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Abstract

Background: Oxaliplatin, irinotecan, 5-fluorouracil, and t-leucovorin (FOLFIRINOX) has become one of the first-line treat-
ment options for advanced pancreatic cancer (PC). However, the relatively high rate of grade 3 or 4 adverse events associated
with the standard dosage of FOLFIRINOX limits its widespread use in clinical practice. In this study, we were to evaluate the
efficacy and safety of a modified FOLFIRINOX regimen as a first-line chemotherapy for Chinese patients with metastatic PC.

Methods: Patients with histologically confirmed primary metastatic pancreatic adenocarcinoma with an East-

ern Cooperative Oncology Group (ECOG) performance status score of 0-2 were recruited to receive the modified
FOLFIRINOX regimen (intravenous infusion of oxaliplatin, 65 mg/mz; irinotecan, 150 mg/mz; L-leucovorin, 200 mg/

m? and 5-fluorouracil, 2400 mg/mz, repeated every 2 weeks). The treatment was continued for 12 cycles unless the
patient had progressive disease (PD), stable disease (SD) with symptom deterioration, unacceptable adverse events, or
requested to terminate the treatment prematurely. The primary endpoint was objective response rate (ORR).

Results: Sixty-five patients were enrolled from July 2012 to April 2017 in three institutions, and they all received at
least one cycle of chemotherapy, with a median of 8 cycles (range 1-12 cycles). No complete response was observed.
Twenty-one (32.3%) patients had partial responses, and 27 (41.5%) had SD. The ORR and disease control rate of the
study cohort was 32.3% and 73.8%. The estimated median overall survival and progression-free survival were 11.60
(95% confidence interval [Cl] 8.76-14.44) and 5.77 (95% CI 5.00-6.54) months. Major grade 3 or 4 adverse events
included neutropenia (12.3%) and diarrhea (6.2%). No treatment-related death was observed.

Conclusions: Modified FOLFIRINOX was well-tolerated and might be a promising option as first-line therapy for
Chinese patients with metastatic PC.
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Background

Pancreatic cancer (PC) is the fourth leading cause of
cancer-related death worldwide [1]. Despite decades of
efforts, it is still one of the deadliest solid malignancies,
with a 5-year survival rate of less than 5% [2]. Gemcit-
abine has become the standard care for patients with
locally advanced or metastatic PC since 1997 [3]. The
addition of albumin-bound paclitaxel (nab-paclitaxel) to
gemcitabine has significantly improved the patient’s sur-
vival rate and has become the newly accepted standard of
treatment [4]. However, the combinations of gemcitabine
with other cytotoxic or molecularly targeted agents have
generally shown no substantial clinical improvement
when compared with gemcitabine alone [5-7].

The PRODIGE 4/ACCORD 11 study [5] exploring
FOLFIRINOX (a combination chemotherapy regimen of
oxaliplatin, irinotecan, 5-fluorouracil, and L-leucovorin)
as a first-line treatment in patients with advanced PC was
performed by a French consortium study group. When
comparing the FOLFIRINOX regimen with single-agent
gemcitabine, they found that the FOLFIRINOX regi-
men was associated with significantly prolonged overall
survival (OS, 11.1 months vs 6.8 months, P<0.001) and
progression-free survival (PFS, 6.4 months vs 3.3 months,
P<0.001). Moreover, the objective response rate (ORR)
of patients in the FOLFIRINOX group was higher than
that of patients in the gemcitabine group (31.6% vs 9.4%,
P<0.001). Furthermore, the observed definitive degra-
dation of the quality of life was significantly lower in the
FOLFIRINOX group (31% vs 66%, P<0.001). Thus, FOL-
FIRINOX became one of the standard options for patients
with advanced PC and has demonstrated good perfor-
mance status in North America and Europe. However,
grade 3 or 4 adverse events (45.7% grade 3 or 4 neutrope-
nia, 5.4% febrile neutropenia, 12.7% diarrhea, 9.1% throm-
bocytopenia, 9.0% sensory neuropathy) were frequently
observed in the FOLFIRINOX group even when using the
median relative dose intensity of 5-fluorouracil, irinote-
can, and oxaliplatin which 82%, 81%, and 78% of the initial
dose, respectively [5]. As a result, many dose modifica-
tions have been reported and have demonstrated reduced
adverse events without compromising the treatment effi-
cacy in both metastatic and adjuvant settings [8—13].

