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Abstract

Background We evaluated the efficacy and safety of a modified FOLFIRINOX regimen for chemotherapy-naive patients
with metastatic pancreatic cancer.

Methods Patients with untreated metastatic pancreatic cancer (MPC) received modified FOLFIRINOX (intravenous oxali-
platin 85 mg/m?, irinotecan 150 mg/m?, 5-FU infusion 2400 mg/m? over 46 h, no bolus 5-FU). The primary endpoints were
overall survival and the incidence of grade 3 or higher neutropenia. No patients received prophylactic pegfilgrastim.
Results Sixty-nine pts. were enrolled from 39 institutions in Japan. The median overall survival was 11.2 months [95%
confidence interval (CI) 9.0-]. The median progression-free survival was 5.5 months (95% CI 4.1-6.7). The response rate
was 37.7% (95% CI 26.3-50.2), and the disease control rate was 78.3% (95% CI 66.7-87.3). The incidence of grade 3 or
higher neutropenia was 47.8%. Serious adverse events occurred in six patients (8.7%). All AE proportions were less than
those in the previous Japanese full-dose phase II study. One patient died due to interstitial pneumonia related to treatment.
Conclusion This is the first prospective study of modified FOLFIRINOX in Asia. Modified FOLFIRINOX in this study has
an improved safety profile with maintained efficacy in MPC without prophylactic pegfilgrastim.
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Introduction

Pancreatic cancer is a highly lethal cancer with a 2-3%
S-year survival rate and is the fourth leading cause of
cancer-related mortality in Japan. In the phase III study
(ACCORDI11 trial) conducted by Conroy et al., FOL-
FIRINOX (FFX: oxaliplatin, irinotecan, 5-FU and leucov-
orin) showed a significant improvement in overall survival,
progression-free survival and quality of life compared with
gemcitabine [1]. From the results of the ACCORDI11 trial,
FFX is currently acknowledged as one of the standard
therapies for chemotherapy-naive patients with metastatic
pancreatic cancer (MPC), with good performance status.
However, in the ACCORDI11 trial, the incidence rates of
neutropenia and febrile neutropenia in the FFX arm were
reported as 45.3 and 5.4%, respectively. This was signifi-
cantly higher than in the gemcitabine arm. Furthermore, it
was found to be more toxic when used in real clinical situ-
ations than previously indicated by the ACCORDI11 trial,
so regimens with a reduced dosage have been used at many
hospitals [2]. Many of the recent FFX-related clinical tri-
als were conducted using a modified regimen by omitting
the SFU bolus.

In Japan, a phase II trial of FFX was conducted for 36
patients with metastatic pancreatic cancer [3]. The efficacy
in the Japanese phase II study was similar to that reported
in the ACCORDI11 trial, and the incidences of grade 3
or 4 toxicities, especially neutropenia (77.8%) and febrile
neutropenia (22.2%), were higher. Although the standard
FFX has a greater effectiveness based on the data of the
Japanese/ACCORDI11 trial, it is considered that the man-
agement of adverse events could still be difficult. The trial
was planned because we considered it necessary upfront to
perform dose reductions for the SFU bolus and irinotecan
in patients with MPC to develop a safer FFX therapy while
maintaining its efficacy. We report the analysis of the effi-
cacy and toxicity of modified FFX in MPC.

Materials and methods
Patients

The inclusion criteria were as follows: histologically or
cytologically confirmed pancreatic adenocarcinoma or
adenosquamous carcinoma; an Eastern Cooperative Oncol-
ogy Group PS of 0 or 1; age 20-75 years; MPC with at least
one measurable lesion; and adequate haematological, liver,
and renal function (haemoglobin >9.0 g/dL, white blood
cell count < 10,000/mm>, neutrophil count > 2000/mm?>,
platelet count > 100,000/mm?, total bilirubin < upper limit
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of normal, aspartate transaminase and alanine transami-
nase < 2.5 upper limit of normal, creatinine <1.2 mg/
dL, and C-reactive protein <2.0 mg/dL). Patients were
excluded if they had the following: prior chemotherapy
or radiation therapy; grade 2 or higher peripheral sensory
neuropathy; blood transfusion, blood products, or haema-
topoietic growth factor preparations such as G-CSF within
7 days before enrolment; UGT genetic polymorphisms of
homozygous UGT1A1%*28 or UGT1A1%*6 or heterozygous
UGT1A1#6 and UGT1A1%*28; apparent coelomic fluid
(pleural effusion, ascites, or pericardial fluid) or perito-
neal cancer dissemination; diarrhoea including watery
stools within 3 days before enrolment; poorly controlled
diabetes; synchronous or metachronous double cancer,
excluding carcinoma in situ or intramucosal carcinoma
cured by local treatment; active infection; or other serious
concomitant diseases.

