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Abstract
FOLFIRINOX is one of the most effective reference regimens in the 1st line treatment of locally advanced (LA) and metastatic
pancreatic cancer (mPC), despite its high toxicity. We evaluated our real-life experience with “patient-tailored intent to treat
FOLFIRINOX” in patients with LA or mPC compared to other reports along with the pivotal phase III trial.
We analyzed data from all consecutive patients with pancreatic ductal adenocarcinoma treatedwith dose-modified FOLFIRINOX in

2016 at Paul Brousse University Hospital. Irinotecan was administered whenever initial serum bilirubin was <1.5 � upper limit of
normal. Oxaliplatin was stopped for severe sensory neuropathy. Initial dose reductions were made according to patient profile (eg,
age, comorbidities) and later due to toxicity. The treatment was continued until surgery or disease progression. Endpoints were time
to progression (TTP), overall survival (OS), objective response rate (ORR), and secondary complete resection (R0R1).
Thirty-seven patients with unresectable LA ormPC received patient-tailored FOLFIRINOX as 1st line chemotherapy. There were 22

male (59%) and 15 female patients (41%) aged 44 to 81 years with LA (18 patients, 49%) and mPC (19 patients, 51%). They had
World Health Organization-performance status of 0 (59%) or 1 (41%). A total of 384 cycles were administered. Median dose
intensities (mg/m2/w) were 28.9 for oxaliplatin, 56.8 for irinotecan, and 886.2 for 5-fluorouracil. Thirty-four patients were assessed for
response; ORR and disease control rates were 47% and 85%, respectively. R0R1 rate was 30%. Median TTP and OS were 9.6 and
14.6 months. LA disease was associated with significantly longer TTP and OS (P< .001).
FOLFIRINOX with patient-tailored dose adaptations seems to offer better results in patients with advanced PC. This approach in

the neoadjuvant setting results in a macroscopic R0R1 in 61% of patients with initially unresectable disease. It deserves prospective
evaluation to further improve outcomes in the management of advanced PC.

Abbreviations: CI = confidence interval, CL = confidence limits, DCR = disease control rate, DFS = disease-free survival,
HR = hazard ratio, LA = locally advanced, mPC = metastatic pancreatic cancer, ORR = objective response rate, OS = overall
survival, PS = performance status, R0R1 = complete resection, TTP = time to progression.
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1. Introduction

Pancreatic adenocarcinoma is one of the most lethal
neoplastic diseases with an incidence rate almost equivalent
to the rate of mortality.[1] It is the eighth leading cause of
cancer-related deaths worldwide[2] and the fourth leading
cause of cancer-related deaths in developed countries.[3,4]

The majority of patients present locally advanced or
metastatic disease at initial diagnosis.[4] The median overall
survival (OS) for locally advanced (LA) pancreatic cancer is
approximately 12 months, while outcomes are worse for
metastatic disease with median OS being estimated to be
limited to 6 months.[5] In the last decade, the treatment of
advanced pancreatic cancer has greatly evolved with positive
results of numerous studies conducted in an effort to find
more effective regimens.[6]

In 1990, after a randomized phase III trial that showed a
modest but significant improvement in disease-related symp-
toms and median OS when compared to 5-fluorouracil (5FU)
alone (5.6 vs 4.4months,P= .002), gemcitabine remained as the
standard chemotherapy regimen for advanced pancreatic
cancer until 2011 when FOLFIRINOX was introduced as a
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new more effective first-line treatment.[7] FOLFIRINOX
regimen improved median OS as compared to gemcitabine
monotherapy (11.1 vs 6.8 months, hazard ratio [HR] for death
0.57; 95% confidence interval 0.45–0.73; P< .0001). Howev-
er, it caused significant toxicities that limited its use to patients
with a good performance status (PS) and frequently required
hematopoietic growth factor support.[7] Recent studies pro-
posed dose reduction of FOLFIRINOX in order to balance the
benefit-risk ratio of this regimen.[8–11] Despite these modified
FOLFIRINOX regimen reports, the optimal dosing for
tolerance and response correlation remains unknown.
We report in this retrospective study 1-year experience with

patient-tailored intent to treat FOLFIRINOX in patients with LA
and metastatic pancreatic cancer (mPC) treated at Paul Brousse
University Hospital, Villejuif, France, from January to December
2016.