However, data on the efficacy and safety of FOLFIRINOX
in Chinese patients with metastatic PC is still limited.
Therefore, in this study, we aimed to evaluate the efficacy
and safety of a modified FOLFIRINOX as a first-line chem-
otherapy regimen for Chinese patients with metastatic PC.

Patients and methods

Patient population

Patients who were radiologically and histologi-
cally diagnosed with primary metastatic pancreatic
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adenocarcinoma between July 2012 and April 2017
were enrolled in this multicenter, single-arm, prospec-
tive phase II study. Inclusion criteria included an age of
18 years or older and an Eastern Cooperative Oncol-
ogy Group (ECOG) performance status score of 0, 1
or 2, with at least one measurable metastatic lesion
and adequate hematological, liver, and renal functions
(hemoglobin >90 g/L, neutrophil count >2.0 x 10°/L,
platelet count >90 x 10°/L, total bilirubin < 1.2 x upper
limit of normal, aspartate transaminase and alanine
transaminase <2.5 X upper limit of normal, and cre-
atinine <1.25 x upper limit of normal). Prior adjuvant
therapy (including adjuvant radiotherapy or chemother-
apy >4 weeks) was allowed. Patients with postoperative
recurrence were also enrolled.

Exclusion criteria were an age of 76 years or older,
pancreatic malignancies other than adenocarcinoma,
a history of other types of cancer, active and uncon-
trolled medical diseases such as severe sepsis and septic
shock, symptomatic peripheral neuropathy >grade 2, a
history of palliative radiotherapy/immunotherapy, and
pregnancy or breastfeeding women. Written informed
consent was obtained from all patients. The study was
approved by the independent ethics committees of
Sun Yat-sen University Cancer Center, Tianjin Medi-
cal University Cancer Institute and Hospital, and The
First People’s Hospital of Foshan and was performed in
accordance with the Declaration of Helsinki.

Treatment and assessment

Patients were given a 30-min intravenous infusion of
antiemetic and then treated with modified FOLFIRINOX
(a 2-h intravenous infusion of oxaliplatin at 65 mg/ m?,
immediately followed by a 2-h intravenous infusion of
L-leucovorin at 200 mg/m? a 1.5-h intravenous infu-
sion of irinotecan at 150 mg/m? and a 46-h continu-
ous infusion of fluorouracil at 2400 mg/m? repeated
every 2 weeks). Granulocyte colony-stimulating factor
was allowed for those who suffered grade 3 or 4 neu-
tropenia. The treatment was continued for 12 cycles
unless the patient had progressive disease (PD), stable
disease (SD) with symptom deterioration, unacceptable
adverse events, or requested to terminate the treatment
prematurely.

Study design

The sample size was estimated by the Simon’s two-
stage design. The expected ORR for the modified FOL-
FIRINOX was initially assumed to be 30%. If the ORR
was less than 10%, the modified FOLFIRINOX was con-
sidered to be ineffective. Due to the possible occurrence
of the first type of error (a« =0.05) and the possible occur-
rence of the second type of error ($=0.10), 18 patients
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were needed in the first stage of the study. If more than
2 patients were responsive to the treatment, the second
stage would be initiated, and 17 more patients would be
enrolled. Considering a withdrawal rate of 15%, a total of
40 patients were needed in this study.

Evaluation of response

Patients completing at least one cycle of the modified
FOLFIRINOX with at least one follow-up tumor assess-
ment were considered evaluable for response. Computed
tomography (CT) of the chest, abdomen, and pelvic cav-
ity was repeated every 4 cycles. The treatment response
was determined in accordance with the Response Evalu-
ation Criteria in Solid Tumors (RECIST, version 1.0) by
the investigators. Adverse events were assessed according
to the Common Terminology Criteria for Adverse Events
(CTCAE, version 4.0) on days 1, 8, 15 of the treatment
cycle. Second-line treatment was strongly recommended
for those who were still with good performance status
after PD was observed during the treatment period.

Study endpoints

The primary endpoint of this phase II trial was ORR,
and the secondary endpoints were disease control rate
(DCR), OS, PFS and the rates of adverse events. ORR was
determined as the percentage of patients who had a com-
plete (CR) or partial response (PR). DCR was defined as
the percentage of patients who had a CR, PR, or SD. In
addition, OS was calculated from the date of enrollment
to death from any cause. PFS was defined as the time
interval from recruitment until radiological or clinical
progression or death from any cause.

