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Background: Modifications of FOLFIRINOX are widely used despite the absence of prospective data validating efficacy in
metastatic disease (metastatic pancreatic cancer (MPC)) or locally advanced pancreatic cancer (LAPC). We conducted a
multicentre phase II study of modified FOLFIRINOX in advanced pancreatic cancer to assess the impact of dose attenuation in
MPC and efficacy in LAPC.

Methods: Patients with untreated MPC or LAPC received modified FOLFIRINOX (irinotecan and bolus 5-fluorouracil reduced by
25%). Adverse events (AEs) were compared with full-dose FOLFIRINOX . Response rate (RR), median progression-free survival
(PFS) and median overall survival (OS) were determined.

Results: In total, 31 and 44 patients with LAPC and MPC were enrolled, respectively. In MPC, efficacy of modified FOLFIRINOX
was comparable with FOLFIRINOX with RR 35.1%, OS 10.2 months (95% CI 7.65–14.32) and PFS 6.1 months (95% CI 5.19–8.31).
In LAPC, efficacy was notable with RR 17.2%, resection rate 41.9%, PFS 17.8 months (95% CI 11.0–23.9) and OS 26.6 months (95% CI
16.7, NA). Neutropenia (Po0.0001), vomiting (Po0.001) and fatigue (P¼ 0.01) were significantly decreased. [18F]-Fluorodeox-
yglucose positron emission tomography imaging response did not correlate with PFS or OS.

Conclusions: In this first prospective study of modified FOLFIRINOX in MPC and LAPC, we observed decreased AEs compared
with historical control patients. In MPC, the efficacy appears comparable with FOLFIRINOX. In LAPC, PFS and OS were prolonged
and support the continued use of FOLFIRINOX in this setting.

Pancreatic ductal carcinoma is a highly lethal malignancy with a
five-year survival rate of just 6% in the United States (Rahib et al,
2014). The incidence of pancreatic cancer is increasing, and in the
absence of meaningful advances in prevention or treatment, it is
projected that pancreatic cancer will emerge as the second leading

cause of cancer-related deaths in the United States by 2030 (Rahib
et al, 2014). While surgical resection may be curative, the cure rate
is only 5%. Furthermore, up to 80% of patients have unresectable
disease at the time of diagnosis due to distant metastases or
vascular involvement (Malik et al, 2012). Between 1997 and 2010,
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the median survival of patients with metastatic and locally
advanced pancreatic cancer (LAPC) enrolled into multiple
prospective clinical trials was consistently less than 7 and 11
months, respectively. During this period, gemcitabine remained the
standard of care for advanced pancreatic cancer, as multiple
randomised phase III trials were unable to demonstrate improved
survival with gemcitabine-based combinations compared with
gemcitabine monotherapy. In LAPC, the addition of radiotherapy
to gemcitabine-based therapy did not convincingly improve
outcomes (Hong, 2012).

In 2010, FOLFIRINOX was introduced into clinical practice and
heralded as a significant advance in the treatment of metastatic
pancreatic cancer (MPC) based on the results of the PRODIGE
4/ACCORD 11 trial. In this randomised prospective phase III
study comparing FOLFIRINOX with gemcitabine in patients with
MPC with a good performance status, FOLFIRINOX was
associated with an unprecedented overall survival (OS) of 11.1
months compared with 6.8 months with gemcitabine, as well as
significant improvements in progression-free survival (PFS) and
response rate (RR) (Conroy et al, 2011; Gourgou-Bourgade et al,
2013). Moreover, the FOLFIRINOX regimen was associated with
an improvement in quality-of-life measures compared with single-
agent gemcitabine (Gourgou-Bourgade et al, 2013). However, the
significant toxicities of FOLFIRINOX reported in the PRODIGE 4/
ACCORD 11 trial, including neutropenia, fatigue, diarrhoea and
vomiting, have tempered enthusiasm for the widespread use of
FOLFIRINOX in full doses in community and academic practices.
Despite the absence of prospective data regarding efficacy and
tolerability, use of ad hoc modifications of FOLFIRINOX has been
reported retrospectively by several institutions (Marsh et al, 2015),
and ongoing trials with FOLFIRINOX in combination with novel
agents often incorporate modifications that have not been piloted
or studied.

