reduction in the irinotecan dose from 
180 mg per square meter (90 patients at this 
level) to 150 mg per square meter (124 patients 
at this level) after a prespecified toxicity analysis 
did not significantly affect disease-free survival 
(hazard ratio in the subgroup with the reduced 
dose, 0.97; 95% CI, 0.67 to 1.40; P = 0.87). A total 
of 24 patients received a maximum dose of irino-
tecan between 155 and 175 mg per square meter.

The median overall survival was 54.4 months 
(95% CI, 41.8 to not reached) in the modified-
FOLFIRINOX group, as compared with 35.0 
months (95% CI, 28.7 to 43.9) in the gemcitabine 
group (stratified hazard ratio for death, 0.64; 
95% CI, 0.48 to 0.86; P = 0.003) (Fig. 2B). The 
overall survival rate at 3 years was 63.4% (95% 
CI, 55.7 to 70.1) in the modified-FOLFIRINOX 
group and 48.6% (95% CI, 40.9 to 55.8) in the 
gemcitabine group.

The median metastasis-free survival was 30.4 
months (95% CI, 21.7 to not reached) in the 
modified-FOLFIRINOX group, as compared with 
17.7 months (95% CI, 14.2 to 21.5) in the gem-
citabine group (stratified hazard ratio for detect-
able distant disease or death, 0.59; 95% CI, 0.46 
to 0.75; P<0.001) (Fig. S1A in the Supplementary 
Appendix). The metastasis-free survival rate at 
3 years was 48.2% (95% CI, 41.0 to 55.0) in the 
modified-FOLFIRINOX group and 30.9% (95% 
CI, 24.4 to 37.6) in the gemcitabine group.

The median cancer-specific survival was not 
reached (95% CI, 47.3 to not reached) in the 
modified-FOLFIRINOX group, as compared with 
36.4 months (95% CI, 30.9 to 46.2) in the gem-
citabine group (stratified hazard ratio for death 
due to the treated cancer or a treatment-related 
complication, 0.63; 95% CI, 0.47 to 0.85; 
P = 0.003) (Fig. S1B in the Supplementary Appen-
dix). The cancer-specific survival rate at 3 years 
was 66.2% (95% CI, 58.7 to 72.7) in the modi-
fied-FOLFIRINOX group and 51.2% (95% CI, 
43.5 to 58.4) in the gemcitabine group.

All the secondary end points remained sig-
nificant after Bonferroni adjustment. Treatments 
that were administered after tumor relapse were 
chemotherapy (in 63.0% of the patients in the 
modified-FOLFIRINOX group [with gemcitabine-
based therapy used in 78.8% of these patients] 
and in 75.7% of the patients in the gemcitabine 
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group [with FOLFIRINOX therapy used in 75.8%]), 
radiotherapy with or without chemotherapy (in 
12.6% and 5.9%, respectively), and surgery (in 4.7% 
and 4.7%) (Table S6 in the Supplementary Ap-
pendix).

Adverse Events

Adverse events of grade 3 or 4 were reported in 
180 of 237 patients (75.9%) in the modified-
FOLFIRINOX group and in 128 of 242 (52.9%) in 
the gemcitabine group, and grade 4 events were 
reported in 29 patients (12.2%) and 29 patients 

(12.0%), respectively (Table 2). One patient in the 
gemcitabine group died because of treatment-
related toxic effects (interstitial pneumonitis). 
All the toxic effects were reversible, except for 
oxaliplatin-induced peripheral neurotoxic effect, 
which was persistent at 3 years in 2 patients in 
the modified-FOLFIRINOX group.

The incidence of grade 3 or 4 events of diar-
rhea, increase in the γ-glutamyltransferase level, 
paresthesia, fatigue, sensory peripheral neuropa-
thy, nausea, vomiting, abdominal pain, and mu-
cositis was significantly higher in the modified-

Figure 2. Kaplan–Meier Estimates of Disease-free Survival and Overall Survival in the Intention-to-Treat Population, 
According to Treatment Group.