Follow-up

All patients received regular blood tests including tumor
markers detection and CT scans of the chest, abdomen,
and pelvic cavity every 2 months unless they had PD.
Patients with PD after modified FOLFIRINOX treatment
were followed-up every 3 months by telephone until
death. The end of follow-up period was December 20,
2018.

Statistical analysis

Descriptive statistical analysis was used to determine the
ORR and DCR. The OS and PES were estimated using the
Kaplan—Meier method. Log-rank test was used for statis-
tical comparisons between survival curves. All statistical
analyses were carried out using the SPSS software, ver-
sion 22.0 (SPSS Inc., Chicago, IL, USA). A two-sided P
value of less than 0.05 was considered significant.
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Results

Patient characteristics

Between July 2012 and April 2017, a total of 65 patients
with histologically confirmed primary metastatic PC
from three centers (Sun Yat-sen University Cancer
Center [n=38], Tianjin Medical University Cancer Insti-
tute and Hospital [n=21], and The First People’s Hospital
of Foshan [n=6]) were included in this study. There were
43 men (66.2%) and 22 women (33.8%) with a median
age of 56 years (range 23-74 years). Thirty-two (49.2%)
patients had tumors located in the head of the pan-
creas, while there were 13 (20.0%) and 6 (9.2%) patients
with tumors located in the body and tail of the pancreas,
respectively. Fourteen (21.6%) patients had multicentric
PC. Six patients had an ECOG performance score of 2,
and the remaining 59 patients had a score of 0 or 1. The
baseline clinicopathologic characteristics are summa-
rized in Table 1.

Responses
A total of 469 cycles of chemotherapy were delivered,
with a median of 8 cycles per patient (range 1-12 cycles).

Table 1 Demographic and baseline characteristics
of the enrolled patients
Clinicopathological No. of patients
Characteristics n, (%)
Gender
Male 43 (66.2)
Female 22 (33.8)
ECOG performance status score
0 21 (32.3)
1 38(585)
2 6(9.2)
Primary tumor location
Head 32(49.2)
Body 13 (20.0)
Tail 6(9.2)
Multicentric 14 (21.6)
No. of metastatic sites involved
Median 1
Range 1-4
Metastatic tumor sites
Liver 53 (81.5)
Lung 14 (21.5)
Lymph nodes 19(29.2)
Peritoneum 15(23.1)
Others 7(10.8)
Cycles of mFOLFIRINOX
Median 8
Range 1-12

ECOG Eastern Cooperative Oncology Group, mFOLFIRINOX modified
5-fluorouracil, irinotecan, leucovorin, and oxaliplatin
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Table 2 Objective responses and survival of the study
population

Variable No.
of Patients

[cases (%)]

Median PFS
(95% CI, months)

Median OS
(95% CI, months)

Best response

Complete 0 - -
response
Partial response 21 (32.3) 7.80 (4.86-10.74) 18.17 (12.89-23.45)
Stable disease 27 (41.5) 7.00 (4.43-9.57) 13.00 (9.68-16.32)
Progressive 16 (24.6) 1.93(1.59-228)  4.30(3.58-5.02)
disease
Could not be 1(1.5) - -
evaluated
Objective 21(32.3) - -
response rate?
Disease control 48 (73.8) - -

rate®

OS overall survival, PFS progression free survival, Cl confidence interval

@ The rate of objective response was defined as the percentage of patients who
had a complete response or a partial response

b The rate of disease control was defined as the percentage of patients who had
a complete response, partial response, or stable disease

The responses to therapy are summarized in Table 2. Of
the 65 patients, 21 (32.3%) achieved PR, and 27 (41.5%)
had SD; no CR was observed, leading to an ORR and
DCR of 32.3% (21/65) and 73.8% (48/65). One case could
not be evaluated due to the lack of CT scan after receiv-
ing 3 cycles of treatment. No CR or PR was observed in
patients with an ECOG performance score of 2.

Survival

The median follow-up time was 16.70 (range 1.43-45.13)
months. At the end of the study, 59 (90.8%) of the 65
patients had PD, and 57 (87.7%) died. The estimated
median PFS and OS of the entire study cohort were 5.77
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(95% confidence interval [CI] 5.00-6.54) and 11.60 (95%
CI 8.76—14.44) months (Fig. 1).

