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FOLFIRINOX chemotherapy has shown remarkable responses in patients with metastatic pancreatic
cancer (MPC), and has significantly improved prognosis. However, FOLFIRINOX is currently not
frequently applied in China because of its high incidence of adverse events, and there is no recognized
optimization for this therapy in Chinese population. Modification of FOLFIRINOX may be better for its
acceptance in China. In this study, we evaluated the efficacy and safety of modified-FOLFIRINOX in pa-
tients with MPC. A total of 62 MPC patients were treated with modified-FOLFIRINOX (no Fluorouracil
bolus, 85% Oxaliplatin and 75% Irinotecan) between April 2014 and April 2017 in our institute. 40 of them
were evaluated, with a response rate of 32.5% (13/40). The frequent grade 3/4 adverse events are neu-
tropenia (29%) and alanine aminotransferase elevation (14.5%). No treatment-related death was
observed. The median overall survival and median progression-free survival are 10.3 months and 7.0
months, respectively. In conclusion, modified-FOLFIRINOX had significantly improved tolerance with
similar efficacy to FOLFIRINOX. These findings may provide evidence for the use of FOLFIRINOX in Chi-
nese patients with MPC.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Pancreatic cancer is the fourth leading cause of cancer-related
death worldwide [1], because of difficulty in diagnosis, early tu-
mor metastasis and tumor resistance to current therapies [2,3]. The
incidence in China was approximately 90,100 patients and the
mortality was 79,400 in 2015 [4], while the 5-year overall survival
(OS) rate remains around 4.1% [5]. Only 15e20% of patients are
u 310009, China.
u 310009, China.
Bai), liangtingbo@zju.edu.cn

r B.V. This is an open access article
eligible for potentially curative surgery, and the remaining patients
are defined as locally advanced disease or distant metastasis [6].

Systemic chemotherapy is frequently used to treat patients with
metastatic pancreatic cancer (MPC). In the past decade, gemcita-
bine has replaced 5-fluororacil and been recognized as the first
choice for pancreatic cancer patients, with a 1.2-months increase in
median overall survival (OS) [7]. However, the response rate of
gemcitabine monotherapy remains low (approximately 10%), and
an improved strategy is desperately needed [7,8]. FOLFIRINOX (a
combination of fluorouracil, oxaliplatin, irinotecan and leucovorin)
achieved much longer median OS in locally advanced pancreatic
cancer [9]. Recently, FOLFIRINOX has also been shown to acquire
significant longer median OS and progression-free survival (PFS) of
11.1 and 6.4 months, respectively, in MPC as well as an increased
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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sponse rate of 31.6% [10]. A meta-analysis, with twenty ran-
mized controlled trials and 6264 patients, was conducted to
mpare the efficacy of twelve chemotherapy regimens in treating
vanced or metastatic pancreatic cancer, and FOLFIRINOX was
und to be the best option in terms of better objective response
te (ORR), OS, and PFS [11]. Therefore, FOLFIRINOX has been
nsidered as the first-line chemotherapy regimen for MPC in
cent years.
However, the survival gain comes at a cost. Compared to gem-

tabine, FOLFIRINOX is reported with a higher rate of grade 3/4
verse events, including neutropenia (45.7% vs. 21%), fatigue
3.6% vs. 17.8%), vomiting (14.5% vs. 8.3%), diarrhea (12.7% vs. 1.8%),
d sensory neuropathy (9% vs. 0%) [10]. For this reason, FOLFIR-
OX was only used in patients with very good performance status
full dose, and the tolerability still remains amain concern [12]. As
result, an increasing number of studies have aimed to improve
emotherapeutic or targeted therapy regimens to reduce toxicity
ithout compromising efficacy (Table 1) [13e16]. Using dose
tenuation, Mahaseth et al. reported a significantly reduced inci-
nce of adverse events with a similar median OS (9.0 vs. 11.1
onths compared to full dose) [14]. Similarly, Stein et al. demon-
rated that reduction of irinotecan and bolus 5-fluorouracil by 25%
sulted in significantly decreased neutropenia, vomiting, and fa-
gue, with a relatively high response rate of 35.1% [15].
Compared with Chinese population, Europeans present with
ysical advantages and showgreater tolerance against the adverse
fects of chemotherapy. FOLFIRINOX is currently not popular in
ina because of its safety. Currently, there is no standard regimen
r FOLFIRINOX in China. The present study investigated the effi-
cy of the modified-FOLFIRINOX regimen in patients with MPC. As
r as we know, this is the first study to evaluate FOLFIRINOX in
inese patients with metastatic pancreatic cancer. We hope more
inese patients can benefit from FOLFIRINOX with dose
odification.

