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Abstract
BACKGROUND
FOLFIRINOX regimen is the first-line reference chemotherapy (L1) in advanced
pancreatic ductal adenocarcinoma (aPDAC). FOLFOXIRI, a schedule with a
lower dose of irinotecan and no bolus 5-fluorouracil, has demonstrated efficacy
and feasibility in colorectal cancer.

AIM
To investigate the potential clinical value of FOLFOXIRI in patients with aPDAC
in routine clinical practice.
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METHODS
Analyses were derived from all consecutive aPDAC patients treated in L1
between January 2011 and December 2017 in two French institutions, with either
FOLFOXIRI (n = 165) or FOLFIRINOX (n = 124) regimens. FOLFOXIRI consisted
of irinotecan (165 mg/m2), oxaliplatin (85 mg/m2), leucovorin (200 mg/m2) and 5-
fluorouracil (3200 mg/m2 as a 48-h continuous infusion) every 2 wk. Ninety-six
pairs of patients were selected through propensity score matching, and clinical
outcomes of the two treatment regimens were compared.

RESULTS
Median overall survival was 11.1 mo in the FOLFOXIRI and 11.6 mo in the
FOLFIRINOX cohorts, respectively. After propensity score matching, survival
rates remained similar between the two regimens in terms of overall survival
(hazard ratio = 1.22; P = 0.219) and progression-free survival (hazard ratio = 1.27;
P = 0.120). The objective response rate was 37.1% in the FOLFOXIRI group vs
47.8% in the FOLFIRINOX group (P = 0.187). Grade 3/4 toxicities occurred in
28.7% of patients in the FOLFOXIRI cohort vs 19.5% in the FOLFIRINOX cohort
(P = 0.079). FOLFOXIRI was associated with a higher incidence of grade 3/4
digestive adverse events. Hematopoietic growth factors were used after each
chemotherapy cycle and the low hematological toxicity rates were below 5% with
both regimens.

CONCLUSION
FOLFOXIRI is feasible in L1 in patients with aPDAC but does not confer any
therapeutic benefit as compared with FOLFIRINOX. The low hematological
toxicity rates strengthened the relevance of primary prophylaxis with
hematopoietic growth factors.

Key words: Advanced pancreatic cancer; First-line chemotherapy; FOLFOXIRI;
FOLFIRINOX; Propensity score; Cohort study

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is the first study to compare FOLFOXIRI and FOLFIRINOX regimens
head-to-head, to assess whether FOLFOXIRI contributes to a better balance in the
toxicity/efficacy ratio in advanced pancreatic ductal adenocarcinoma. These findings do
not suggest any therapeutic benefit of FOLFOXIRI compared to FOLFIRINOX in first-
line chemotherapy. These results show that additional evaluation is not warranted in
future clinical trials. FOLFIRINOX chemotherapy remains the standard of care first-line
therapy in metastatic pancreatic ductal adenocarcinoma. Interestingly, the low
hematological toxicity rates in both regimens underscore the relevance of prophylactic
administration of hematopoietic growth factors in routine use after each
polychemotherapy cycle.

Citation: Vienot A, Chevalier H, Bolognini C, Gherga E, Klajer E, Meurisse A, Jary M, Kim
S, d’Engremont C, Nguyen T, Calcagno F, Almotlak H, Fein F, Nasri M, Abdeljaoued S,
Turpin A, Borg C, Vernerey D. FOLFOXIRI vs FOLFIRINOX as first-line chemotherapy in
patients with advanced pancreatic cancer: A population-based cohort study. World J
Gastrointest Oncol 2020; 12(3): 332-346
URL: https://www.wjgnet.com/1948-5204/full/v12/i3/332.htm
DOI: https://dx.doi.org/10.4251/wjgo.v12.i3.332

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) carries a poor prognosis, with a 5-year
overall survival (OS) rate of only 8%-9% for all stages taken together[1]. Pancreatic
cancer is expected to become the second leading cause of cancer death in the United
States and Europe by 2030[2,3]. This poor prognosis is mainly due to late diagnosis,
with only 20% of patients with PDAC eligible for surgery. Complete surgical resection
of localized PDAC followed by 6 mo of adjuvant chemotherapy is the only recognized
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standard of care that has been shown to improve patient survival, with a median OS
up to 54.4 mo with modified FOLFIRINOX [5-fluorouracil (5-FU), irinotecan, and
oxaliplatin][4]. Furthermore, more than 80% of cases are diagnosed at an advanced,
unresectable stage, with almost 50% of patients presenting with metastatic disease
and almost 30% with locoregional extension[1]. In addition, it has been shown that
most patients who undergo surgery develop further tumor recurrence[4].

Advanced or  recurrent  PDAC remains a  challenging,  non-curable  disease,  for
which therapeutic options are still limited and mainly rely on supportive care and
systemic  chemotherapy to  improve patient  OS and health-related quality  of  life
(HRQoL)[5].  Up  to  2010,  gemcitabine  was  the  only  standard  of  care  as  first-line
chemotherapy  (L1)  in  patients  with  metastatic  PDAC[6].  Over  the  last  decade,
incremental progress has been achieved in the landscape of advanced PDAC (aPDAC)
management  with  the  approval  of  two  active  cytotoxic  combinations,  namely
FOLFIRINOX,  and  gemcitabine  plus  nab-paclitaxel  regimens[7,8].  FOLFIRINOX
polychemotherapy became a reference regimen in this setting, based on the results of
the  PRODIGE  4/ACCORD  11  phase  III  trial[7].  This  study  demonstrated  the
superiority of FOLFIRINOX over gemcitabine monotherapy in terms of OS (median:
11.1 vs 6.8 mo; P < 0.001) and progression-free survival (PFS; median: 6.4 mo vs 3.3
mo; P < 0.001) in 342 selected patients with metastatic PDAC, age < 76 years, Eastern
Cooperative Oncology Group performance status 0-1, and normal bilirubin level (<
1.5 times the upper limit of normal). The objective response rate for FOLFIRINOX was
31.6% vs 9.4% for gemcitabine (P < 0.001). FOLFIRINOX consisted of oxaliplatin (85
mg/m2),  irinotecan (180 mg/m2),  leucovorin (400 mg/m2),  and 5-FU (400 mg/m2

administered  by  intravenous  bolus,  followed  by  2400  mg/m2  given  as  a  46-h
continuous infusion), every 2 wk[7].