Study design

This study was an open-label, multicentre, single-arm phase
II study.

The primary endpoints were overall survival (OS) and
the incidence of grade 3 or higher neutropenia, and the
secondary endpoints were progression-free survival (PFS),
response rate and safety for all of the patients. This clinical
trial was conducted with the approval of the review board
of each participating institution and in accordance with the
Declaration of Helsinki. This trial is registered with UMIN-
CTR (http://www.umin.ac.jp/ctr/index-j.htm), identification
number (UMIN000013301).

Treatment

Patients were treated with modified FFX every 2 weeks, as
follows: 2-h i.v. infusion of oxaliplatin at 85 mg/m? and 2-h
i.v. infusion of I-leucovorin at 200 mg/m?. Irinotecan was
also i.v. infused over 90 min at 150 mg/m?, followed by con-
tinuous i.v. infusion of 5-FU over 46 h at 2400 mg/m?. Bolus
5-FU was omitted. All patients routinely received palonose-
tron, aprepitant and dexamethasone for emesis prophylaxis.
G-CSF was not allowed as primary prophylaxis. The treat-
ment was continued until disease progression, unacceptable
toxicity, discontinuation as decided by the investigators, or
patient refusal.

Chemotherapy was delayed until recovery from the fol-
lowing criteria: neutrophil count < 1500/mm?, platelet
count < 75,000/mm?>, total bilirubin> 1.5 mg/dL, grade 3
or higher peripheral sensory neuropathy, grade 2 or higher
diarrhoea, and watery stools.

When the predefined toxic events in the protocol
occurred, dose adjustment was required. The reduced dose
was set at 120 and 100 mg/m? for irinotecan, 65 and 50 mg/

Ipsen Ex. 2051, Page 2 of 7


http://www.umin.ac.jp/ctr/index-j.htm
http://www.umin.ac.jp/ctr/index-j.htm

Cancer Chemotherapy and Pharmacology

m? for oxaliplatin, and 1800 and 1200 mg/m? for infusional
5-FU.

Assessment

Patients were evaluated for toxicities at the start of each
cycle. Complete blood counts, blood chemical tests, and
physical examinations were carried out every 2 weeks. Com-
puted tomography was carried out at least every 6 weeks.
Tumour response was determined according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1.
OS was measured from the date of enrolment to the date of
death or the date of the last follow-up. PFS was defined as
the time from the date of enrolment to the first documenta-
tion of disease progression or death. Toxicities were graded
according to the Common Terminology Criteria for Adverse
Events (CTCAE), version 4.0.

Statistical analysis

The expected and threshold OS times for the modified FFX
regimen were set as 11 and 7 months, respectively, on the
basis of the OS associated with gemcitabine and FFX (6.8
and 11.1 months, respectively) in the ACCORDI11 trial.
Assuming an exponential distribution for OS, we calculated
60 participants required to provide the trial with 80% power
to detect a 36% improvement in median OS at a one-sided
significance level of 2.5%. Accordingly, the target sample
size was set at 65 subjects to account for the exclusion of
patients. The median survival time and corresponding 95%
ClIs for OS and PFS were estimated using the Kaplan—-Meier
method.

Results
Patient characteristics

Between February 2014 and December 2014, 69 patients
were enrolled (Fig. 1). The patient characteristics at base-
line are shown in Table 1. The median age was 62.6 years
(range 42-74), 68.1% of the patients had a PS 0, the primary
site of the tumour was the head of the pancreas in 44.9% of
patients, 20.3% of patients had a biliary stent, and 2.8% of
patients experienced recurrence after resection. The major
sites of metastasis were the liver and lymph nodes. All 69
patients received the study drugs and met the eligibility
criteria.