2. Materials and methods

2.1. Patient selection

We analyzed data from all consecutive patients with pancreatic
ductal adenocarcinoma treated with dose-modified FOLFIRI-
NOX in 2016 at Paul Brousse University Hospital. There was no
ethical concern since this was a retrospectively reviewed cohort of
patients.
All consecutive patients with histologically- or cytologically-

documented unresectable LA or mPC, who received as a first line
therapy the FOLFIRINOX regimen combining irinotecan,
oxaliplatin, 5FU, and leucovorin from January 1st to December
31st, 2016 were selected from hospital pharmacy log-out
registries.
Figure 1. Intent to treat FOLFIRINOX in real life practice. Strategy flowchart: FOLF
drugs were administered when the bilirubin level was less than 1.5 ULN. If not, FO
stopped in case of grade 2 or more sensory neuropathy. 5FU=5-fluorouracil, CPT1
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2.2. Study treatment

It was initially planned to deliver every 2 weeks, irinotecan,
oxaliplatin, leucovorin, and 5FU as a conventional delivery
scheme.[7]According topatientbaseline assessment, chemotherapy
was started with or without irinotecan and/or dose reductions.
Thus, in case of hyperbilirubinemia, patients underwent for biliary
stent placement and then started chemotherapy without irinote-
can. Irinotecanwas addedwhen serumbilirubin decreased to�1.5
of upper limit of normal (Fig. 1). Oxaliplatin was stopped after
severe oxaliplatin-related toxicities, especially grade 2 or more
sensory neuropathy (Fig. 1). Chemotherapy was continued until
surgery, progression, or occurrence of unacceptable toxicity. All
patients received supportive care medications as prevention or
treatment of chemo-induced toxicities.

2.3. Assessments

All the data were collected from medical records by the
investigator and then anonymously entered in a database. The
data collected were: patient baseline characteristics, chemother-
apy drugs administered and doses, number of cycles, antitumor
response, time to progression (TTP), OS, and adverse events
according to NCIC-CTCAE v3.0 toxicity.[12] A final independent
review was made to ensure quality of data for consistency and
plausibility. Errors were corrected in the database, whenever
appropriate with the investigator.
2.4. Statistical consideration

Patient characteristics, toxicities, and objective response rates
were compared using the Fisher exact test or Pearson Ki2-test.
IRINOX combining 5FU, leucovorin, irinotecan CPT11, and oxaliplatin. All these
LFIRINOX was started without CPT11 until it became �1.5.ULN. L-OHP was
1= irinotecan, LV= leucovorin, L-OHP=oxaliplatin, ULN=upper limit of normal.



Table 1

Main characteristics of all 37 patients with advanced pancreatic
cancer (study population) and distinctly in locally advanced and
metastatic populations.

Baseline disease extension

Characteristics All patients
N=37

Locally adv.
n=18 (49%)

Metastatic
n=19 (51%)

Sex
Male 22 (59%) 9 (50%) 13 (68%)
Female 15 (41%) 9 (50%) 6 (32%)

Age, yr
Median 64 64 65
Range 44–81 44–73 49–81

WHO PS
PS=0 22 (59%) 11 (61%) 11 (58%)
PS=1 15 (41%) 7 (39%) 8 (42%)

Head located 24 (65%) 13 (72%) 11 (58%)
Body located 8 (22%) 4 (22%) 4 (21%)
Tail located 5 (14%) 0 (0%) 5 (26%)
Biliary stent placed 22 (59%) 13 (72%) 9 (47%)

PS=performance status, WHO=World Health Organization.
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TTP and OS were computed using Kaplan–Meier method and
compared according to clinical characteristics with Log-Rank
test. TTP was defined as the time between the first day of the first
chemotherapy course till progression or relapse, OS from the first
day of the first course till last known to be alive or death. The cut-
off date for follow-up was June 16th, 2018.
Predictive factors of TTP and OS were determined by

computing HR calculated with Cox proportional HR model.
All analyses were performed with intent-to-treat using SPSS
v18.0 software (Chicago, IL). A P-value< .05 was considered
statistically significant using bilateral tests.
3. Results

3.1. Patient characteristics

Thirty-seven patients treated with at least 1 cycle of FOLFIR-
INOX from January to December 2016 were retrieved in
pharmacy registries. Patients’main characteristics at baseline are
reported in Table 1. Eight patients had previously known
diabetes at the time of diagnosis (22%). Pancreatic tumor was LA
Table 2