The HRQoL of patients was significantly better with FOLFIRINOX as compared
with gemcitabine, except for diarrhea[9]. A higher incidence of adverse events was
observed with the FOLFIRINOX group, including grade 3 or 4 neutropenia (45.7%),
febrile neutropenia (5.4%) and diarrhea (12.7%)[7]. A retrospective study evaluated a
“modified FOLFIRINOX” regimen without the bolus of 5-FU, and administration of
hematopoietic growth factors to all patients with aPDAC[10].  This study showed a
better safety profile (grade 3 or 4 neutropenia 3%), and maintained efficacy, with a
response rate  of  30% and a median OS of  16.4  mo (9  mo for  metastatic  disease).
However, the incidence of severe diarrhea remained high, at 13%[10].

FOLFOXIRI, another modified schedule was developed based on the experience of
the Gruppo Oncologico Nord Ovest (GONO) in metastatic colorectal cancers[11]  to
limit digestive and hematological toxicities. This regimen consisted of a lower dose of
irinotecan (165 mg/m2), no bolus of 5-FU, and an increase in continuous intravenous
5-FU infusion at 3200 mg/m2, while oxaliplatin and leucovorin remained unchanged.
To the best of our knowledge, to date, the FOLFOXIRI and FOLFIRINOX regimens
have never been compared head-to-head. In this exploratory population-based cohort
study,  we  aimed  to  compare  clinical  outcomes,  in  terms  of  safety  and  efficacy,
between the FOLFOXIRI and FOLFIRINOX regimens, in patients with aPDAC in
routine clinical practice.

MATERIALS AND METHODS

Patients
All consecutive patients with histologically proven aPDAC (i.e., metastatic, locally
advanced,  or  recurrent  after  surgery)  who  were  treated  in  L1  in  two  French
institutions  were  included.  Patients  treated  with  FOLFOXIRI  were  enrolled  at
Besancon University Hospital, between January 2011 and December 2015, whereas,
the FOLFIRINOX group comprised patients who received this standard regimen at
Lille University Hospital, between January 2011 and December 2017. Patients were
prospectively identified through the chemotherapy prescribing software used at
Besancon (Bonnes Pratiques de la Chimiothérapie - BPC®, SQLI) and Lille University
Hospitals  (CHIMIO®,  Computer  Engineering).  Patients  with early  postoperative
tumor  relapse  (i.e.,  within  6  mo  after  the  last  administration  of  the  adjuvant
chemotherapy)  were  excluded.  All  therapeutic  decisions  were  discussed  and
validated during digestive oncology-dedicated multidisciplinary meetings. Computed
tomography-scan assessment was performed every 3 mo.

The database was registered and declared to the National French Commission for
bioinformatics data and patient liberty (CNIL; No. of CNIL declaration: 1906173 v 0).
The study followed standard procedures in France, with approval by the relevant
institutional  review boards.  All  patients  with  cancer  signed a  general  informed
consent at the time of their first visit to both Medical Oncology Departments. This
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consent allows the use of their clinical and biological data in the cohort study. No
additional  specific  informed  consent  for  this  study  was  deemed  necessary.
Demographics,  cancer history,  pathological,  clinical,  biological,  and radiological
parameters  at  chemotherapy  initiation,  as  well  as  treatment  outcomes,  were
retrospectively collected from medical records. The database was locked on April 23,
2019.

Treatment regimens
FOLFIRINOX was administered according to the standard schedule validated by the
PRODIGE  4/ACCORD  11  study.  This  regimen  consisted  of  a  combination  of
oxaliplatin (85 mg/m2, over 2 h), followed by leucovorin (400 mg/m2, over 2 h), with
the addition through a Y-connector, after 30 min, of irinotecan (180 mg/m2, over 90
min),  followed  by  5-FU  (400  mg/m2)  by  intravenous  bolus,  on  Day  1.  Then,  a
continuous intravenous infusion of 5-FU (2400 mg/m2) was administered over 46 h
starting on Day 1[7]. FOLFOXIRI consisted of the same molecules with a reduced dose
of irinotecan and no bolus 5-FU, according to the GONO regimen used in metastatic
colorectal  cancer:  Irinotecan (165  mg/m2,  over  1  h),  followed by  oxaliplatin  (85
mg/m2) and leucovorin (200 mg/m2) concomitantly over 2 h through a Yconnector,
on Day 1; and followed by a continuous intravenous infusion of 5-FU (3200 mg/m2)
over 48 h starting on Day 1[11]. These two treatments were administered every 2 wk
until disease progression or unacceptable toxicity. Hematopoietic growth factors were
systematically used after each chemotherapy cycle in at least 80% of cases in the
FOLFIRINOX group and for all patients enrolled in the FOLFOXIRI group.