Treatment

The median number of treatment cycles was eight (range
1-25). The median relative dose intensities of oxaliplatin,

No. enrolled (N=69)

No. treated (N=69)

Discontinued (n=65
Progression or mFFX not effective  (n=44
Adverse event

Patient request (n=
Other (n=1)
Received 2nd line treatment (n=54)
Gemcitabine (n=28)
Gemcitabine plus nab-paclitaxel (n=22)
Other (n=4)
Analyzed (n=69)

Analyzed in best overall response (n=69)

Fig. 1 Patient disposition

irinotecan, infusional 5-FU, and l-leucovorin were 76.1,
91.4,95.4 and 99.1%, respectively. Dose reduction and treat-
ment delay occurred in 54 patients (79.7%). Neutropenia was
the most frequent cause of both dose reduction and treatment
delay. The major reasons for discontinuation of the treatment
were disease progression (67.7%) and adverse event (20%).
Of the 69 enrolled patients, 54 received second-line treat-
ment. The most common treatment comprised gemcitabine,
which was given to 28 patients. The other regimen was gem-
citabine 4+ nab-paclitaxel, which was given to 22 patients.
There was no significant difference between the gemcitabine
group and the gemcitabine + nab-paclitaxel group in PFS
from the secondary treatment.

Efficacy

The objective RR and disease control rate in all patients were
37.7% (95% CI 26.3-50.2) and 78.3% (95% CI 66.7-87.3),
respectively (Table 2). They were not significantly different
from the response rate in patients in the FFX-treated histori-
cal control group.

Partial response, stable disease, and progressive disease
were observed in 26, 28, and 10 patients, respectively. The
median time to partial response was 76 days (range 35-252
days), and the median duration of response was 167 days
(range 152-196 days).

Table 3 and Fig. 2 show the results for OS and PFS,
respectively. The median OS was 11.2 months (95% CI 9.0-),
and the 1-year survival rate was 48.1% (95% CI 36.1-60.1).

@ Springer
Ipsen Ex. 2051, Page 3 of 7



Cancer Chemotherapy and Pharmacology

Table 1 Baseline characteristics of treated patients

Table 2 Summary of best response by RECIST criteria

Characteristics N=69 Best response n=69
No. of patients % No. of patients %
Age (years) CR 0
Median 62.6 PR 26 37.7
Range 42.4-74.2 SD 28 40.6
Sex PD 10 14.5
Female 26 37.7 Not evaluable 5 7.2
Male 43 62.3 ORR (CR+PR) 26 37.7
ECOG PS Exact 95% CI 26.3-50.2
0 47 68.1 DCR (CR+PR+SD) 54 78.3
1 22 31.9 Exact 95% CI 66.7-87.3
Pancreatic tumor cell type ] .
Ad . 68 98.6 CI confidence interval, CR complete response, DCR disease control
enocarcinoma ) ’ rate, ORR overall response rate, PD progressive disease, PR partial
Squamous cell carcinoma 1 0.1 response, SD stable disease
Pancreatic tumor location
Head 31 449
Body 22 31.9 Table 3 Results of overall survival (OS) and progression-free sur-
Tail 16 232 Vival (PES)
Measurable metastatic sites N=69
Liver 49 71.0
oS
Lymph node 11 159
No of events 38
Lung 5 7.2 P b 7297
Other 3 43 ersc.m—mont S .
. Median OS (months) 11.2
Prior surgery 95% CI 9.0
Yes 4 5.8 | o 1 . 0‘4;1
No 65 042 year survival proportion .
.. 95% CI 0.361-0.601
Biliary stent Esti dh i 0.62
Yes 14 203 s1;”%695<7azcalrb 0.44-0.86
No 55 VT xact 9% i
CA19-9 No of 50
Median 11833 PO 0 evemsth 1508
Range 0.6-127,436 I\;r:?n'“;;r; * ) s
t .
1000 U/mg and less 33 47.8 965;&21 (months) i Lea
Over 1000 U/mg 36 522 ’ , S
1 year PFS proportion 0.210
95% CI 0.112-0.307
. b
The median PFS was 5.5 months (95% CI 4.1-6.7) and the Estimated hazard 1.57
Exact 95% CI° 1.20-2.03

1-year PFS rate was 21% (95% CI 11.2-30.7).
Adverse events

Grade 3 or 4 toxicities occurred in 49 patients (71%). The
major grade 3 and 4 toxicities are summarized in Table 4.
The major grade 3 or 4 haematological toxicities were neu-
tropenia (47.8%), leucopenia (29%), and anaemia (4.3%).
The incidence of febrile neutropenia was 8.7%. The inci-
dences of grade 3 or 4 neutropenia (47.8 vs 77.8%) and
febrile neutropenia (8.7 vs 22.2%) were significantly
decreased in our study compared with the historical Japanese
trial treated with standard FFX. Patients with severe neu-
tropenia and febrile neutropenia were treated with G-CSF