aterials and methods

tients

This was a prospective study involving MPC patients receiving adjuvant
odified-FOLFIRINOX from April 2014 to April 2017 at the Department of Hep-
obiliary and Pancreatic Surgery, the Second Affiliated Hospital, Zhejiang University
hool of Medicine. Patients who were histologically diagnosed with pancreatic
enocarcinoma and were prescribed modified-FOLFIRINOX, with or without prior
eatments, were eligible for inclusion. In all cases, MPC was diagnosed by a
ultidisciplinary team according to the National Comprehensive Cancer Network
finitions. Exclusion criteria were: (1) Eastern Cooperative Oncology Group (ECOG)
rformance score higher than 1; (2) inadequate bone marrow, liver or renal
nctions; (3) with additional malignancies; (4) older than 75 years. Our study
llowed the Declaration of Helsinki, and all included patients provided written
formed consent.
ble 1
e efficacy and safety of FOLFIRINOX in advanced pancreatic cancer patients.

Events Full dose Modified dose

Conroy [10] Stein [15]

Patients, n 166 68
Stage, %
Locally advanced 0 45.6
Metastatic 100 54.4

Outcomes
OS (MPC), months 11.1 10.2
PFS (MPC), months 6.4 6.1
ORR, % 31.6 35.1

Grade 3/4 AEs, %
Neutropenia 45.7 12.2
Fatigue 23.6 12.2
Vomiting 14.5 2.7
Diarrhea 12.7 16.2
sessments

All patients were evaluated every four cycles of modified-FOLFIRINOX using
est high-resolution computed tomography (HRCT) scan, abdominal enhanced
mputed tomography (CT), and enhanced magnetic resonance imaging (MRI) of
e liver. Physical examination and laboratory tests were performed every time
fore chemotherapy. Tumor responsewas categorized into complete response (CR),
rtial response (PR), stable disease (SD), and progressive disease (PD) according to
e Response Evaluation Criteria in Solid Tumors (version 1.1) [17]. Serum cancer
tigen (CA) 19-9 levels were examined at the time of tumor response assessment.
verse events were graded according to the National Cancer Institute Common
rminology Criteria for Adverse Events (version 4.0). OS was defined as the dura-
n from the beginning of chemotherapy to the date of death of any cause. PFS was
fined as the duration from the beginning of chemotherapy to the date of disease
ogression or death. Patients without event were censored at the last follow-up
te (May 1st, 2017). For patients with modified-FOLFIRINOX, information were
llected at the moment of admission. While patients who had discharged were
llowed up every 3 months in clinic with physical examination, laboratory tests,
est HRCT, abdominal enhanced CT and enhanced MRI of the liver.

eatment

The FOLFIRINOX regimenwasmodified by reducing oxaliplatin and irinotecan to
% and 75% of the full dose, respectively, and omitting the fluorouracil intravenous
lus. The detailed treatment plan is as follows: a 2-h intravenous infusion of
aliplatin (68 mg/m2), followed by another 2-h intravenous infusion of leucovorin
00 mg/m2), concomitantly with an additional 1.5-h intravenous infusion of iri-
tecan (135 mg/m2), and a subsequent intravenous infusion of fluorouracil
400 mg/m2) over 46 h. For all patients, anti-emetic agents (ondansetron, azase-
on, and metoclopramide), omeprazole, and dexamethasone were used to enhance
e tolerance against FOLFIRINOX-related adverse events. All patients in cohort were
fered modified-FOLFIRINOX (2-weekly schedule) and evaluated every 4 cycles.
mplete blood counts and other necessary blood tests were regularly performed
ery week. Biliary stenting and drainage procedures were performed in patients
ith jaundice. In our study, there were 13 patients underwent either chemotherapy
surgical resection before FOLFIRINOX. Six of them underwent tumor resection,
ur of them received chemotherapy, and the other three patients underwent both
eration and chemotherapy. Once chemotherapy resistance or PD was observed,
e modified-FOLFIRINOX was stopped. For those patients with SD or PR, the
ration of FOLFIRINOXwill be as long as 12 cycles and then take S1 orally. When S1
not strong enough to control the disease, FOLFIRINOX is still the first choice for
tients with good performance score.

atistical analysis

All data were analyzed using SPSS software (version 22). Datawere presented as
edian and range. PFS and OS analyses were performed using the KaplaneMeier
ethod and log-rank tests. A P value less than 0.05 was considered statistical
nificance.

esults

tient characteristics

A total of 62 patients were finally included and received the
odified-FOLFIRINOX treatment. The baseline characteristics are
ted in Table 2. The range of age was 38e75, with a mean age of
Mahaseth [14] Rombouts [16] Our Center

60 50 62

40 36 0
60 64 100

11.1 9.0 10.3
9.0 5.9 7.0
30 32 32.5

3 40 29
13 8 0
8 2 0
13 4 0
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Table 2
Patient characteristics at baseline.