Main efficacy parameters in all 37 intent to treat patients (study popula

Efficacy parameters All patients (N=37) LA

Complete response 3 (8.1%)
Partial response 13 (35.1%)
Stable disease 13 (35%)
Progressive disease 5 (14%)
Not assessed 3 (8%)
Objective response

∗
16 (47.1%)

Disease control
∗

29 (85.3%)
Secondary R0R1 resection 11 (29.7%)
TTP, mo
Median (range) 9.6 (6.4–12.8)

OS, mo
Median (range) 14.6 (10.7–18.5) Not r

LA= locally advanced, OS= overall survival, TTP= time to progression.
∗
Objective response and disease control in 34 patients with 18 locally advanced and 16 metastatic di
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in 18 patients (49%) and metastatic in 19 patients (51%).
Metastases were liver only in 9 patients, peritoneum only in 1
patient, and multilocated in 9 patients. Eleven patients started
intent to treat FOLFIRINOX without irinotecan. Thirteen
patients stopped oxaliplatin for sensory neuropathy. A total of
384 treatment courses were given, resulting in a median number
of 10 courses per patient (range: 2–38) for median treatment
duration of 23 weeks (1st–3rd quartiles, 16–31). Thirty-four
patients (92%) were evaluated for response (RECIST v1.1
criteria).[13] Three patients were lost to follow-up.
3.2. Key safety data and dose intensities

Initially, 2 or 3 courses were administered without irinotecan in
30% of patients. Oxaliplatin was stopped in 35% of patients
after a median of 9 courses (range: 2–16) because of sensory
neuropathy. For patients who commenced their therapy with all
protocol drugs, doses of each cytotoxic agent were reduced
initially related to patient age and/or comorbidities and later
according to tolerance, yet the median dose-intensities (mg/m2/
wk) for all 384 courses received by the 37 included patients were
56.8 for irinotecan, 886.2 for 5FU and 28.9 for oxaliplatin. Thus,
the median relative-dose-intensities were 63% for irinotecan,
63% for 5FU and 68% for oxaliplatin. There was no febrile
neutropenia or toxic death. Nine patients (24%) experienced
grade 3-4 toxicities. Grade 3-4 nonhematological toxicities were
fatigue (14%), diarrhea (6%), nausea/vomiting (3%), and
sensory neuropathy (3%).
3.3. Secondary tumor resection (R0/R1) and disease-free
survival (DFS)

Secondary macroscopic tumor resection (R0 or R1) was achieved
in 11/18 patients with LA disease (61% [95% confidence limits
[CL], 38.6–83.6]), including 9 R0 and 2 R1, after a median of 9
treatment courses (range: 4–17). In this subgroup, median DFS
was 12.0 months (9.2–14.7).
3.4. Antitumor response, TTP, and OS

Objective response rate (ORR) and disease control rate (DCR)
were 43% (95% CL, 27–59) and 76% (62–90), respectively
(Table 2). Antitumor responses were not significantly impacted
tion) and separately in the subgroups defined by disease extension.

diseases (n=18) Metastatic (n=19) P

1 (5.6%) 2 (10.5%) NS
9 (50.0%) 4 (21.1%)
7 (38.9%) 6 (31.6%)
1 (5.6%) 4 (21.1%)
0 3 (15.8%)