@ Springer

# Upper limit was not calculated

® per 12 person-months (1 person-year)

to control these toxicities, but only 18% of patients were
treated with G-CSF. The major grade 3 and 4 non-haema-
tological toxicities were as follows: anorexia (15.9%), diar-
rhoea (10.1%), fatigue (4.3%), nausea (8.7%), cholangitis
(8.7%), thromboembolism (4.1%), and peripheral neuropa-
thy (5.8%). Serious adverse events occurred in six patients
(two duodenal perforation, two venous thromboembolisms,
tumour haemorrhage and pneumonitis). There was one treat-
ment-related death due to pneumonitis.
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Fig.2 ais Kaplan—Meier analysis of overall survival and b is progression-free survival

Table4 Adverse events in chemotherapy-naive Japanese patients
with metastatic pancreatic cancer treated with modified FOL-
FIRINOX (n=69)

>Grade 3
n %
Hematological toxicities
Neutropenia 33 47.8
Leukopenia 20 29
Thrombocytopenia 2 29
Anemia 3 43
Non-hematological toxicities
Febrile neutropenia 6 8.7
Anorexia 11 15.9
Diarrhoea 7 10.1
Nausea 6 8.7
Cholangitis 6 8.7
Fatigue 4 5.8
Peripheral sensory neuropathy 4 5.8
Infusion reaction 1 1.4

Discussion

This phase II trial was conducted to evaluate the efficacy and
safety of reduced doses of FFX to mitigate adverse events.

In particular, in a Japanese phase II trial, febrile neu-
tropenia was observed with a high frequency. To evaluate
the efficacy and safety of modified FFX in this study, we
needed to align the background with that of the Japanese
phase II trial [3]. The demographics of the participants in
the two trials were generally similar.

The features of the regimen in this study included
the omission of the bolus 5FU and the reduced dose of

CPT-11 (to 150 mg). We omitted the bolus SFU because
of the results of the phase III trial to evaluate the effi-
cacy of FOLFOXIRI (a regimen of FFX without a SFU
bolus, which was developed in Italy) for advanced colo-
rectal cancer patients in comparison with FOLFIRI, which
were presented by the Hellenic Oncology Research Group
(HORG) in 2006 [4] and the Gruppo Oncologico Ovest
(GONO) in 2007 [5], respectively. In the HORG trial, the
median overall survival period in the FOLFOXIRI group
was 21.5 months, and efficacy was not proven statistically
when compared to the FOLFIRI group, whose survival
period was 19.5 months (p =0.337). However, the GONO
trial showed significantly longer survival periods; the
median overall survival period in the FOLFOXIRI group
was 22.6 months, whereas it was 16.7 months in the FOL-
FIRI group. The reason that the GONO trial showed posi-
tive results was due to the omission of the SFU bolus and
the administered dose of the key drugs CPT-11 and L-OHP
(L-OHP: 85 mg, CPT-11: 165 mg) (in the HORG regimen,
L-OHP: 65 mg and CPT-11: 150 mg). In FFX for pancre-
atic cancer patients, CPT-11 and L-OHP were considered
key drugs, and maintaining their dosages was very impor-
tant. Furthermore, the median relative dose intensity of the
SFU bolus in the Japanese phase II trial was 15.9%. Thus,
combined with the results of the phase III trial on colon
cancer patients described above, we determined that the
5FU bolus had less significance in FFX therapy.
Moreover, the reason for reducing the dosage of CPT-11
was as follows: A phase I trial on FOLFOXIRI (GONO regi-
men) in the treatment of colon cancer patients was conducted
in Japan [6]. For ten advanced colorectal cancer patients, the
plan was to use the dose titration method and to increase
the dosage level of L-OHP/CPT-11/5FU to 85/165/2400,
85/165/3200 and 85/185/3200 (mg/mz). However, dose-
limiting toxicity (DLT) emerged due to a haematologic
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toxicity of level 0, so the MTD was determined to be
85/165/2400 mg/m? and the RD was 85/150/2400 mg/m>.