Given its efficacy in MPC, FOLFIRINOX is now widely used for
LAPC. Published experience with this regimen in the locally
advanced setting, however, has been confined to retrospective
reviews (Hosein et al, 2012; Faris et al, 2013; Khushman et al,
2015). Although the retrospective data are promising, prospective
studies with FOLFIRINOX in LAPC have not yet been reported.

To assess the tolerability of FOLFIRINOX in our practice at
Smilow Cancer Hospital, we retrospectively analysed all patients
with advanced pancreatic cancer treated with FOLFIRINOX at our
institution between June 2010 and July 2011(Gunturu et al, 2013).
Our analysis suggested that modest initial dose attenuations of
bolus 5-fluorouracil (5FU) and/or irinotecan were associated with
excellent tolerability, while efficacy appeared to be comparable
with previously reported data (Conroy et al, 2011). Based on our
institution’s experience, we conducted a prospective phase II open
label study to evaluate the efficacy and tolerability of FOLFIRINOX
using upfront dose reductions of the 5FU bolus (25%) and
irinotecan (25%) in patients with advanced pancreatic cancer.
Herein, we report the final analysis of the efficacy and toxicity of
modified FOLFIRINOX in both LAPC and MPC.

MATERIALS AND METHODS

Design. We conducted a phase II open label single arm multi-
institutional study at Yale’s Smilow Cancer Hospital (New Haven,
CT, USA), the Smilow Cancer Hospital Care Centers (our regional
community-based clinics), the VA Connecticut Healthcare System
West Haven Campus (West Haven, CT, USA) and Bridgeport
Hospital (Bridgeport, CT, USA) from November 2011 through
January 2014. The primary objective of this study was to determine
the PFS in patients with MPC and LAPC treated with a dose-
attenuated modification of FOLFIRINOX. Secondary objectives

were to determine objective response rate according to RECIST,
OS, and toxicities and to correlate early changes in glucose
metabolism using [18F]-fluorodeoxyglucose positron emission
tomography (FDG-PET) scanning with PFS and OS. The study
is registered on the clinical trial web site of the National Cancer
Institute (ClinicalTrials.gov identifier: NCT01523457).

Patient selection. Patients with pathologically confirmed, mea-
surable or non-measurable assessable MPC or LAPC (including
unresectable and borderline resectable) were eligible for inclusion
in this study. Patients were determined to have locally advanced
unresectable or borderline resectable disease by the investigators
(RRs, CHC) using the imaging criteria established by the National
Comprehensive Cancer Network (NCCN) (Callery et al, 2009;
Tempero et al, 2010). No prior therapy of any type for advanced
disease was allowed. Prior adjuvant chemotherapy or radiotherapy
for resected pancreatic adenocarcinoma was allowed if more than 6
months had elapsed since completion of prior therapy and
registration. Additional inclusion criteria were as follows: age 18
or older, ECOG performance status of 0 or 1, no prior oxaliplatin
or irinotecan therapy, and adequate haematological, renal and liver
function (absolute neutrophil count X1500/ml, platelet count
X100 000/ml, haemoglobin X9 g dl� l, creatinine o1.5�ULN or
estimated GFR 430mlmin� 1, bilirubin o1.5�ULN, and AST
and ALT o3�ULN). Patients were excluded if they had grade
X2 peripheral sensory neuropathy, chronic diarrhoea, significant
cardiac disease, any serious coexisting medical conditions, or were
pregnant or breastfeeding.

All patients provided informed consent. The protocol was
approved by institutional review boards at all participating
institutions. The study was conducted in accordance with Good
Clinical Practice guidelines and the Declaration of Helsinki.

Treatment. Patients were treated with modified FOLFIRINOX
every 2 weeks as follows: oxaliplatin 85mgm� 2 infused over
120min, immediately followed by folinic acid 400mgm� 2 infused
over 120min with the addition, after 30min, of irinotecan
135mgm� 2 infused over 90min, followed by 5FU 300mgm� 2

IV bolus, followed by 2400mgm� 2 continuous infusion for 46 h
(25% reduction in bolus 5FU and irinotecan doses). All patients
received pegylated filgrastim with each cycle on day 3 or 4 in the
absence of severe leukocytosis. All patients routinely received
palonosetron, aprepitant and dexamethasone for emesis prophy-
laxis. Protocol-specified treatment modifications or delays for
treatment-related adverse events were mandated (Conroy et al,
2011). If treatment was held for any treatment-related toxicities for
X3 weeks, protocol therapy was discontinued.