In addition, the estimated median PFS for patients with
an ECOG performance score of 0, 1, and 2 were 7.57
(95% CI 7.37-7.77), 4.73 (95% CI 3.55-5.92) and 1.93
(95% CI 1.41-2.45) months, respectively (ECOG 0 vs 1 vs
2: P<0.001; Fig. 2a), and the estimated median OS were
16.17 (95% CI 12.03-20.30), 11.07 (95% CI 9.57-12.57)
and 3.17 (95% CI 2.68-3.65) months, respectively (ECOG
0vs 1vs2: P<0.001; Fig. 2b).

Safety

The common treatment-related hematologic and nonhe-
matologic adverse events are summarized in Table 3. The
most common adverse events were neutropenia, anemia,
loss of appetite, nausea, vomiting, fatigue, and alanine
aminotransferase elevation. Major grade 3 or 4 adverse
events included neutropenia in 8 (12.3%) patients and
diarrhea in 4 (6.2%) patients. Eight patients needed dose
reduction due to severe diarrhea (#=4) or neutropenia
(n=4). 5-Fluorouracil and/or irinotecan infusion were
the most commonly adjusted agents. Of the 6 patients
with an ECOG performance score of 2, only one devel-
oped grade 4 neutropenia and recovered after 1 week of
hospitalized treatment. No treatment interruption or
treatment-related death occurred.

Second-line therapy

Second-line therapy was recommended for patients with
good performance status and adequate organ functions
who had PD after the modified FOLFIRINOX chemo-
therapy (n=20). Gemcitabine plus nab-paclitaxel was
the most commonly used second-line regimen and was
prescribed in 14 patients. Other patients received gem-
citabine (n=3) or S1 (n=23) monotherapy. No patients
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Fig. 2 Kaplan-Meier survival curves of a progression-free survival (PFS) and b overall survival (OS) of the 65 enrolled patients stratified by the
Eastern Cooperative Oncology Group (ECOG) performance status scores (log-rank test of ECOG 0 vs 1 vs 2)

underwent third-line therapy due to a decrease in ECOG
performance status after the second-line chemotherapy.

Discussion

In the present study, in an attempt to reduce the risk of
adverse events of the FOLFIRINOX regimen, dose modi-
fication was performed by using 65 mg/m? and 150 mg/

m? of oxaliplatin and irinotecan based on their median
relative dose intensities of their initial prescribed dos-
age used in the PRODIGE 4/ACCORD 11 study [5], and
removed the intravenous bolus of 5-fluorouracil due to
its notable myelosuppression. Based on such modifica-
tions, we found that our modified FOLFIRINOX regi-
men demonstrated encouraging anti-cancer activity in

Table 3 The rate of treatment-related adverse events of the study cohort

Adverse event

Frequency [cases (%)]

Grade 1 Grade 2 Grade 3 Grade 4
Hematologic

Neutropenia 20 (30.8) 15(23.1) 4(6.2) 4(6.2)
Thrombocytopenia 9(13.8) 2(3.0)

Anemia 24 (36.9) 3(4.6) 0 1(1.5)

Nonhematologic

Loss of appetite 34 (52.3) 18(27.7) 0 0
Nausea 26 (40.0) 18 (27.7) 0 0
Vomiting 4(21.5) 19(29.2) 1(1.5) 0
Mucosal inflammation 4(21.5) 1(1.5) 0 0
Diarrhea 20(30.8) 4(6.2) 4(6.2) 0
Alopecia 52 (80.0) 13(20.0) - -
Fatigue 25 (38.5) 10(15.4) 0 0
Sensory neuropathy 8(27.7) 3(4.6) 0 0
Weight loss 7( 0.8) 0 0 0
Constipation 7(10.8) 1(1.5) 0 0
Alanine aminotransferase elevation 22 (33.8) 7(10.8) 1(1.5) 0
Aspartate aminotransferase elevation 12 (18.5) 4(6.2) 0 0
Bilirubin elevation 4(6.2) 0 0 0
Allergic reaction 1(1.5) 0 0 0
Rash 1(1.5) 0 0 0
Hand-foot syndrome 1(1.5) 0 0 0
Singultus 1(1.5) 0 0 0
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Chinese patients with metastatic PC. The ORR and DCR
were reported to be 32.3% and 73.8%. Moreover, the esti-
mated median OS and PFS were 11.60 and 5.77 months,
which were consistent with those treated with the full-
dose FOLFIRINOX [5].