10 (55.6%) 6 (37.5%) NS
17 (94.4%) 12 (75.0%) NS
11 (61.1%) 0 <.001

19.8 (11.9–27.8) 6.9 (3.6–10.1) <.001

eached 9.4 (6.2–12.6) <.001

sease.
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Figure 2. TTP andOS according to initial disease extension. (A) Kaplan–Meier curves of TTP according to initial disease extension. Median TTPwas 19.8mo (11.9–
27.8) for locally advanced tumor and 6.7 mo (3.6–10.1) for metastatic disease; P (Log Rank) <.001. (B) Kaplan–Meier curves of OS according to initial disease
extension. Median OS was not reached for locally advanced tumor. It was 9.4 mo (6.2–12.6) for metastatic disease; P (Log Rank)< .001. OS=overall survival,
TTP= time to progression.
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by dose intensities or chemotherapy-related toxicities. After a
median follow-up of 23 months (range, 18–29), median intent to
treat TTP and OS were respectively 9.6 months (9.6–12.8) and
14.6 months (10.7–18.8). Kaplan–Meier analysis showed that
baseline disease extension significantly impacted both TTP and
OS (Fig. 2). Median TTP was 19.8 months (95% CL, 11.7–27.8)
in the patients with LA disease, 6.7 months (3.6–10.1) in the
patients with metastatic disease (P< .001) (Fig. 2A). Median OS
of the 18 patients with LA disease was not reached, while it was
9.4 months (6.2–12.6) in the patients with metastatic disease
(P< .001) (Fig. 2B).
TTP and OS were statistically similar in patients with LA

disease who underwent secondary surgery as compared to those
who were not resected (Fig. 3). When we compared survival
curves of metastatic patients to those of patients with LA but
nonresected tumor, both TTP andOSwere significantly better for
patients with LA disease (Fig. 4). Multivariate Cox model
analysis revealed that a male sex (P= .019), an age below the
median of 64 years (P= .013), a World Health Organization
(WHO) PS of 0 (P= .006), a LA disease (P< .001), and a tail
located primary (P= .013) were the main joint predictive factors
for achieving a longer TTP (Fig. 5A). A WHO PS=0 (P= .005)
Figure 3. Intent to treat TTP andOS curves according to secondary tumor resectio
R0R1 resection, Median TTP was 19.8 mo (14.2–25.5) for resected patients and
Meier curves of OS according to R0R1 resection. Median OS was not reached
advanced, OS=overall survival, TTP= time to progression.
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and LA disease (P< .001) were identified as good prognostic
factors for OS and pancreatic head primary (P= .028) was
predicting worse OS (Fig. 5B).

4. Discussion

Currently, FOLFIRINOX[14,15] and the combination of nab-
paclitaxel and gemcitabine[16–19] are considered both as the
standard regimens in the first line treatment of mPC. FOLFIR-
INOX has also showed its superiority compared to gemcitabine
alone in the adjuvant treatment of pancreatic cancer.[20] It offers
approximately an objective response rate of 32%, a median
progression-free survival of 6 months and a median OS of 11
months in patients with mPC.[7,8,21–24] However, despite
improved survival, this regimen has significant toxicities limiting
its use.[7] Recent studies proposed modified-FOLFIRINOX
versions with the goal to improve its tolerability by maintaining
the efficacy.[8,11,23–25] However, the optimal dosing remains
unknown.
Our approach in the present study was to evaluate our

experience with FOLFIRINOX as routine intent-to-treat regimen
with reduced-dose of each cytotoxic agent according to patient
n R0R1 in patients with LA disease. (A) Kaplan–Meier curves of TTP according to
11.2 mo (4.4–18.1) for nonresected patients, P (Log Rank)= .550. (B) Kaplan–
for both resected and nonresected patients, P (Log Rank)= .936. LA= locally



Figure 4. Comparison of TTP and OS curves of metastatic and LA nonresected patients. (A) Kaplan–Meier curves of TTP in metastatic and LA nonresected
patients. Median TTP was 11.2 mo (4.4–18.0) for LA nonresected patients and 6.9 mo (3.6–10.1) for metastatic patients, P (Log Rank)= .030. (B) Kaplan–Meier
curves of OS in metastatic and LA nonresected patients. Median OS was not reached for LA nonresected patients and 9.4 mo (6.2–12.6) for metastatic patients, P
(Log Rank)= .007. LA= locally advanced, OS=overall survival, TTP= time to progression.
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characteristics at the beginning and during therapy in order to
decrease toxicity. Thus, in our series, 30% of patients started
their treatment without irinotecan. Among the remaining
patients (70%) who started chemotherapy with all individual
drugs, 84% of them commenced FOLFIRINOX regimen with
initial dose reduction of irinotecan. At the beginning of
chemotherapy, most of the patients had dose reductions for
both 5FU and oxaliplatin as compared to the pivotal phase III
regimen.[7,26] Oxaliplatin was definitively stopped in 35% of
patients because of sensory neuropathy, but the other drugs of the
regimen were continued until disease progression.
In spite of decreased dosing, the outcomes were not

compromised. After a median of 23 months follow-up, an
ORR of 47%, a DCR of 85%, a median TTP of 9.6 months
and OS of 14.6 months were achieved. These results are
consistent with those reported by Chllamma et al[24] in a larger
cohort involving 66 patients with metastatic and 36 with LA
pancreatic cancer, in whom two-thirds of patients initiated
their treatment with a dose reduction. Some studies have
investigated the impact of dose modifications on response to
FOLFIRINOX regimen[8,22] and did not find any correlation.
In our cohort, there was no toxic death. Grade 3-4 toxicities
were observed in 24% of patients. These results were
comparable or even better in terms of efficacy and tolerance
as compared to those reported with the original[7,22–24,27] or
modified-FOLFIRINOX regimens.[8,9,25,28–30]