Assessments. Patients were evaluated for toxicities at the start of
each cycle with history, physical examination, performance status,
complete blood count and metabolic panel. Toxicities were graded
according to the National Cancer Institute Common Toxicity
Criteria version 3.0. computed tomograph (CAT) scans were
obtained after every four cycles. Tumour response was determined
according to RECIST 1.1 by independent radiology review. [18F]-
Fluorodeoxyglucose positron emission tomography scans were
obtained at baseline and after two cycles. Metabolic response was
categorised into four groups based on % change in summed SUVs
at maximum five sites (including primary when possible):
significant response, X50% decrease; mild response, o50% to
X25% decrease; stable disease o25% decrease to X25% increase;
progression of disease, 425% increase.

Duration of treatment and follow-up. The duration of study
treatment was 12 cycles in the MPC cohort and eight cycles in the
LAPC cohort. Patients who completed the study treatment phase
without disease progression in both cohorts were allowed to enter a
post-study treatment phase and continue treatment per protocol
guidelines until progression at the discretion of the treating
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physician. Treatment during the study or post-study phase was
discontinued for unacceptable toxicity, progression of disease,
treating physician’s discretion, patient’s unwillingness to continue
protocol treatment for personal reasons, or pursuit of alternative
therapies in the LAPC cohort (surgical resection or radiotherapy).
Oxaliplatin was permanently discontinued for grade 3 sensory
neuropathy persisting between treatments, and treatment was
continued without oxaliplatin. Surgery was pursued in patients
deemed candidates for R0 resection during or after study treatment
as determined by the investigators (RRS, CHC). Patients were
followed for PFS and OS.

Statistics. Toxicities in both the LAPC and MPC cohorts were
compared with the historical control group of patients with
metastatic disease treated with standard FOLFIRINOX as reported
by Conroy et al (2011). For comparison of patient characteristics
and response rate with the historical control group, we included
only those patients with MPC. One sample median test (one
sample Wilcoxon signed-rank test) for continuous variables and
Fisher’s exact test for categorical variables were used to compare
patient characteristics. Fisher’s exact test was used to compare the
proportion of grade 3 and 4 adverse events. Progression-free
survival and OS in the MPC and LAPC cohorts were summarised
using Kaplan–Meier curves. Associations of metabolic response by
FDG-PET imaging to PFS and OS were analysed by log-rank test
and Fisher’s exact test. P-value of o0.05 was considered
statistically significant. Analyses were conducted using SAS 9.3
(Cary, NC, USA).

RESULTS

Patient characteristics and drug delivery. Between November
2011 and March 2014, 75 patients, including 44 with MPC and 31
with LAPC, were enrolled. The demographics and disease
characteristics of the 37 evaluable patients in the MPC cohort in
this study and the historical control group treated with standard
FOLFIRINOX are shown in Table 1. There were no significant
differences in age, sex, performance status, CA19-9 level,
pancreatic tumor location or presence of biliary stent in our
MPC cohort compared with the historical control group (Conroy
et al, 2011). Significantly more patients in our MPC cohort had
peritoneal metastases (37.8% vs 19.4%, P¼ 0.010), and there were
fewer patients with liver metastases (54.1% vs 87.6%, Po0.0001).
Median number of cycles in the MPC cohort was 9 (range 1–46).
Twenty-one patients in the MPC cohort did not complete 12 cycles
due to progression of disease (n¼ 16), treatment delay for
unresolved grade 41 diarrhoea (n¼ 1) or infection (n¼ 3) and
patient preference (n¼ 1). The median relative dose intensities of
bolus 5FU, infusional 5FU, bolus plus infusional 5FU combined,
irinotecan and oxaliplatin were 88.9%, 90.9%, 89.7%, 88.9% and
88.9%, respectively. The percentage of patients who received full
doses of bolus 5FU, infusional 5FU, irinotecan and oxaliplatin for
all cycles were 70.3%, 75.7%, 59.5% and 59.5%, respectively.