Statistical analysis
Median value (interquartile range) and frequency (percentage) were provided for the
description  of  continuous  and  categorical  variables,  respectively.  Medians  and
proportions were compared between the FOLFIRINOX and FOLFOXIRI groups using
Wilcoxon–Mann–Whitney and chi-square tests (or Fisher’s exact test, if appropriate),
respectively. OS was calculated from the date of the first administration of L1 to the
date of death from any cause. Survival data were censored at the last follow-up. PFS
was  calculated  from  the  date  of  the  first  administration  of  L1  to  the  date  of
progression or death from any cause, or the date of the last follow-up, at which point
data were censored. OS and PFS were estimated using the Kaplan-Meier method and
described using median or rate at specific time points with 95% confidence intervals
(CIs), and compared using the log-rank test. Follow-up time was calculated using a
reverse Kaplan-Meier estimation when feasible[12].  Objective tumor response was
determined according to Response Evaluation Criteria in Solid Tumors (RECIST) v1.1
criteria[13]. Toxicity was evaluated according to the National Cancer Institute Common
Terminology Criteria[14].

The primary analysis was conducted using data from the total population, and
compared characteristics and outcomes between the FOLFIRINOX and FOLFOXIRI
groups.  A  propensity  score  approach  was  then  applied  to  deal  with  potential
heterogeneity in baseline characteristics between the two administered regimens in
L1.  Two methods  were  used  to  address  the  potential  confounding  effect  of  the
unbalanced factors: First, the inverse probability of treatment weighting (IPTW) and
second, propensity score matching[15]. Propensity score construction was based on
probability  estimation with a  nonparsimonious multivariable  logistic  regression
model  including  the  main  parameters  distributed  unequally  between  the
FOLFIRINOX  and  FOLFOXIRI  groups.  Hazard  ratios  (HRs)  and  95%CIs  were
estimated using the IPTW Cox proportional hazards model. Accuracy of the model
was verified by testing discrimination and calibration. Discrimination of the IPTW
Cox  model  was  assessed  by  the  area  under  the  curve,  and  calibration  by  the
Hosmer–Lemeshow goodness-of-fit test. Propensity score matching, based on the
caliper method with a ratio of 1:1, was performed to generate two samples with well-
balanced characteristics.  Sensitivity analysis  to  determine the reliability  and the
robustness of the primary analysis was performed in the subgroup of patients with
metastatic disease. All analyses were performed using SAS software version 9.4 (SAS
Institute, Cary NC, USA). P < 0.05 were considered statistically significant, and all
tests were two-sided.

RESULTS

Patient characteristics
A total of 289 patients with aPDAC treated in L1 were included in this study. Of these
patients,  124  received  the  FOLFIRINOX  regimen  and  165  received  FOLFOXIRI
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chemotherapy. Patient characteristics of the two treatment groups are described and
compared in Table 1. The two cohorts displayed similar characteristics, except for
primary tumor site (located in the pancreatic head in 43.1% in the FOLFIRINOX
group vs  56.7% in the FOLFOXIRI group;  P  = 0.022),  histological  grade,  stage at
chemotherapy initiation (88.7% had metastatic stage in the FOLFIRINOX group vs
63.6%  in  the  FOLFOXIRI  group;  P  <  0.001),  and  pain  (corresponding  to  the
prescription  of  morphine).  Of  note,  patients  in  the  FOLFIRINOX  group  had  a
significantly higher albumin level (39.1 g/L vs 35.0 g/L; P < 0.001), and an increased
number of metastatic sites (P < 0.001) than those in the FOLFOXIRI group (Table 1).

Outcomes of the overall population
After a median follow-up of 30.8 mo (95%CI: 23.0-NA) and 61.4 mo (95%CI: 43.2-87.9),
median OS was 11.6  mo (95%CI:  10.8-15.5)  and 11.1  mo (95%CI:  9.8-13.1)  in  the
FOLFIRINOX and FOLFOXIRI groups, respectively (HR = 1.12; 95%CI: 0.86-1.46; P =
0.391; Figure 1A). Median PFS was 5.8 mo (95%CI: 3.9-6.9) in the FOLFOXIRI group
and 6.7 mo (95%CI: 6.0-7.8) in the FOLFIRINOX group (HR = 1.14; 95%CI: 0.89 to 1.46;
P = 0.298; Figure 1B). OS rates at 12, 18, and 24 mo were 49.6%, 36.4%, and 28.3%,
respectively, in the FOLFIRINOX group as compared with 45.1%, 30.9%, and 21.2%,
respectively, in the FOLFOXIRI group.

Detailed outcomes data are summarized in Table 2. The objective response rate was
47.8% in the FOLFIRINOX group, compared to 37.1% in the FOLFOXIRI group (P =
0.187), while disease-control rates were 75.7% and 66.7%, respectively (P = 0.124). The
number of cycles was significantly higher in the FOLFIRINOX group (11.0 vs  7.0
cycles; P = 0.027). Maintenance chemotherapy was administered in 45.2% of patients
in the FOLFIRINOX group and in 37.6% of those in the FOLFOXIRI group (P = 0.194).
The median maintenance time was 2.8 mo (95%CI: 1.0-4.4) in the FOLFIRINOX group
vs  2.7  mo  (95%CI:  1.9-5.8)  in  the  FOLFOXIRI  group  (P  =  0.421).  Second-line
chemotherapy was administered to 91 (73.4%) patients in the FOLFIRINOX group
and 117 (70.9%) patients in the FOLFOXIRI group (P = 0.643). No treatment-related
deaths were observed. Grade 3 or 4 toxicities occurred in 19.5% of patients in the
FOLFIRINOX group as  compared with 28.7% in the FOLFOXIRI group,  but  this
difference did not reach statistical significance (P = 0.079). In the FOLFOXIRI group,
grade 3 or 4 hematological  adverse events of  any type were observed in 3.1% of
patients. FOLFOXIRI was associated with a higher incidence of grade 3 or 4 digestive
adverse events as compared to the FOLFIRINOX group (12.8% vs 4.2%, respectively).