The median disease-free survival was 21.6 months in the modified-FOLFIRINOX group, as compared with 12.8 months 
in the gemcitabine group (Panel A). The median overall survival was 54.4 months in the modified-FOLFIRINOX group, 
as compared with 35.0 months in the gemcitabine group (Panel B). Tick marks indicate censored data.
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FOLFIRINOX group, whereas thrombocytopenia 
of grade 3 or 4 was significantly more common 
in the gemcitabine group. The occurrence of 
neutropenia was similar in the two groups, but 
G-CSF was administered to 148 patients (62.2% 

[41.8% of cycles administered in this group]) 
in the modified-FOLFIRINOX group and to only 
9 patients (3.7% [1.1% of cycles]) in the gem-
citabine group (P<0.001). In the modified-
FOLFIRINOX group, 84 of 148 patients (56.8%) 
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received G-CSF as primary prophylaxis or for 
uncomplicated neutropenia without cycle delay.

In the modified-FOLFIRINOX group, diarrhea 
of grade 3 or 4 occurred in 18 of 90 patients 
(20.0%) who received at least one cycle with irino-
tecan at a dose of more than 175 mg per square 
meter and in 21 of 123 patients (17.1%) who re-
ceived irinotecan at a dose of 150 mg or less per 
square meter, with diarrhea occurring in sig-
nificantly fewer cycles at the lower doses (35.3% 
vs. 40.2% of the cycles, P = 0.02). Diarrhea of 
grade 3 or 4 was more likely to occur during the 
first two cycles of the modified FOLFIRINOX 
regimen than during later cycles (Fig. S2 in the 
Supplementary Appendix). Significant predictors 
for the occurrence of diarrhea of grade 3 or 4 
were treatment with the modified FOLFIRINOX 
regimen rather than with gemcitabine (adjusted 
odds ratio, 6.0; 95% CI, 2.9 to 12.8; P<0.001) and 
a higher number of lymph nodes retrieved dur-
ing surgery (≥20 vs. <20; adjusted odds ratio, 2.4; 
95% CI, 1.3 to 4.4; P<0.001). No significant dif-

ferences in the incidence of toxic effects of grade 
3 or 4, either as the most common events or 
overall, were seen between the two treatment 
groups regardless of the age of the patients (<70 
or ≥70 years).

Discussion

In this trial involving patients with resected pan-
creatic adenocarcinoma, adjuvant chemotherapy 
with a modified FOLFIRINOX regimen led to 
significantly longer disease-free survival, overall 
survival, metastasis-free survival, and cancer-
specific survival than treatment with gemcitabine. 
The median disease-free survival (primary end 
point) was significantly longer, by 8.8 months, 
in the modified-FOLFIRINOX group than in the 
gemcitabine group. The disease-free survival ben-
efit with modified FOLFIRINOX was significant 
in the majority of subgroups, including subgroups 
of patients with adverse prognostic factors (i.e., 
T3 or T4 tumor status, positive lymph nodes, or 
R1 resection).

The median disease-free survival in the gem-
citabine group (12.8 months) was similar to that 
reported in previous phase 3 trials of adjuvant 
therapy (11.3 to 15.3 months), although the me-
dian overall survival was longer in our trial (35.0 
months vs. 20.1 to 26.5 months).5,7,9,11,20 This may 
be due to the high use of FOLFIRINOX after re-
lapse in the gemcitabine group (in 76% of the 
patients). Nevertheless, overall survival was signifi-
cantly longer, by 19.4 months, in the modified-
FOLFIRINOX group than in the gemcitabine 
group, with a similar duration of follow-up in 
each group. However, the data remain immature, 
with 61% of all the patients being alive at the 
time of analysis.

As expected, the safety profile of the modi-
fied FOLFIRINOX regimen was less favorable than 
that of gemcitabine but appeared to be manage-
able. The occurrence of neutropenia of grade 3 
or 4 was efficiently reduced by the deletion of 
bolus fluorouracil (and a reduction in the irino-
tecan dose) from the FOLFIRINOX regimen — 
from 46% of the patients with metastatic disease 
who received the unmodified regimen in the pre-
vious PRODIGE trial12 to 28% of the patients who 
received the modified FOLFIRINOX regimen in 
the current trial — although the use of G-CSF 
with the modified FOLFIRINOX regimen remained 
high (62% of the patients). Both the protocol-

Figure 3 (facing page). Forest Plot of the Treatment 
 Effect on Disease-free Survival in Subgroup Analyses.