The demographics and disease characteristics for the LAPC
cohort are shown in Table 2. Median number of cycles in the
LAPC cohort was 8 (range 4–21). In 13 patients who underwent
surgical resection, the median number of preoperative FOLFIR-
INOX cycles was 8 (range 4–12) and the median number of
combined pre- and postoperative cycles was 10 (range 6–13).
Treatment was discontinued prior to completing eight cycles in 15
patients, including four who went on to surgery, five who had
treatment delays for unresolved infection (n¼ 2) or grade 41
toxicities (n¼ 3), four with stable disease who opted to receive
chemoradiation and two who declined further treatment. No
patients in the LAPC cohort discontinued study treatment due to
progression of disease. The median relative dose intensities of bolus

5FU, infusional 5FU, bolus plus infusional 5FU combined, irinotecan
and oxaliplatin were 88.9%, 90.4%, 88.9%, 88.9% and 88.9%, respectively,
in the LAPC cohort. The percentage of patients who received full doses
of bolus 5FU, infusional 5FU, irinotecan and oxaliplatin for all cycles
were 74.2%, 83.9%, 67.7% and 67.7%, respectively.

Efficacy in the MPC cohort. Seven of 44 patients with MPC were
excluded from efficacy analysis due to voluntary withdrawal from

Table 1. Patient and disease characteristics of the MPC
cohort

Characteristics
MPC cohort

(n¼37)
Historical
(n¼171) P-valuea

Age, median (range) 62 (50–77) 61 (25–76) 0.75b

Male, n (%) 21 (56.8) 106 (62) 0.58c

ECOG PS, n (%) 0.47c

0 17 (46.0) 64 (37.4)
1 20 (54.0) 106 (62.0)

Pancreatic tumour location, n/total no. (%)d

Head 17/31 (54.8) 67/165 (40.6) 0.58c

Body 14/31 (45.2) 98/165 (59.4)

Metastatic sites, n/total no. (%)

Liver 20/37 (54.1) 149/170 (87.6) o0.0001c

Peritoneal 14/37 (37.8) 33/170 (19.4) 0.010c

Lung 12/37 (32.4) 33/170 (19.4) 0.059c

Lymph node 15/37 (40.5) 49/170 (28.8) 0.145c

Level of CA19.9, n/total
no. (%)

0.85**

Normal 4/37 (10.8 ) 24/164 (14.6)
Elevated,o59�ULN 18/37 (48.7) 72/164 (43.9)
Elevated,X59�ULN 15/37 (40.5) 68/164 (41.5)

Biliary stent, n/total no.
(%)

0.23c

Yes 9/37 (24.3) 27 (15.8)
No 28/37 (75.7) 144 (84.2)

aComparison between evaluable patients in the MPC cohort and the historical control
group treated with standard FOLFIRINOX as reported by Conroy et al.
bP-value from one sample median test (signed-rank test).
cP-value is based on Fisher exact test for count.
dSix patients had prior pancreatic resection.

Table 2. Patient and disease characteristics of the LAPC
cohort

Characteristics LAPC cohort (n¼31)
Age, median (range) 63 (46–79)

Male, n (%) 20 (64.5)

ECOG PS, n (%)

0 15 (48)
1 16 (52)

Pancreatic tumour location, n (%)

Head 27 (87)
Body 4 (13)

Unresectable vs Borderline resectable, n (%)

Unresectable 20 (64.5)
Borderline 11 (35.5)

Level of CA19.9, n (%)

Normal 3 (9.6)
Elevated, o59�ULN 24 (77.4)
Elevated, X59�ULN 4 (12.9)

Biliary stent, n (%)

Yes 17 (54.8)
No 14 (45.2)
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the study for reasons unrelated to disease progression or toxicity
prior to completing four cycles to reach the first efficacy
assessment (one patient was not treated, and three and four
patients received one and two cycles, respectively). At the time of
this analysis, 29 patients had expired and eight patients were alive.
Three patients remained on treatment. The objective RR by
independent radiology review in evaluable patients was 35.1% and
was not significantly different from the response rate in evaluable
patients in the FOLFIRINOX-treated historical control group
(36.3%, P¼ 0.82) (Table 3). Similarly, the RR of 30.2% for all
treated patients (including invaluable patients) did not differ from
the RR in the intent-to-treat FOLFIRINOX-treated historical
control group (30.1%, P¼ 0.93). The disease control rate was not
significantly different from the historical control group (86.5% v
82.2%).