In our study, we looked for the influence of patient
characteristics at initiation of FOLFIRINOX regimen on TTP
and OS. We found that disease extension strongly impacted both
TTP and OS. Head primary was predicting worse survival.
Patients with LA disease had longer TTP and longer OS as
compared to those with metastatic disease (median TTP 19.8
months vs 6.9 months, P< .001; median OS not reached vs 9.4
months, P< .001). LA disease was confirmed as independent
prognostic factor in multivariate analysis (TTP: HR=0.03,
P< .001; OS: HR=0.02, P< .001). Several studies reported
similar results with longer TTP and longer OS in patients with LA
disease than those with metastatic disease in larger
cohorts.[8,24,27]

Hohla et al[31] suggested that female gender could positively
predict response to FOLFIRINOX in patients with advanced
5

pancreatic cancer. In our study, nonsignificant differences were
observed between male and female patients in the univariate
analysis regarding ORR, DCR, TTP, and OS. On the contrary,
multivariate analysis has shown male sex as a good prognostic
factor for TTP (HR=0.25, P= .019). Given the fairly small size
of both cohorts, the role of sex on outcomes remains
controversial.
Because of high-level toxicity of FOLFIRINOX, the benefit-

risk ratio of this regimen remains questionable in elderly patients.
Our patients were aged 44 to 81 years with a median of 64 years.
There were nonsignificant differences related to patient age in
terms of grade 3 or 4 toxicities. Regarding efficacy parameters,
Cox proportional HR model analysis identified an age below the
median of 64 years as positive predictive factor for only TTP
(HR=0.23, P= .013). Similar results were observed by Berger
et al[32] in a retrospective cohort assessing efficacy and toxicity of
FOLFIRINOX regimen in an elderly population of 88 patients
with pancreatic adenocarcinoma. In their study, older patients
(≥65 years) compared to younger ones did not have significantly
different toxicity of grade 3 or 4. The authors also found that
older patients did not have worse PFS or OS. Elderly patients
included in our cohort had longer survival than that reported by
Berger et al. This difference could be explained by the fact that we
considered the median age of our cohort (64 years) as the cut-off
and the patients aged more than 76 years were excluded in Berger
study, whereas we analyzed data from all consecutive patients for
whom FOLFIRINOX was appropriate, regardless of age.
Previous studies had reported a high rate of head location of

pancreatic adenocarcinoma.[8,11,27,33,34] Pancreatic head primar-
ies are often diagnosed with jaundice and have increased risk of
irinotecan-induced toxicity.[35] In our study, 65% of the patients
had their tumors located in the pancreatic head, but this did not
impact the safety because most of them underwent endoscopic or
percutaneous biliary stent placement (83%). The smaller rate
(38%) of head location reported by Conroy et al[7] may be due to
the exclusion in their study of patients with initial high bilirubin
levels resulting in a low proportion of enrolled patients with
biliary stents (14.3%).
The main limitation of our study is the retrospective analysis of

data in 37 patients; however, we included all consecutive patients
to report real practice data.

http://www.md-journal.com


Figure 5. Forest-plot of prognostic factors for TTP and OS after multivariate Cox-Model hazard ratio computing. The upper plot displays the prognostic factors for
intent to treat TTP (A); the plot below presents the prognostic factors of OS (B). Variables in bold are those that are significantly associated with TTP or OS. OS=
overall survival, TTP= time to progression.
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In conclusion, FOLFIRINOX regimen delivered with initial
dose-adaptations according to patients’ profiles improved
safety without negative impact on response rate, TTP, and OS
6

in LA or mPC. The efficacy of this modified version of
FOLFIRINOX deserves to be assessed on a prospective
cohort.
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