In the analysis of disease-free survival, the hazard ratio 
is for the first cancer-related event, second cancer, or 
death. The position of each square represents the point 
estimate of the treatment effect, and error bars repre-
sent 95% confidence intervals. The sizes of the squares 
are proportional to the precision of the estimates. The 
diamond represents the overall point estimate of the 
treatment effect, with the lateral points indicating the 
95% confidence interval. The vertical line indicates a 
hazard ratio of 1.0, which was the null hypothesis value. 
Scores for the World Health Organization (WHO) per-
formance status are on a 5-point scale, with higher 
numbers indicating greater disability; a score of 0 in-
dicates that the patient is fully active and able to carry 
on activities without restriction, and a score of 1 that 
the patient is restricted in physically strenuous activity 
but is ambulatory and able to carry out light work. Pri-
mary tumor status was assessed as pT1 (tumor limited 
to the pancreas and ≤2 cm in the greatest dimension), 
pT2 (tumor limited to pancreas and >2 cm in the great-
est dimension), pT3 (tumor extends beyond pancreas 
but without involvement of celiac axis or superior mes-
enteric artery), or pT4 (tumor involves celiac axis or su-
perior mesenteric artery). Nodal status was assessed 
as pN0 (no lymph-node involvement) and pN1 (lymph-
node involvement). Tumor stage was assessed accord-
ing to the 2009 tumor–node–metastasis (TNM) classi-
fication, 7th edition.19 A surgical margin of R0 indicates 
that no cancer cells were present within 1 mm of all re-
section margins, and R1 the presence of cancer cells 
within 1 mm of one or more resection margins.
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Event Modified FOLFIRINOX (N = 238) Gemcitabine (N = 243) P Value

Any Grade Grade 3 or 4 Grade 4 Any Grade Grade 3 or 4 Grade 4

number of patients with event (percent)