The PFS rates at 6, 12 and 18 months were 54%, 14% and 9%,
respectively (Table 4 and Figure 1). The median PFS was 6.1
months (95% CI 5.19–8.31) (Table 4 and Figure 1). The OS rates at
6, 12 and 18 months were 81%, 38% and 22%, respectively, in the
MPC cohort (Table 4). The median OS was 10.2 months (95% CI
7.65–14.32). Three patients (8%) have survived for more than 3
years (Table 4, Figure 1).

Efficacy in the LAPC cohort. Two of 31 patients with LAPC were
excluded from efficacy analysis because they did not complete four
cycles to reach the first efficacy assessment (one due to cholecystitis
with abscess and one due to cerebrovascular accident). Nineteen
patients remained alive and 12 patients had not had disease
progression at the time of the analysis. The response rate was
17.2% with 100% having disease control (Table 3). The PFS rates at
6, 12 and 18 months were 97%, 69% and 62%, respectively
(Table 4). The median PFS was 17.8 months (95% CI 11.0–23.9)
(Table 4 and Figure 1). The OS rates at 6, 12 and 18 months were
100%, 86% and 62%, respectively (Table 4). The median OS was
26.6 months (95% CI 16.7, NA) (Table 4 and Figure 1).

In patients with stable or responding disease, 11 received
chemoradiotherapy, 7 underwent surgery and 6 received chemor-
adiotherapy followed by surgery. Thirteen patients in the LAPC
cohort (41.9%) had surgical resection; seven patients initially had
borderline resectable and six had unresectable disease. All patients
who underwent surgery had R0 resections. The post-treatment

pathologic stages (and preoperative treatment) were as follows:
ypT0N0 stage 0, one patient (chemotherapy); ypT1N0 stage I, two
patients (chemotherapy, n¼ 1; chemotherapy followed by chemor-
adiotherapy, n¼ 1); ypT3N0, six patients (chemotherapy, n¼ 3;
chemotherapy followed by chemoradiotherapy, n¼ 3); and
ypT3N1 stage IIB, four patients (chemotherapy, n¼ 2; chemother-
apy followed by chemoradiotherapy, n¼ 2). At the time of the
analysis, 10 of 13 patients who underwent surgery were alive, and 6
had no evidence of recurrent disease.

Metabolic response by FDG-PET imaging. We performed an
exploratory analysis of the association between early metabolic
response by FDG-PET imaging and PFS and OS. In the metastatic
cohort, eight patients were excluded from this analysis due to
negative baseline FGD-PET scan or failure to obtain the follow-up
scan. Among the 29 patients who were evaluated with baseline and
follow-up FDG PET scans after two cycles, 24 patients (83%) had a
metabolic response, including 14 patients (48%) with significant
response and 10 patients (34%) with mild response. Two patients
had stable disease and three patients had progression of disease. In
the LAPC cohort, six patients were not evaluable. Of the 23
patients who were evaluable, 12 patients (52%) had a metabolic
response, including eight major responses (35%) and four (17%)
minor responses. Ten patients had stable disease and one patient
had progression of disease.

There was no statistical association between metabolic response
(combined significant and mild response) and either PFS or OS for
either cohort (for metastatic cohort: P-values of 0.55 and 0.27
based on Fisher’s exact test for count, 0.42 and 0.42 based on log-
rank test; for locally advanced cohort: P-values of 0.37 and 0.68
based on Fisher’s exact test for count, 0.44 and 0.43 based on log-
rank test). Similarly, there was no statistical association between
significant metabolic response and PFS or OS for either cohort (for
metastatic cohort: P-values of 0.60 and 0.65 based on Fisher’s exact
test for count, 0.88 and 0.69 based on log-rank test; for locally
advanced cohort: P-values of 0.18 and 0.22 by Fisher’s exact test for
count, 0.19 and 0.09 based on log-rank test).