Propensity score approach
Potential biases identified during the description of the total cohort were minimized
by the use of a propensity score estimated by an unconditional multivariable logistic
regression model.  Histological  grade and albumin level  were not selected in the
p r o p e n s i t y  s c o r e  p r o c e s s  d u e  t o  t h e  h i g h  r a t e  o f  m i s s i n g  d a t a
(Supplementary  Table  1).  Thus,  primary tumor  site,  stage  at  diagnosis,  stage  at
chemotherapy initiation, number of metastatic sites, lymph node and liver metastases,
and pain were included in the propensity score (Supplementary Table 2). The model
exhibited excellent discrimination with an area under the curve of 0.73 (Supplement-
ary Figure 1) and a good calibration (P = 0.840, Hosmer–Lemeshow goodnessoffit
test). For each patient, a propensity score value was then calculated based on the
multivariable model (Supplementary Figure 2). In the IPTW analysis, the L1 regimen
was not significantly associated with either OS (282 patients, 236 events; HR = 1.19;
95%CI: 0.91-1.54; P= 0.202) or PFS (281 patients, 256 events; HR = 1.25; 95%CI: 0.98-
1.60; P= 0.077). Patients treated with the FOLFOXIRI regimen were then matched
considering their nearest neighbor,  with a caliper of 0.10 and a ratio of 1:1,  with
patients in the FOLFIRINOX group.

Patient characteristics and outcomes in the propensity scorematched population
After propensity score matching, 96 patients in each group (79.0% and 59.3% in the
FOLFIRINOX and FOLFOXIRI  groups,  respectively)  were  successfully  matched.
There were no statistically significant differences between the two matched groups in
baseline  characteristics:  Primary  tumor  site  (P  =  0.385),  stage  at  chemotherapy
initiation (P = 0.439), number of metastatic sites (P = 0.724), lymph node metastases (P
=  0.817),  liver  metastases  (P  =  0.385),  and  pain  (P  =  0.877).  Patients  in  the
FOLFIRINOX  group  were  characterized  by  tumors  with  a  more  differentiated
histological grade (P= 0.011) and a higher albumin level (P = 0.001) (Table 3). After a
median follow-up of 43.2 mo (95%CI: 31.0-61.4) in the matched groups, survival rates
for patients remained similar between the two regimens in terms of OS (HR= 1.22;
95%CI: 0.89-1.67; P = 0.219; Figure 1C) and PFS (HR = 1.27; 95%CI: 0.94-1.71; P = 0.120;
Figure 1D). There was no statistically significant difference in objective response (P =
0.079), maintenance chemotherapy (P = 0.553), or second-line administration rates (P
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Table 1  Patient characteristics of the overall population according to first-line chemotherapy, n (%)

Characteristics FOLFIRINOX (n = 124) FOLFOXIRI (n = 165) P value

Demographic parameters

Age, median [IQR], yr 60.2 [53.0-65.9] 62.5 [54.6-67.5] 0.174

Missing 1 0

Gender 0.989

Male 73 (58.9) 97 (58.8)

Female 51 (41.1) 68 (41.2)

Familial history of cancer 0.195

No 32 (45.1) 89 (54.3)

Yes 39 (54.9) 75 (45.7)

Missing 53 1

Personal history of cancer 0.219

No 110 (90.2) 139 (85.3)

Yes 12 (9.8) 24 (14.7)

Missing 2 2

Pathological parameters

Stage at diagnosis < 0.001

Localized 20 (16.1) 13 (7.9)

Locally advanced 18 (14.5) 60 (36.3)

Metastatic 86 (69.4) 92 (55.8)

Primary tumor site 0.022

Head 53 (43.1) 93 (56.7)

Body and/or tail 70 (56.9) 71 (43.3)

Missing 1 1

Histological grade 0.014

Well or moderately differentiated 45 (83.3) 39 (62.9)

Poorly differentiated or undifferentiated 9 (16.7) 23 (37.1)

Missing 70 103

Tumor extension

Stage at chemotherapy initiation < 0.001

Locally advanced 14 (11.3) 60 (36.4)

Metastatic 110 (88.7) 105 (63.6)

Number of metastatic sites < 0.001

0 14 (11.3) 60 (36.6)

1 69 (55.7) 74 (44.9)

≥ 2 41 (33.0) 31 (18.8)

Lymph node metastases < 0.001

No 95 (76.6) 153 (92.7)

Yes 29 (23.4) 12 (7.3)

Liver metastases < 0.001

No 37 (29.8) 84 (50.9)

Yes 87 (70.2) 81 (49.1)

Peritoneal metastases 0.124

No 109 (87.9) 134 (81.2)

Yes 15 (12.1) 31 (18.8)

Lung metastases 0.133

No 102 (82.3) 146 (88.5)

Yes 22 (17.7) 19 (11.5)

Other metastases 0.060

No 116 (93.6) 162 (98.2)

Yes 8 (6.4) 3 (1.8)

Clinical parameters

Performance status (WHO) 0.185
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0 42 (35.0) 54 (32.7)

1 66 (55.0) 103 (62.4)

≥ 2 12 (10.0) 8 (4.9)

Missing 4 0

Body mass index, kg/m2 23.9 [20.8-27.4] 23.0 [20.8-25.6] 0.114

Missing 9 0

Pain < 0.001

No 90 (73.8) 83 (50.9)

Yes 32 (26.2) 80 (49.1)

Missing 2 2

Jaundice 0.266

No 114 (93.4) 148 (89.7)

Yes 8 (6.6) 17 (10.3)

Missing 2 0

Ascites 1.000

No 117 (95.9) 157 (96.3)

Yes 5 (4.1) 6 (3.7)

Missing 2 2

Biological parameters

Albumin, median [IQR], g/L 39.1 [37.0-43.0] 35.0 [29.0-39.0] < 0.001

Missing 48 80

Lymphocytes, median [IQR], mm3 0.408

< 1000 10 (15.9) 12 (11.4)

≥ 1000 53 (84.1) 93 (88.6)