Other reported modified FOLFIRINOX regimens were
usually established by removing the intravenous bolus
of fluorouracil and reducing the oxaliplatin and irinote-
can dosages to 78%—88% and 64%-81% of the full dose
(Table 4) [11, 14, 15]. Stein et al. [14] reported the effi-
cacy of a modified FOLFIRINOX (the doses of irinotecan
and bolus 5-fluorouracil reduced by 25%) with an ORR of
35.1% and median OS and PES of 10.2 and 6.1 months.
Meanwhile, Li et al. [15] evaluated the efficacy and
safety of a modified FOLFIRINOX (the doses of oxalipl-
atin and irinotecan adjusted to 85% and 75% of the full
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doses, without intravenous bolus of 5-fluorouracil) in
62 metastatic PC patients treated at a single institution.
They found that a DCR of 60% was achieved of which 13
patients had CR or PR, leading to an ORR of 32.5%, and
the median OS and PFS were 10.3 and 7.0 months. Thus,
combined with the results from these previous studies,
we strongly suggest that a modified FOLFIRINOX regi-
men can have comparable treatment efficacy as to that
of the original regimens reported in the PRODIGE 4/
ACCORD 11 study [5].

In regard to the therapeutic safety, our results showed
that this modified FOLFIRINOX regimen was well-
tolerated, had a relatively low number of adverse events
(grade 3 or 4 neutropenia 13.4%, no febrile neutropenia;
grade 3 diarrhea 6.2%, grade 2 sensory neuropathy 4.2%),
without treatment-related death. In comparison with

Table 4 The efficacy and safety of standard and modified FOLFIRINOX regimen in advanced pancreatic cancer patients

Events Standard regimen Modified regimen
Conroy et al. [5] Yoshidaetal.  Steinetal.[14] Lietal.[15] Present study
(1]
Patients (n) 171 31 68 62 65
Disease (n)
Locally advanced 0 0 31 0 0
Metastatic 171 31 37 62 65
ECOG performance score (n)
0 64 25 17 38 21
1 106 6 20 24 38
2 1 0 0 0 6
Dose (mg/mz)
Oxaliplatin 85 85 85 68 65
Irinotecan 180 150 135 135 150
5-Fluorouracil 2400 2400 2400 2400 2400
Survival (months)
Median OS 1.1 14.9 10.2 10.3 10.9
Median PFS 6.4 7 6.1 7 6.7
Response (n)
Complete response 1 0 0 0 0
Partial response 53 12 13 13 21
Stable disease 66 11 19 11 27
Progressive disease 26 8 5 16 16
Objective response rate (%) 316 38.7 35.1 325 323
Disease control rate (%) 70.2 74.2 86.5 60 738
Adverse event (%)
Neutropenia (grade 3/4) 457 839 12.2 29 124
Fatigue (grade 3/4) 236 NE 12.2 0 0
Diarrhea (grade 3/4) 12.7 6.5 16.2 0 6.2
Vomiting (grade 3/4) 14.5 32 2.7 0 1.5
Sensory neuropathy (grade 3/4) 9 9.7 2.7 0 0
Sensory neuropathy (grade 1/2) NE 58.1 NE 0 323

NE not evaluated
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other modified FOLFIRINOX regimens [11, 14], the rates
of adverse events were different in Chinese PC patients.
The rate of grade 3 diarrhea in this study was significantly
higher than that reported by Li et al. [15], which might
be attributed to the relatively higher dose of irinotecan in
the present study (150 mg/m? vs 135 mg/m?) (Table 4).
Moreover, the median number of cycles of modified
FOLFIRINOX delivered per patient in this study were
8 (oxaliplatin with a cumulative dosage of 520 mg/m?),
which could explain why there were more patients suf-
fering from grade 1 or 2 sensory neuropathy (21 cases,
32.3%) compared to those in Li et al’s study [15].

Furthermore, in the present study, patients were
included regardless of their ECOG performance scores.
Among them, 6 patients had an ECOG performance sta-
tus score of 2 and showed good tolerance of treatment
with the modified FOLFIRINOX regimen, except for one
patient who developed grade 4 neutropenia but recov-
ered after 1 week of hospitalized treatment. In addition,
the estimated median PFS and OS were 1.93 (95% CI
1.41-2.45) months and 3.17 (95% CI 2.68-3.65) months.
This preliminary result showed that although the adverse
events of modified FOLFIRINOX in ECOG performance
status 2 patients were manageable, their PFS and OS were
short, which might be attributed to the unwillingness of
the patients to receive subsequent treatment. For these
patients, further studies might be needed to compare the
efficacy and safety of the modified FOLFIRINOX with
the standard monotherapy regimen.