Second-line chemotherapy. In the MPC cohort, three patients
remained on study treatment, 21 patients received second-line
chemotherapy with gemcitabine (n¼ 5) or gemcitabine-based
regimen (n¼ 16) and 13 patients did not receive second-line
therapy. In the LAPC cohort, 16 of 18 patients who had
progression of disease received second-line chemotherapy with
gemcitabine-based chemotherapy (n¼ 11) or re-introduction of
FOLFOX (n¼ 1), FOLFIRI (n¼ 1) or FOLFIRINOX (n¼ 1); two
patients did not receive second-line chemotherapy.

Adverse events. One of 75 patients did not receive treatment and
was excluded from toxicity analysis. Treatment-related grade 3 and
4 adverse events observed in our study and in the historical control
group treated with standard FOLFIRINOX are summarised in
Table 5. As we did not observe differences in the spectrum or
incidence of toxicities between the MPC and LAPC patients, we
combined these cohorts for a sample size of 74 patients. There were
no treatment-related deaths or non-haematologic grade 4 toxicities
attributed to modified FOLFIRINOX. Grade 3 and 4 treatment-
related adverse events were as follows: diarrhoea,16.2% (grade 3

Table 3. Response in LAPC and MPC cohorts

LAPC cohort
(n¼29)

MPC cohort
(n¼37)

Historical
(n¼146) P-valuea

Response, n (%)
CR 0 (0) 0 (0) 1 (0.7)
PR 5 (17.2) 13 (35.1) 53 (36.3)
SD 24 (82.7) 19 (51.5) 66 (45.2)
PD 0 (0) 5 (13.5) 26 (17.8)
CRþ PR 5 (17.2) 13 (35.1) 54 (37.0) 0.87b

CRþ PRþSD 29 (100) 32 (86.5) 120 (82.2) 0.67b

aComparison between evaluable patients in the MPC cohort and historical control group
treated with standard FOLFIRINOX as reported by Conroy et al.
bP-value is based on Fisher exact test for count.

Table 4. Progression-free and overall survival in MPC and LAPC cohorts

Overall survival Progression-free survival

Median OS 6 mo 12 mo 18 mo Median PFS 6 mo 12 mo 18 mo
Metastatic (37 pts) 10.2 mo 81% 38% 22% 6.1 mo 54% 14% 9%

LAPC (29 pts) 26.6 mo 100% 86% 62% 17.8 mo 97% 69% 62%

Abbreviations: mo, months; Pts, patients.

BRITISH JOURNAL OF CANCER Modified FOLFIRINOX in advanced pancreatic cancer

740 www.bjcancer.com |DOI:10.1038/bjc.2016.45

http://www.bjcancer.com


only); neutropenia and fatigue, 12.2%; thrombocytopenia, 9.5%;
anaemia, 5.4%; ALT elevated, thromboembolism and febrile
neutropenia, 4.1%; vomiting and peripheral neuropathy, 2.7%.

The incidence of grade 3 or 4 neutropenia (12.2% vs 45.7%,
Po0.0001), vomiting (2.7% vs 14.5%, P¼ 0.001) and fatigue
(12.2% vs 23.6%, P¼ 0.02) was significantly decreased in our study
compared with the historical control group treated with standard
FOLFIRINOX (Conroy et al, 2011). There was a nonsignificant
trend towards a lower incidence of peripheral sensory neuropathy
(2.7% vs 9.0%, P¼ 0.06).

DISCUSSION

FOLFIRINOX has been heralded as a major advance in the
treatment of advanced pancreatic cancer and is now widely used in
patients with both metastatic and LAPC. However, the toxicities
associated with standard FOLFIRINOX have prompted widespread
use of ad hoc modifications of this regimen in academic centres
and community practices. Although single institution retrospective
experiences suggest that modest dose attenuations improve
tolerability while maintaining efficacy, prospective data validating
comparable efficacy and diminished toxicity have not previously
been reported. Moreover, there are no prospective data regarding
the efficacy of FOLFIRINOX in patients with non-metastatic
locally advanced disease.