Hematologic event†

Low hemoglobin level 200 (84.7) 8 (3.4) 0 216 (89.3) 6 (2.5) 0 0.56

Neutropenia 157 (66.5) 67 (28.4) 14 (5.9) 154 (63.6) 63 (26.0) 14 (5.8) 0.56

Febrile neutropenia 7 (3.0) 7 (3.0) 2 (0.8) 10 (4.1) 9 (3.7) 1 (0.4) 0.64

Hyperleukocytosis 110 (46.6) 11 (4.7) 2 (0.8) 134 (55.4) 17 (7.0) 1 (0.4) 0.27

Thrombocytopenia 111 (47.0) 3 (1.3) 0 122 (50.4) 11 (4.5) 3 (1.2) 0.03

Lymphopenia 87 (36.9) 3 (1.3) 0 117 (48.3) 7 (2.9) 1 (0.4) 0.34

Nonhematologic event‡

Fatigue 199 (84.0) 26 (11.0) 0 187 (77.6) 11 (4.6) 0 0.009

Diarrhea 200 (84.4) 44 (18.6) 3 (1.3) 118 (49.0) 9 (3.7) 0 <0.001

Nausea 187 (78.9) 13 (5.5) 0 133 (55.2) 2 (0.8) 0 0.004

Abdominal pain 111 (46.8) 8 (3.4) 0 114 (47.3) 1 (0.4) 0 0.02

Vomiting 108 (45.6) 12 (5.1) 0 70 (29.0) 3 (1.2) 0 0.02

Anorexia 106 (44.7) 6 (2.5) 0 60 (24.9) 3 (1.2) 0 0.34

Sensory peripheral neuropathy 145 (61.2) 22 (9.3) 2 (0.8) 21 (8.7) 0 0 <0.001

Paresthesia 136 (57.4) 30 (12.7) 0 13 (5.4) 0 0 <0.001

Weight loss 90 (38.0) 3 (1.3) 0 49 (20.3) 1 (0.4) 0 0.37

Fever 39 (16.5) 1 (0.4) 0 78 (32.4) 1 (0.4) 0 1.00

Mucositis 80 (33.8) 6 (2.5) 0 36 (14.9) 0 0 0.01

Alopecia§ 64 (27.0) 0 — 47 (19.5) 0 — —

Hand–foot syndrome 12 (5.1) 1 (0.4) 0 2 (0.8) 0 0 0.50

Thrombosis or embolism 14 (5.9) 6 (2.5) 0 19 (7.9) 1 (0.4) 0 0.07

Constipation 49 (20.7) 0 0 52 (21.6) 0 0 —

Biochemical event¶

Increased alanine aminotrans-
ferase level

151 (64.0) 10 (4.2) 0 178 (73.6) 12 (5.0) 0 0.71

Increased aspartate aminotrans-
ferase level

158 (66.9) 9 (3.8) 1 (0.4) 167 (69.0) 8 (3.3) 0 0.76

Increased alkaline phosphatase 
level

173 (73.6) 5 (2.1) 0 111 (45.9) 5 (2.1) 0 1.00

Increased γ-glutamyltransferase 
level

150 (65.2) 42 (18.3) 6 (2.6) 110 (46.0) 20 (8.4) 3 (1.3) 0.002

Hyperglycemia 59 (24.9) 7 (3.0) 0 59 (24.4) 5 (2.1) 0 0.53

*  Per the protocol, in the modified-FOLFIRINOX group, 90 patients (37.8%) received irinotecan at a dose of more than 175 mg per square 
meter of body-surface area, 24 (10.1%) received irinotecan at a dose of 155 to 175 mg per square meter, and 124 (52.1%) received irinote-
can at a dose of less than 155 mg per square meter. Data do not include one patient in each group who did not have safety data; these pa-
tients received one cycle of treatment and then withdrew consent. Safety data were calculated on the basis of the available data (see below). 
P values are for the between-group comparisons of rates of events of grade 3 or 4.

†  Data regarding the hemoglobin level, neutrophil or granulocyte counts, hyperleukocytosis, platelet count, and lymphocyte count were miss-
ing for two patients in the modified-FOLFIRINOX group and for one in the gemcitabine group, and data regarding febrile neutropenia for 
one in each group.

‡  Data regarding nonhematologic events were missing for one patient in the modified-FOLFIRINOX group and for two in the gemcitabine group.
§  There is no grade 4 classification for alopecia.
¶  Data regarding the alanine aminotransferase and aspartate aminotransferase levels were missing for two patients in the modified-FOLFIRINOX 

group and for one in the gemcitabine group; data regarding the alkaline phosphatase level for three and one, respectively; data regarding the 
γ-glutamyltransferase level for eight and four, respectively; and data regarding hyperglycemia for one in each group.

Table 2. Adverse Events during Treatment (Safety Population).*
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specified irinotecan-dose modifications and the 
per-protocol dose reduction of irinotecan to 150 mg 
per square meter significantly reduced the inci-
dence of grade 3 or 4 diarrhea. The occurrence 
of grade 3 or 4 diarrhea in the overall population 
and in the modified-FOLFIRINOX group was 
significantly associated with the number of 
lymph nodes retrieved, as described previously by 
others.21,22

The selection of patients in this trial required 
that patients had to be eligible to receive the 
modified FOLFIRINOX regimen, and all the pa-
tients were required to undergo postsurgical CT 
or MRI and to have postoperative serum CA 19-9 
levels of less than 180 U per milliliter in order 
to minimize the risk of incorrect inclusion of 
patients with metastatic disease. A central review 
of surgical reports, postsurgical CT and MRI 
scans, and pathology reports was performed to 
check prognostic factors. Disease-free survival 
rather than overall survival was chosen as the 
primary end point because it provides an earlier 
assessment of efficacy, requires fewer patients 
for evaluation, and avoids any bias that may 
result from the crossover of patients between 
groups. Although disease-free survival is not vali-
dated as a surrogate end point for overall sur-
vival in trials of adjuvant therapy for pancreatic 
cancer, this criterion was robust and correlated 
with overall survival. Disease-free survival was 
also used as the primary end point and correlated 
with overall survival in the Charité Onkologie 
(CONKO) trials, including a trial that compared 
adjuvant gemcitabine therapy with surgery alone 
(CONKO-001) and two trials that compared 
gemcitabine therapy with the use of gemcitabine 
plus targeted agents (CONKO-005 and CONKO- 
006).7,11,23 Our trial is ongoing, with 3 years of 
follow-up currently.

In conclusion, among patients who underwent 
complete resection of pancreatic cancer, adjuvant 
chemotherapy with a modified FOLFIRINOX reg-
imen led to significantly longer disease-free sur-
vival and overall survival than adjuvant chemo-
therapy with gemcitabine. The incidence of toxic 
effects was higher with the modified FOLFIRINOX 
regimen than with gemcitabine therapy.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.
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