Missing 19 102

Neutrophil-to-lymphocyte ratio, median [IQR] 0.103

< 5 82 (78.1) 42 (66.7)

≥ 5 23 (21.9) 21 (33.3)

Missing 19 102

CA19-9, median [IQR], UI/mL 885.0 [79.0-4756.0] 650.0 [138.0-5300.0] 0.669

Missing 3 34

Previous treatment

Primary tumor resection 0.277

Yes 18 (14.5) 17 (10.3)

No 106 (85.5) 148 (89.7)

Adjuvant chemotherapy 0.865

Yes 12 (9.7) 15 (9.1)

No 112 (90.3) 150 (90.9)

Median follow-up time (95%CI), mo 30.8 [23.0-NA] 61.4 [43.2-87.9]

χ2 tests or Fisher’s exact tests were used to compare proportions, and Wilcoxon tests were used to compare continuous variables between the FOLFIRINOX
and FOLFOXIRI groups.  All  statistical  tests  were two-sided.  CA19-9:  Carbohydrate Antigen 19-9;  IQR:  Interquartile  range;  WHO: World Health
Organization.

= 0.636). Grade 3 or 4 toxicities remained unchanged between the two treatments
(20% in the FOLFIRINOX group vs 29.2% in the FOLFOXIRI group, P = 0.148). The
incidence of grade 3 or 4 digestive adverse events remained higher in the FOLFOXIRI
group (9.4% vs 5.6%) (Table 2).

Sensitivity analyses in the subgroup of patients with metastatic disease
Sensitivity analysis was performed exclusively including the metastatic population
from the two treatment groups, corresponding to 110 patients in the FOLFIRINOX
group and 105 patients in the FOLFOXIRI group. Patient characteristics are detailed in
Supplementary Table 3. As observed for the overall population, characteristics were
similar, except for histological grade, lymph node metastases, pain, and albumin level
(39 g/L in the FOLFIRINOX group vs 34.6 g/L in the FOLFOXIRI group, P < 0.001).
Patients  in  the  FOLFIRINOX  group  displayed  significantly  more  peritoneal
metastases (86.4% vs 70.5%, P = 0.005) and a lower neutrophil-to-lymphocyte ratio (P
= 0.010), compared to those in the FOLFOXIRI group (Supplementary Table 3).
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Figure 1

Figure 1  Kaplan-Meier curves of overall survival and progression-free survival for the FOLFIRINOX and FOLFOXIRI groups in the overall population and
the propensity scorematched population. A: Overall survival in the whole population; B: Progression-free survival in the whole population; C: Overall survival in the
propensity score-matched population; D: Progression-free survival in the propensity score-matched population. P < 0.05 from the log-rank test was considered
statistically significant, and all tests were two-sided. CI: Confidence interval; HR: Hazard ratio.

The  median  duration  of  follow-up  was  26.7  mo  (95%CI:  23.0-31.1)  in  the
FOLFIRINOX group compared to  44.2  mo (95%CI:  36.7-71.5)  in  the  FOLFOXIRI
group.  Median OS was significantly longer in the FOLFIRINOX group (13.3 mo;
95%CI: 10.7-15.5) compared to the FOLFOXIRI group (8.5 mo; 95%CI: 6.7-10.2) (HR=
1.44; 95%CI 1.07-1.94; P = 0.017; Supplementary Figure 3A). Similarly, patients treated
with the FOLFIRINOX regimen had more favorable PFS (6.7 mo; 95%CI: 5.7-7.8; vs 3.9
mo; 95%CI: 2.9-6.1, respectively), but the difference was not statistically significant
(HR= 1.30;  95%CI:  0.97-1.72;  P  =  0.073;  Supplementary  Figure  3B).  Both cohorts
exhibited  other  s imilar i t ies  in  outcomes,  which  are  summarized  in
Supplementary Table 4.

Furthermore, propensity score analysis was performed in metastatic patients (Sup-
plementary Tables 5 and 6, Supplementary Figures 4 and 5). In the IPTW analysis, the
L1 regimen was not significantly associated with either OS (122 patients, 100 events;
HR = 1.08; 95%CI: 0.73-1.60; P = 0.703) or PFS (122 patients, 113 events; HR = 1.06;
9 5 % C I :  0 . 7 3 - 1 . 5 5 ;  P  =  0 . 7 4 6 ) .  A f t e r  p r o p e n s i t y  s c o r e  m a t c h i n g
(Supplementary Table 7), survival rates for patients were similar between the two
regimens in terms of OS (HR = 0.94; 95%CI: 0.54-1.61; P = 0.810; Supplementary Fig-
ure 6A) and PFS (HR = 0.94; 95%CI: 0.55-1.61; P = 0.827; Supplementary Figure 6B).
Moreover, no difference in objective response (P = 0.317), maintenance chemotherapy
(P = 1.000), or second-line administration rates (P = 1.000) was observed. Treatment-
related grade 3 or 4 adverse events, including digestive and hematological adverse
events, were similar between the two propensity score-matched treatment groups (P =
0.362) (Supplementary Table 8).