There are some limitations of the present study that
needs to be addressed. First, although the patients
were recruited from three hospitals, only 65 patients
were enrolled and the study period was relatively long,
nearly 5 years. Second, the small sample size may have
partly affected the observed results of this study. Third,
we could not evaluate the patients’ quality of life due to
insufficient data. Therefore, we suggest that further stud-
ies on a larger cohort of patients are needed to confirm
the efficacy and safety of this regimen.

Conclusions

The efficacy of this modified FOLFIRINOX was compa-
rable to that of the original regimen but with a notably
lower rate of adverse events. This modified FOLFIRINOX
regimen might be a promising first-line chemotherapy
option for Chinese patients with metastatic PC.

Abbreviations

FOLFIRINOX: oxaliplatin, irinotecan, fluorouracil and t-leucovorin; PC: pan-
creatic cancer; ECOG: Eastern cooperative oncology group; ORR: objective
response rate; Cl: confidence interval; OS: overall survival; PFS: progression-free
survival; PD: progressive disease; SD: stable disease; RECIST: response evalu-
ation criteria in solid tumors; CT: computed tomographic; CTCAE: common

Page 7 of 8

terminology criteria for adverse events; DCR: disease control rate; PR: partial
response; CR: complete response.

Authors’ contributions

HYL, YB, and RHX conceived and designed this study. TD, LZ, FF, WW, FHW,
DSW and HYL were involved in data collection and statistical analysis. ZQW, FZ,
HYL and YB were involved in the interpretation of results and manuscript writ-
ing. All authors reviewed the final manuscript. All authors read and approved
the final manuscript.

Author details

! Department of Medical Oncology, State Key Laboratory of Oncology

in South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-
sen University Cancer Center, 651 Dongfeng East Road, Guangzhou 510060,
Guangdong, People’s Republic of China. 2 Department of Gastrointestinal
Medical Oncology, National Clinical Research Center of Cancer, Key Laboratory
of Cancer Prevention and Therapy, Tianjin Medical University Cancer Institute
and Hospital, Tianjin 300060, People’s Republic of China. * Cancer Center,

The First People’s Hospital of Foshan, Foshan 528000, Guangdong, People’s
Republic of China.

Acknowledgements
None.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials

All data are fully available without restrictions. The authenticity of this article
has been validated by uploading the key raw data to the Research Data
Deposit public platform (http://www.researchdata.org.cn) with Approval RDD
Number RDDA2019000966.

Consent for publication
Not applicable.

Ethics approval and consent to participate

Written informed consent was obtained from all included subjects. The study
was approved by the independent ethics committee at Sun Yat-sen University
Cancer Center, Tianjin Medical University Cancer Institute and Hospital and
The First People’s Hospital of Foshan, and the study was performed in accord-
ance with the Declaration of Helsinki.

Funding
Not applicable.

Received: 19 September 2018 Accepted: 15 April 2019
Published online: 08 May 2019

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin.
2017,67(1):7-30. https://doi.org/10.3322/caac.21387.

2. ChenW, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer
statistics in China, 2015. CA Cancer J Clin. 2016;66(2):115-32. https://doi.
org/10.3322/caac.21338.

3. Burris HA lll, Moore MJ, Andersen J, Cripps MC, Portenoy RK, Storniolo AM,
Tarassoff P, Nelson R, Dorr FA, Stephens CD, Von Hoff DD. Improvements
in survival and clinical benef it with gemcitabine as first-line therapy for
patients with advanced pancreas cancer: a randomized trial. J Clin Oncol.
1997;15(6):2403-13.

4. Von Hoff DD, Ramanathan RK, Borad MJ, Laheru DA, Smith LS, Wood
TE, et al. Gemcitabine Plusnab-Paclitaxel is an active regimen in
patients with advanced pancreatic cancer: a phase I/Il trial. J Clin Oncol.
2011,29(34):4548-54. https://doi.org/10.1200/jco.2011.36.5742.