Patients Characteristics All Patients

n ¼ 62

Age-Mean (Range) 61.7 (38e75)
Gender-no.(%)
Male 42 (67.7)
Female 26 (32.3)

Smoke-no.(%)
No 36 (58.1)
Yes 26 (41.9)

Alcohol-no.(%)
No 40 (64.5)
Yes 22 (35.5)

Presenting symptoms-no.(%)
Jaundice 6 (9.7)
Pain 54 (87.1)
Weight loss 31 (50)

Co-morbidities-no.(%)
Hypertension 17 (27.4)
Diabetes mellitus 12 (19.4)
Coronary heart disease 0
Chronic obstructive pulmonary disease 0
Other malignancy 0

ECOG performance score-no.(%)
0 38 (61.3)
1 24 (38.7)
2 0
Pancreatic tumor location-no.(%)
Proximal 22 (35.5)
Distal 40 (64.5)

Metastatic sites-no.(%)
Liver 49 (79)
Lung 1 (1.6)
Peritoneal 7 (11.3)
Lymph nodea 10 (16.7)
Others 5 (8.1)

Previous therapy
Chemotherapy 7 (11.3)
Radiation 0
Curative intent procedures 9 (14.5)
Open-close surgery 1 (1.6)
Biliary stent 6 (9.7)

Lab testsb-Mean (Range)
CA19-9 (U/mL) 5724.7 (2e12000)
Carcino-Embryonic Antigen (U/mL) 72.1 (1e1044)
Alpha-FetoProtein (ng/mL) 33.9 (1e1898)
Albumin (g/L) 39.4 (30e50)
Serum Creatinine (umol/L) 58.8 (30e104)
Total Bilirubin (umol/L) 21.4 (5e138)
Blood Platelet (109/L) 193.6 (40e361)
White Blood Cell (109/L) 6.9 (2.0e14.0)

a Lymph node located in peri-aortic, caval, SMA and CA.
b The initial lab test results after admission.

Table 3
Response to modified-FOLFIRINOX.

Variable All patients

n ¼ 62

Could not be evaluated 22 (35.5)
Response-no.(%) n ¼ 40
Complete Response (CR) 0
Partial Response (PR) 13 (32.5)
Stable Disease (SD) 11 (27.5)
Progressive Disease (PD) 16 (40)

Rate of Objective Response (OR)-no.(%) 13 (32.5)
Rate of Disease Control (DC)-no.(%) 24 (60)

The Objective Response rate was defined as the percentage of patients with CR
or PR.
The Rate of Disease Control was defined as the percentage of patients with CR, PR
or SD.

X. Li et al. / Cancer Letters 406 (2017) 22e2624
61.7 years old. The majority of the patients (n ¼ 38, 61.3%)
demonstrated an ECOG score of 0. Fifty-four (87.1%) patients pre-
sented with abdominal pain when diagnosed, and six patients
(9.7%) placed biliary stent or catheter before chemotherapy because
of jaundice. The liver was the commonest organ with metastases
found (n ¼ 49, 79%). The baseline laboratory testing results,
including CA19-9, CEA, AFP, albumin, serum creatinine, total bili-
rubin, blood platelet and white blood cell, after admission are also
listed in Table 2. Fifty-four patients (87.1%) were found with
elevated CA19-9 levels before chemotherapy.

Response

Forty patients (64.5%) were restaged aftermodified-FOLFIRINOX
treatment. The response of these patients was evaluated and is
shown in Table 3. Though no CR was observed, 13 (32.5%) patients
showed PR. Unfortunately, 16 out of 40 (40%) had PD. We were able
to evaluate CA19-9 response in 32 out of 54 patients with elevated
pre-treatment CA19-9 results. A decrease in CA19-9 was observed
in 25 patients (25/32, 78.1%) after four cycles of FOLFIRINOX. The
median OS of patients with decreased CA19-9 levels was 14.0
months, while that of the others was only 7.0 months (P < 0.01;
Fig. 1a). A temporary increase in CA19-9 level (more than 1.5 times
compared to baseline) was observed in 11 patients from the
decreased group. In addition, we found that the pre-treatment level
of CA19-9 did not affect OS in patients with MPC (median OS of 10.5
and 10.3 months in CA19-9 normal and elevated groups respec-
tively, P ¼ 0.78; Fig. 1b).