DISCUSSION
This is the first study to show, in a head-to-head comparison, that FOLFOXIRI is
feasible as L1 in patients with aPDAC but does not confer any therapeutic benefit as
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Table 2  Outcomes in the overall population and propensity score-matched population according to first-line chemotherapy, n (%)

Outcomes
Overall population Propensity score-matched population

FOLFIRINOX (n =
124)

FOLFOXIRI (n =
165) P value FOLFIRINOX (n =

96)
FOLFOXIRI (n =
96) P value

Number of cycles, median [IQR] 11.0 [6.0-13.0] 7.0 [4.0-13.0] 0.027 11.0 [6.0-14.0] 7.0 [4.0-14.5] 0.164

Missing 1 0 1 0

RECIST best response 0.187 0.079

Complete or partial response 53 (47.8) 49 (37.1) 41 (47.7) 25 (32.5)

Stability 31 (27.9) 39 (29.6) 24 (27.9) 22 (28.5)

Progression 27 (24.3) 44 (33.3) 21 (24.4) 30 (39.0)

Missing 13 33 108 19

Toxicity of grade 3 or 4 0.079 0.148

No 95 (80.5) 117 (71.3) 72 (80.0) 68 (70.8)

Yes 23 (19.5) 47 (28.7) 18 (20.0) 28 (29.2)

Digestive 5 (4.2) 21 (12.8) 5 (5.6) 9 (9.4)

Hematology 1 (0.9) 5 (3.1) 1 (1.0) 4 (4.2)

Neurology 9 (7.6) 14 (8.5) 6 (6.7) 9 (9.4)

Other 8 (6.8) 7 (4.3) 6 (6.7) 6 (6.2)

Missing 6 1 6 0

Reason for discontinuation 0.291 0.441

Progression 83 (68.0) 108 (65.5) 63 (67.0) 67 (69.8)

Toxicity 12 (9.9) 10 (6.0) 12 (12.8) 7 (7.3)

Other 27 (22.1) 47 (28.5) 19 (20.2) 22 (22.9)

Missing 2 0 2 0

Maintenance 0.194 0.553

Yes 56 (45.2) 62 (37.6) 39 (40.6) 35 (36.5)

No 68 (54.8) 103 (64.4) 57 (59.4) 61 (63.5)

Second-line chemotherapy
administration

0.643 0.636

Yes 91 (73.4) 117 (70.9) 69 (71.9) 66 (68.8)

No 33 (26.6) 48 (29.1) 27 (28.1) 30 (31.2)

χ2 tests or Fisher’s exact tests were used to compare proportions, and Wilcoxon tests were used to compare continuous variables between the FOLFIRINOX
and FOLFOXIRI groups. All statistical tests were two-sided. IQR: Interquartile range.

compared with FOLFIRINOX. PDAC is a highly aggressive cancer, and chemotherapy
remains the cornerstone of advanced disease therapy. Preclinical studies showed
synergistic activity between oxaliplatin, irinotecan and 5-FU[16-18],  and phase II/III
trials confirmed the antitumor activity of the FOLFIRINOX combination in metastatic
pancreatic cancers[7,19]. Although FOLFIRINOX is a first-line option for patients with
metastatic PDAC, the significant adverse event rate limits its administration in full
doses.  However,  its  substantial  benefit  in  terms  of  survival  rates  and  HRQoL
encourages the assessment of  a modified schedule that  will  likely yield a much-
needed improvement in the balance of toxicity vs efficacy in this setting.

FOLFOXIRI, a triplet-chemotherapy regimen with a lower dose of irinotecan and
no bolus of 5-FU, has already demonstrated its efficacy and good tolerance and is
validated in metastatic colorectal cancer[11,20]. Vivaldi et al[21] evaluated FOLFOXIRI in
pancreatic cancer in an observational cohort study of 137 patients, of whom 59.1% had
metastatic disease. They reported that FOLFOXIRI improved patient survival rates
with a median OS of 12 mo for the overall population and 10.8 mo for the metastatic
patients. The objective response rate was 38.6% in the whole population and 35.8% in
patients with metastatic PDAC. Moreover, the schedule showed a good tolerance
profile with the occurrence of grade 3 diarrhea in only 8%, and febrile neutropenia
(grade 3 or 4 neutropenia 35.7%) in < 1%. These results are in line with those observed
in our study. Nevertheless, FOLFOXIRI was never compared head-to-head to the
standard FOLFIRINOX in this setting.

In our study, the two regimens were compared for the first time in routine clinical
practice, taking into account a large number of variables. Due to the design of this
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Table 3  Patient characteristics in the propensity score-matched population according to first-line chemotherapy, n (%)

Characteristics FOLFIRINOX (n = 96) FOLFOXIRI (n = 96) P value

Demographic parameters

Age, median [IQR], years 59.9 [53.0-66.9] 63.1 [55.2-67.1] 0.221

Missing 1 0

Gender 0.661

Male 54 (56.3) 57 (59.4)

Female 42 (43.7) 39 (40.6)

Familial history of cancer 0.806

No 31 (51.7) 51 (53.7)

Yes 29 (48.3) 44 (46.3)

Missing 36 1

Personal history of cancer 0.824

No 83 (88.3) 82 (87.2)

Yes 11 (11.7) 12 (12.8)

Missing 2 2

Pathologic parameters

Stage at diagnosis 0.598

Localized 14 (14.6) 12 (12.5)

Locally advanced 13 (13.5) 18 (18.87

Metastatic 69 (71.9) 66 (68.8)

Primary tumor site 0.385

Head 41 (42.7) 47 (49.0)

Body and/or tail 55 (57.3) 49 (51.0)

Histological grade 0.011

Well or moderately differentiated 36 (83.7) 24 (58.5)

Poorly differentiated or undifferentiated 7 (16.3) 17 (41.5)

Missing

Tumor extension

Stage at chemotherapy initiation 0.439

Locally advanced 14 (14.6) 18 (18.2)

Metastatic 82 (85.4) 78 (81.3)

Number of metastatic sites 0.724

0 14 (14.6) 18 (18.8)

1 57 (59.4) 53 (55.2)

≥ 2 25 (26.0) 25 (26.0)

Lymph node metastases 0.817

No 86 (89.6) 85 (88.5)

Yes 10 (10.4) 11 (11.5)

Liver metastases 0.274

No 26 (27.1) 33 (34.4)

Yes 70 (72.9) 63 (65.6)

Peritoneal metastases 0.059

No 84 (87.5) 74 (77.1)