Furthermore, in a Japanese phase II trial on pancre-
atic cancer patients, the dosage of CPT-11 was reduced to
150 mg in 66.7% of patients after the second course, and
only 10% of patients did not require reduction. We, there-
fore, believed that the reduction in CPT-11 in the modified
FFX therapy was reasonable. Based on the Japanese phase
I trial on colon cancer patients described above, we consid-
ered 150 mg to be appropriate for an initial dosage.

There is a risk that the efficacy could weaken due to the
reduction in the initial dosage. However, the overall survival,
which was the primary endpoint of this study, was almost
the same as those in the ACCORD11 trial and the Japanese
phase II trial. The other efficacy results were also similar to
those of the previous standard FFX studies.

There are concerns that tumour shrinkage might be
delayed by lowering the dosage at the start of therapy; how-
ever, tumour shrinkage was observed promptly after the start
of therapy. Thus, there was no observable impact of reducing
the dosage. We believe that the impact on the efficacy of the
regimen when reducing the dose is minimal.

Furthermore, in this trial, we set the following provision:
if a patient was determined to have sufficient tolerance in
this modified regimen, they could return to their original
regimen. In accordance with this provision, the dosage was
increased for three patients; however, they showed obvious
signs of haematologic toxicity with the increased dosage
cycle, so we returned them to the reduced dosage regimen.
This also indicates that the dosage used in this therapy has
validity.

On the other hand, with respect to adverse events, a reduc-
tion in haematologic toxicity was observed due to the modi-
fied regimen. In particular, febrile neutropenia, which was
frequently observed in the Japanese phase II trial, was sup-
pressed and occurred at only a significantly low frequency.
It should be noted that in this study, the rate of GCSF use
during the study was only 18% among all patients, which
was a low rate; however, the rate of occurrence of febrile
neutropenia was suppressed.

The other modified FFX treatment showed favourable
results in a previous report [7], but in that report, GCSF
was used in all the cases. In this study, only 18% patients
were treated with GCSF. Our modified FFX regimen is med-
ico-economically very viable because the additional cost of
GCSF is approximately $1000.

When compared to the Japanese phase II trial, the results
showed that satisfactory management of adverse events was
possible while ensuring efficacy, but when compared to
the ACCORD trial, the incidence of haematologic toxicity
seemed to be higher. However, there were big differences
between the ACCORDI11 trial and the Japanese phase II
trial in haematologic toxicity (the incidence of febrile
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neutropenia: ACCORD; 5.4% and Japanese trial; 22.2%). In
other carcinoma trials, it has been reported that the incidence
of haematologic toxicity (especially febrile neutropenia) in
non-Japanese trials is very different from that in the results
of the Japanese trial. Most cases showed a higher febrile
neutropenia incidence among Japanese patients breast can-
cer TC <DTX 75+ CPA 600 4 courses >: non-Japanese; 5%,
Japanese; 68.8% [8, 9]; prostate cancer cabazitaxel 25 mg:
non-Japanese; 8%, Japanese; 54.5% [10, 11], so there might
be ethnic disparities in febrile neutropenia. Patients with the
UGT1A1 mutation, which is deeply involved in the develop-
ment of blood toxicity, were excluded both in the Japanese
phase II trial and this trial. In these cases, the frequency of
occurrence of blood toxicity was higher than in non-Jap-
anese data. We assume that inter-ethnic differences might
contribute to this difference, as non-Japanese subjects were
included in other carcinoma cases, so adverse events should
be compared between the Japanese data.

The limitations of this trial were that it was a single-arm
phase II trial and we only had data on Japanese people. How-
ever, the efficacy of this modified regimen was similar to
other global studies, and we found that the adverse events
were well controlled compared to other Japanese groups,
which have the same demographic balance of adverse events.
Therefore, we believe this modified regimen to be one of the
more effective FFX regimens.

One of the standard therapies for metastatic pancreatic
cancer is gemcitabine 4+ nab-paclitaxel (GnP). Compared
to the original FFX, GnP is likely to be used because its
adverse events are slightly mitigated [12]. However, if our
modified FFX regimen is used, the same level of treatment
can be expected with the same level of adverse events, so
comparative trials between these two therapies are awaited
in the future.

In conclusion, this is the first prospective study of modi-
fied FOLFIRINOX in Asia. The modified FOLFIRINOX
regimen in this study has an improved safety profile
with maintained efficacy in MPC without prophylactic
pegfilgrastim.
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