5. Conroy TDF, Ychou M, Bouché O, Guimbaud R, Bécouarn'Y, Adenis A,
Raoul JL, Gourgou-Bourgade S, de la Fouchardiere C, Bennouna J, Bachet
JB, Khemissa-Akouz F, Péré-Vergé D, Delbaldo C, Assenat E, Chauffert B,
Michel P Montoto-Grillot C, Ducreux M. FOLFIRINOX versus gemcitabine
for metastatic pancreatic cancer. N Engl J Med. 2011,364(19):1817-25.


http://www.researchdata.org.cn
https://doi.org/10.3322/caac.21387
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://doi.org/10.1200/jco.2011.36.5742

Wang et al. Cancer Commun

(2019) 39:26

Wolfgang CL, Herman JM, Laheru DA, Klein AP, Erdek MA, Fishman

EK, et al. Recent progress in pancreatic cancer. CA Cancer J Clin.
2013;63(5):318-48. https://doi.org/10.3322/caac.21190.

Garrido-Laguna I, Hidalgo M. Pancreatic cancer: from state-of-the-

art treatments to promising novel therapies. Nat Rev Clin Oncol.
2015;12(6):319-34. https://doi.org/10.1038/nrclinonc.2015.53.

Mahaseth HBE, Kauh J, Hawk N, Kim S, Chen Z, Kooby DA, Maithel SK,
Landry J, El-Rayes BF. Modified FOLFIRINOX regimen with improved
safety and maintained efficacy in pancreatic adenocarcinoma. Pancreas.
2013;42(8):1311-5.

Alessandretti MB BE, Abrahao CM, Lino AR, Junior RM, Costa MA, Costa
MA. Safety and efficacy of modified dose-attenuated FOLFIRINOX
chemotherapy in patients over 65 years with advanced pancreatic
adenocarcinoma. ASCO Meeting Abstr. 2013;31(Suppl.15):e15176.

James ES YX, Cong X, Stein S, Kaley K, Hahn C, Hahn C. Interim analysis of
a phase Il study of dose-modified FOLFIRINOX (mFOLFIRINOX) in locally
advanced (LAPC) and metastatic pancreatic cancer (MPC). ASCO Meeting
Abstr 2014;32(Suppl.3):256

. Yoshida KIT, Uemura S, Maruta A, Okuno M, Ando N, Iwata K, Kawaguchi J,

Mukai T, Shimizu M. A multicenter prospective phase Il study of first-line

Page 8 of 8

modified FOLFIRINOX for unresectable advanced pancreatic cancer.
Oncotarget. 2017;8(67):111346-55.

Marsh RDW, Talamonti MS, Katz MH, Herman JM. Pancreatic cancer and
FOLFIRINOX: a new era and new questions. Cancer Med. 2015;4(6):853-
63. https://doi.org/10.1002/cam4.433.

Conroy T HP, Hebbar M, Abdelghani MB, Wei AC, Wei AC. Unicancer Gl
PRODIGE 24/CCTG PA6 trial: a multicenter international randomized
phase lIl trial of adjuvant mFOLFIRINOX versus gemcitabine (gem) in
patients with resected pancreatic ductal adenocarcinomas. ASCO Meet-
ing Abstr. 2018;36(Suppl, LBA4001).

Stein SM, James ES, Deng Y, Cong X, Kortmansky JS, Li J, et al. Final analy-
sis of a phase Il study of modified FOLFIRINOX in locally advanced and
metastatic pancreatic cancer. Br J Cancer. 2016;114(7):737-43. https://doi.
0rg/10.1038/bjc.2016.45.

Li X, MaT, Zhang Q, Chen Y-G, Guo C-X, Shen Y-N, et al. Modified-FOL-
FIRINOX in metastatic pancreatic cancer: a prospective study in Chinese
population. Cancer Lett. 2017,406:22-6. https://doi.org/10.1016/j.canle
t.2017.07.012.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3322/caac.21190
https://doi.org/10.1038/nrclinonc.2015.53
https://doi.org/10.1002/cam4.433
https://doi.org/10.1038/bjc.2016.45
https://doi.org/10.1038/bjc.2016.45
https://doi.org/10.1016/j.canlet.2017.07.012
https://doi.org/10.1016/j.canlet.2017.07.012

	The efficacy and safety of modified FOLFIRINOX as first-line chemotherapy for Chinese patients with metastatic pancreatic cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Patients and methods
	Patient population
	Treatment and assessment
	Study design
	Evaluation of response
	Study endpoints
	Follow-up
	Statistical analysis

	Results
	Patient characteristics
	Responses
	Survival
	Safety
	Second-line therapy

	Discussion
	Conclusions
	Authors’ contributions
	References