Yes 12 (12.5) 22 (22.9)

Lung metastases 0.845

No 81 (84.4) 80 (83.3)

Yes 15 (15.6) 16 (16.7)

Other metastases 0.279

No 90 (93.8) 94 (97.9)

Yes 6 (6.2) 2 (2.1)

Clinical parameters

Performance status (WHO) 0.165

0 36 (39.1) 35 (36.5)
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1 49 (53.3) 59 (61.5)

≥ 2 7 (7.6) 2 (2.0)

Missing 4 0

Body mass index, kg/m2 23.9 [20.7-27.1] 23.0 [21.2-25.0] 0.285

Missing 5 0

Pain 0.877

No 65 (67.7) 66 (68.8)

Yes 31 (32.3) 30 (31.2)

Jaundice 0.637

No 87 (91.6) 86 (89.6)

Yes 8 (8.4) 10 (10.4)

Missing 1 0

Ascites 1.000

No 92 (96.8) 92 (95.8)

Yes 3 (3.2) 4 (4.2)

Missing 1 0

Biological parameters

Albumin, median [IQR], g/L 39.6 [37.0-43.0] 34.6 [29.0-40.0] 0.001

Missing 40 51

Lymphocytes, median [IQR], mm3 0.157

< 1000 9 (11.2) 8 (21.0)

≥ 1000 71 (88.8) 30 (79.0)

Missing 16 58

Neutrophil-to-lymphocyte ratio, median [IQR] 0.072

< 5 63 (78.8) 24 (63.2)

≥ 5 17 (21.2) 14 (36.8)

Missing 16 58

CA19-9, median [IQR], UI/mL 857.5 [69.0-6210.0] 726.5 [152.0-5507.0] 0.500

Missing 2 20

Previous treatment

Primary tumor resection 0.284

Yes 10 (10.4) 15 (15.6)

No 86 (89.6) 81 (84.4)

Adjuvant chemotherapy 0.091

Yes 6 (6.2) 13 (13.5)

No 90 (93.8) 83 (86.5)

χ2 tests or Fisher’s exact tests were used to compare proportions, and Wilcoxon tests were used to compare continuous variables between the FOLFIRINOX
and FOLFOXIRI groups.  All  statistical  tests  were two-sided.  CA19-9:  Carbohydrate Antigen 19-9;  IQR:  Interquartile  range;  WHO: World Health
Organization.

exploratory  study,  patients  were  included  in  an  observational  cohort  and  the
treatment regimens were not randomized. In addition to its retrospective nature,
further limitations of the present study warrant discussion. Patients were treated in
two centers, although both were high-volume units with similar clinical practices. Of
note, patients with a different tumor extension were included, with locally advanced
and metastatic stages. Thus, sensitivity analyses were performed exclusively in the
metastatic population. Computed tomography-scan assessment of tumor response
according to RECIST criteria was not performed centrally. This bias could explain a
trend  towards  better  tumor  response  in  the  FOLFIRINOX  group.  Additional
variables, particularly febrile neutropenia, biological or HRQoL data, could not be
evaluated in our study due to the retrospective design of the data collection, with a
high rate of missing patient information.

To overcome these limitations, FOLFOXIRI and FOLFIRINOX were compared from
a large population-based cohort of prospectively included patients with aPDAC. Most
importantly, we used a rigorous methodological framework and applied a propensity
score  approach  to  take  into  account  the  potential  heterogeneity  in  baseline
characteristics  between  the  two  populations.  Moreover,  two  different  methods,
namely  the  IPTW Cox model  and propensity  score  matching,  demonstrated the
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satisfactory performance and validity of the analysis. The reproducibility obtained
with the  sensitivity  analysis  in  the  metastatic  cohort  strengthened the  observed
results.

The present study showed that the FOLFOXIRI and FOLFIRINOX L1 regimens
were similar in terms of efficacy. Median OS and PFS were comparable between the
two  schedules,  and  similar  to  survival  rates  reported  by  Conroy  et  al [7]  in
FOLFIRINOX-treated patients.  The objective  response rate  with the FOLFOXIRI
regimen observed in our cohort (37.1%) was similar to that reported in the GONO
study in FOLFOXIRI-treated patients (38.6%)[21].  No differences in response rates
between the FOLFOXIRI and FOLFIRINOX regimens in our unselected population
were detected. Nevertheless, they were higher than those reported in the randomized
phase III trial (31.6%)[7]. The methodological approach used in our study showed that
FOLFOXIRI does not provide an improved efficacy compared to FOLFIRINOX.

The FOLFOXIRI regimen was associated with an increased risk of the occurrence of
grade 3 or 4 digestive toxicities (12.8%), including diarrhea, nausea/vomiting, and
stomatitis. Of note, this incidence was similar to the gastrointestinal safety profile
reported  by  Vivaldi  et  al [21]  with  FOLFOXIRI  chemotherapy.  Interestingly,
hematological toxicities were very low in both regimens in our study, compared to
FOLFIRINOX in  the  PRODIGE 4/ACCORD 11  study[7].  A  primary  prophylactic
administration of hematopoietic growth factors contributed to the reduction of grade
3 or 4 neutropenia[22,23], and thus, routine use after each polychemotherapy cycle has
been adopted in some institutions.