Adverse events

In general, the incidence of adverse events was 80.6% (n ¼ 50),
and neutropenia was the most frequent one, with an incidence of
64.5%. For severe adverse events, we observed 27 patients (43.5%)
with grade 3/4 toxicities, among which 29% (n ¼ 18) was neu-
tropenia, 4.8% (n ¼ 3) was thrombocytopenia, 8.1% (n ¼ 5) was
anemia, 4.8% (n ¼ 3) was infection, and 14.5% (n ¼ 9) was elevated
level of alanine aminotransferase (ALT; Table 4). Grade 3/4 vomiting
was not observed in the present study, probably due to the com-
bination therapy of ondansetron, azasetron and metoclopramide
during the chemotherapy and removal of fluorouracil intravenous
bolus from the regimen. No patients suffered febrile neutropenia,
sensory neuropathy or thromboembolism. Totally, 43 patients
(69.4%) received granulocyte-colony stimulating factor treatment
before or after chemotherapy. Moreover, five patients (8.1%)
required interleukin 11 therapy, and two patients (3.2%) were
treated with thrombopoietin.

Survival

All 62 patients were included for survival analysis. The median
number of treatment cycles was 5, ranging from 1 to 15. The me-
dium duration of follow-up was 7 (range 1e22) months. The me-
dian OS was 10.3 months, and a total of 32 (53.2%) patients died at
the last follow-up. The median PFS of was 7.0 months (Fig. 2).

Discussion

MPC patients have extremely short survival, and few treatment
modalities have been established in such clinical scenario. FOLFIR-
INOX chemotherapy can produce remarkable efficacy in MPC pa-
tients with significantly increased survival, compared to
gemcitabinemonotherapy [10], and is a promising strategy for these
unfortunates. However, the application of FOLFIRINOX is largely
limited by its considerable toxicity. As a consequent, clinicians in
China hesitate to prescribe FOLFIRINOX forMPC patients, although it
may have better efficacy to combat tumor. Very limited MPC
Ipsen Ex. 2050, Page 3 of 5
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Fig. 1. The association between median OS and CA19-9 levels in MPC patients. a. Response was evaluated in 32 patients with elevated CA19-9 levels detected before chemotherapy.
After four cycles of treatment, patients were divided into two groups according to the change of CA19-9 levels following chemotherapy. The median survival time of the decreased
group (n ¼ 25) was 14.0 months, and that of the others (n ¼ 7) was 7.0 months (P < 0.01). b. The median OS of all patients was analyzed, according to the pre-chemotherapy CA19-9
level. No significant difference was observed between the normal (n ¼ 8, 10.5 months) and elevated groups (n ¼ 54, 10.3 months; P ¼ 0.78).

Table 4
Adverse events.

Events MPC

n ¼ 62

Total Grade

3/4

Hematologic-no.(%)
Neutropenia 40 (64.5) 18 (29)
Febrile neutropenia 0 0
Thrombocytopenia 26 (41.9) 3 (4.8)
Anemia 35 (56.5) 5 (8.1)

Non-hemotologic-no.(%)
Infection 4 (6.5) 3 (4.8)
Fatigue 4 (6.5) 0
Vomiting 14 (22.6) 0
Diarrhea 2 (3.2) 0
Sensory neuropathy 0 0
Elevated level of ALT 28 (45.2) 9 (14.5)
Thromboembolism 0 0

Hematopoietin
G-CSF 43 (69.4)
IL-11 5 (8.1)
TPO 2 (3.2)
EPO 0

Abbreviations: G-CSF, granulocyte-colony stimulating factor; IL-11, interleukin 11;
TPO, thrombopoietin; EPO, erythropoietin.

Fig. 2. KaplaneMeier survival estimates of survival. A total of 62 patients were treated
using modified-FOLFIRINOX. The median overall survival of all patients was 10.3
months, and the median progression-free survival was 7.0 months.
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tients have tried FOLFIRINOX regimen in some Chinese in-
itutions, and these studies were halted because of the poor
lerance.
To make FOLFIRINOX more practicable, many investigators have

ade their efforts to enhance patients' tolerance to this chemo-
erapy through various ways [13]. Mahaseth et al. significantly
duced the incidence of grade 3/4 neutropenia and diarrhea
ithout compromising the efficiency of FOLFIRINOX simply by
moving fluorouracil bolus and using hematopoietic growth fac-
rs at the same time [14]. Stein et al. reduced the doses of both
inotecan and fluorouracil bolus by 25%, and found that the in-
dences of neutropenia, vomiting and fatigue were significantly
creased [15]. Other modification strategy for advanced pancre-
ic cancer includes avoiding use of irinotecan [18] and it may be
ferential in MPC patients. However, all these attempts weremade
t of China. Due to the racial differences between Chinese and
estern patients, the experience acquired from Western people
ay be not suitable for Chinese patients. Thus, appropriate modi-
ation of FOLFIRINOX is urgently needed in China. In the present
udy, we modified FOLFIRINOX by reducing oxaliplatin and irino-
can to 85% and 75% of the full dose, respectively, and abandoning
orouracil intravenous bolus for the purpose of improving toler-
ility. Meanwhile, our modification maintained considerable ef-
acy of FOLFIRINOX, with an ORR of 32.5% and prolonged survival
ith acceptable toxicity.
Several studies have proven that modification of FOLFIRINOX

d not compromise its efficacy. An American study recruiting 36
PC patients treated with modified-FOLFIRINOX showed that
edian OS and PFS were 9.0 and 8.5 months, respectively [14].
nger OS (median, 12.9 months) and PFS (median, 8.7 months)
ter modified-FOLFIRINOX treatment were also reported by
other study with 66 MPC patients included [19]. In the current
udy, we enrolled 62 MPC patients and provided a novel modi-
ation strategy for FOLFIRINOX according to our experience. In
r cohort, the median OS and PFS were 10.3 and 7.0 months,
spectively, comparable to the previous studies. Furthermore, we
und that the median OS of the patients with decreased CA19-9
vels was two-fold of that of the other patients after chemo-
erapy. Therefore, CA19-9 level after chemotherapy may be a
ognostic indicator in MPC patients receiving modified-
LFIRINOX. Since the pre-chemotherapy CA19-9 level did not
fluence OS in our study, the change of CA19-9 level more likely
flected tumor response to the treatment. Noticeably, a tempo-
ry increase of CA19-9 level was observed in some cases but it
ceased after the following two cycles of treatment. Therefore,
e elevation of CA19-9 level in the first two cycles may not sug-
st drug resistance.
Ipsen Ex. 2050, Page 4 of 5



1861e1866.
[17] E.A. Eisenhauer, P. Therasse, J. Bogaerts, L.H. Schwartz, D. Sargent, R. Ford, et

al., New response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1), Eur. J. Cancer 45 (2009) 228e247.

[18] H.A. El-Hadaad, H.A. Wahba, Oxaliplatin plus 5-fluorouracil and folinic acid

Lette
Modified-FOLFIRINOX is also supposed to reduce adverse
events. Conroy et al. reported that grade 3/4 adverse events with
FOLFIRINOX treatment are neutropenia (45.7%), fatigue (17.8%),
vomiting (14.5%), and diarrhea (12.7%) [9]. We showed that only
29% of patients receiving modified-FOLFIRINOX suffered grade 3/4
neutropenia, and no grade 3/4 fatigue, vomiting or diarrhea was
observed at all. We believe that the removal of fluorouracil bolus
from FOLFIRINOX and the use of hematopoietic growth factors
contributed to the reduction of grade 3/4 neutropenia and diarrhea.
The relatively low risk of hematological adverse events (thrombo-
cytopenia and anemia) and none chemotherapy-related treatment
cessation or death suggested a good tolerability of our modified-
FOLFIRINOX regimen.

In summary, we showed that ourmodified-FOLFIRINOXwaswell
tolerated in MPC patients, with an ORR of 32.5%, median OS of 10.3
month, and PFS of 7.0 months. Reduction of serum CA19-9 levels
post-chemotherapy was associated with better prognosis. The
European Organization for Research and Treatment of Cancer
(EORTC) QLQ-C30 questionnaire may be needed to obtain better
evaluation of quality of life of patients receiving modified-
FOLFIRINOX treatment. To our knowledge, this is the first prospec-
tive study aiming to evaluate the efficacy of FOLFIRINOX in Chinese
MPC patients, and they did benefit from dose reduction with
improved safety and similar tumor response. More studies in Chi-
nese population are required to validate these results and provide
better modification of FOLFIRINOX regimen.
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