Many  combinations  with  “modified  FOLFIRINOX” chemotherapy  have  been
evaluated,  and  the  schedules  used  to  deliver  this  polychemotherapy  are
heterogeneous[24,25]. Dose reductions of single or multiple agents differ among studies
compared  to  the  standard  schedule[24].  An  optimal  relative  dose  intensity  for
FOLFIRINOX  was  determined  by  Lee  et  al[23]  to  balance  toxicity  and  efficacy,
suggesting that a decrease of 30% in chemotherapy dosages preserve tumor response.
In addition, two meta-analyses suggested that dosage attenuation improves tolerance
while  preserving  survival  benefits  (overall  response  rates:  32% with  “modified
FOLFIRINOX” vs  33% with full  doses;  P  =  0.879)[24,25].  A modified-dose regimen
decreased the frequency of hematological and digestive adverse events and cycles
reported,  while  making  it  possible  to  maintain  dose-dense  chemotherapy  and
treatment activity[26]. In the adjuvant setting, a modified FOLFIRINOX with no bolus
of  5-FU and irinotecan  at  a  dose  of  150  mg/m2  significantly  increased  survival
compared to gemcitabine for PDAC[4]. These dose adjustments were also effective in
the neoadjuvant setting for patients with locally advanced or borderline PDAC. Of
note, resection was performed in more than half of the patients, and with R0 resection
in 86.4% of cases[27].

In previous retrospective and single-arm phase II studies, the bolus of 5-FU was
more frequently discontinued in the “modified FOLFIRINOX” combination[10,28-31].
Infusion of 5-FU is preferred for the treatment of colorectal cancer over bolus 5-FU. In
this setting, the omission of the bolus of 5-FU has been shown to improve the safety
profile, while significantly decreasing hematological toxicity[32]. A dose reduction of
irinotecan (130-135 mg/m2, 150 mg/m2, or 165 mg/m2) was evaluated in previous
studies[28-31,33-35]. The addition of irinotecan in FOLFOXIRI chemotherapy increased
digestive toxicity occurrence, notably nausea/vomiting and diarrhea, compared to the
doublet-chemotherapy (FOLFOX) in metastatic colorectal cancer[36]. In aPDAC, a 25%
reduction of irinotecan compared to full dose has been associated with a decrease in
diarrhea (3.1% vs 12.5%, respectively) and vomiting (0% vs 23.5%, respectively)[35].

Dihydropyrimidine  dehydrogenase  and  uridine  diphosphate  glucurono-
syltransferase (UGT) 1A1 are two key enzymes involved in the catabolic pathways of
5-FU and irinotecan, respectively. Their deficiency related to genetic polymorphisms,
leads to increased exposure to the cytotoxic agents with a higher risk of adverse
events. Indeed, variants of UGT1A1 have been reported to increase the risk of grade 3
or 4 hematological toxicity and diarrhea[37,38]. A study that evaluated the FOLFIRINOX
regimen in pancreatic cancer, reported a significantly higher incidence of diarrhea
among patients with UGT1A1 heterozygous type (UGT1A1 −/*6 and UGT1A1 −/*28)
compared  to  those  with  UGT1A1  wild-type  (−/−).  However,  for  patients  who
received the  “modified  FOLFIRINOX”,  there  was  no  observed difference  in  the
frequency of adverse events due to UGT1A1 status[39].  Furthermore, studies have
indicated  an  association  between  polymorphisms  of  the  dihydropyrimidine
dehydrogenase gene encoding (DPYD) and 5-FU-induced toxicity[40]. Currently, DPYD
genotype  or  phenotype-based  dose  reduction  improves  the  safety  of  patients
receiving fluoropyrimidine treatment and is recommended[41,42]. Preemptive screening
of DPYD and UGT1A1 variants could identify patients at risk of clinically relevant
adverse events, to improve FOLFIRINOX administration[43]. In an era of personalized
medicine, a “genotype-guided” approach could help to individualize the dose to
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optimize efficacy, limit toxicity and guarantee HRQoL.
In conclusion, FOLFOXIRI is feasible in L1 in patients with aPDAC, but does not

appear to confer any therapeutic benefit as compared with the FOLFIRINOX regimen.
FOLFOXIRI was associated with a higher incidence of grade 3 or 4 digestive adverse
events compared to FOLFIRINOX. A major difference in hematological toxicities was
observed between our cohort and the PRODIGE 4/ACCORD 11 trial[7], underlining
the relevance of  prophylactic  administration of  hematopoietic  growth factors  in
routine  clinical  practice.  These  results  show  that  additional  evaluation  is  not
warranted in future clinical trials. FOLFIRINOX chemotherapy remains the standard
of care in L1 in metastatic PDAC.

ARTICLE HIGHLIGHTS
Research background
The FOLFIRINOX regimen is the first-line reference chemotherapy (L1) in advanced pancreatic
ductal  adenocarcinoma  (PDAC).  FOLFOXIRI  might  contribute  to  a  better  balance  in  the
toxicity/efficacy ratio in this setting.

Research motivation
FOLFOXIRI has demonstrated efficacy and feasibility in colorectal cancer.

Research objectives
To investigate the potential  clinical  value of  FOLFOXIRI in patients with advanced PDAC
(aPDAC) in routine clinical practice.

Research methods
This exploratory study compared clinical outcomes between the two treatments in the overall
population and after propensity score matching.

Research results
All consecutive aPDAC patients treated in L1 with FOLFOXIRI (n = 165) or FOLFIRINOX (n =
124) regimens were included. Median overall survival was 11.1 mo in the FOLFOXIRI cohort and
11.6 mo in the FOLFIRINOX cohort. After propensity score matching, survival rates remained
similar  between  the  regimens  in  terms  of  overall  survival  and  progression-free  survival.
FOLFOXIRI was associated with a higher incidence of grade 3/4 digestive adverse events. The
low  hematological  toxicity  rates  in  both  regimens  underline  the  relevance  of  primary
prophylaxis with hematopoietic growth factors.

Research conclusions
FOLFOXIRI is feasible in L1 in patients with aPDAC but does not confer any therapeutic benefit
as compared with FOLFIRINOX.

Research perspectives
These  results  suggest  that  further  evaluation of  FOLFOXIRI  in  future  clinical  trials  is  not
warranted. FOLFIRINOX chemotherapy remains the standard of care in L1 in metastatic PDAC.
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