We report the results of our prospective multiinstitutional phase
II open label study to evaluate the efficacy and tolerability of
modified FOLFIRINOX using upfront dose reductions of the 5FU
bolus (25%) and irinotecan (25%) in patients with advanced
pancreatic cancer. The rationale for these specific dose reductions
was based on a retrospective review of all patients treated with
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Figure 1. The Kaplan–Meier curve for overall survival and progression-free survival in the metastatic cohort (A, B) and in the locally advanced
cohort (C, D).

Table 5. Grade 3/4 adverse events in MPC and LAPC cohorts
and historical control

Adverse event

MPC & LAPC
(N¼74)

no. of pts/total
no. (%)

Historical
(N¼171)

no. of pts/total
no. (%) P-valuea

Haematologic
Neutropenia 9/74 (12.2) 75/164 (45.7) o0.0001

Thrombocytopenia 7/74 (9.5) 15/165 (9.1) 0.83

Anaemia 4/74 (5.4) 13/166 (7.8) 0.66

Febrile neutropenia 3/74 (4.1) 9/166 (5.4) 0.79

Nonhaematologic
Diarrhoea 12/74 (16.2) 21/165 (12.7) 0.38

Fatigue 9/74 (12.2) 39/165 (23.6) 0.02

Alanine aminotransferase
(ALT) increased

3/74 (4.1) 12/165 (7.3) 0.37

Thromboembolic event 3/74 (4.1) 11/166 (6.6) 0.48

Peripheral sensory
neuropathy

2/74 (2.7) 15/166 (9.0) 0.06

Vomiting 2/74 (2.7) 24/166 (14.5) 0.001

P-value is based on Fisher’s exact test.
aComparison between MPC and LAPC cohorts and the historical control group treated with
standard FOLFIRINOX as reported by Conroy et al.
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FOLFIRINOX at our institution between June 2010 and July 2011
(Gunturu et al, 2013). In our retrospective analysis, the majority of
patients received attenuated doses of bolus 5FU and irinotecan
with the first and subsequent cycles, and the median relative dose
intensity of bolus FU and irinotecan was lower than those reported
in the FOLFIRINOX-treated group reported by Conroy et al
(2011). Our findings suggested that upfront dose attenuations of
bolus 5FU and irinotecan improved tolerability without compro-
mising efficacy and provided the rationale for the dose attenuations
utilised in this trial (Gunturu et al, 2013).

We have now shown in this prospective study that the efficacy
of modified FOLFIRINOX with upfront dose attenuations of bolus
5FU and irinotecan is comparable with standard FOLFIRINOX in
patients with MPC. In addition, we have demonstrated a notable
PFS, OS and resection rate in patients with LAPC. Moreover, the
patient characteristics of our MPC cohort were similar to the
patient characteristics treated with standard FOLFIRINOX. Of
note, the incidence of peritoneal carcinomatosis, which confers a
particularly poor prognosis in MPC (Takahara et al, 2015), was
significantly higher in our MPC patients compared with the
historical control group (37% vs 19.4%, P¼ 0.010).

Gemcitabine with nab-paclitaxel is emerging as an alternative to
FOLFIRINOX in the initial treatment of MPC based on its superior
efficacy compared with gemcitabine (Von Hoff et al, 2013;
Goldstein et al, 2015). The recent updated analysis of the phase
III MPACT trial reported an OS of 8.7 months with 4% of patients
surviving long term (more than 3 years) (Goldstein et al, 2015).
Thus, the OS of 10.2 months in our patient population treated with
modified FOLFIRINOX, with 8% of patients surviving more than 3
years, is at least comparable with gemcitabine with nab-paclitaxel.

In this first prospective study of FOLFIRINOX in LAPC, the
efficacy of this regimen is noteworthy. Both categories of locally
advanced disease, unresectable and borderline, were included in this
study, as the approach to their management in recent years has
converged with widespread use of upfront chemotherapy. Although
FOLFIRINOX is clearly superior to gemcitabine in MPC, there are
limited prospective data regarding efficacy and tolerability of
FOLFIRINOX in LAPC. In the initial phase II trial of FOLFIRINOX
in advanced pancreatic cancer only 11 patients had locally advance
disease with RR 7% and median OS 15.7 months (Conroy et al,
2005). The PFS and OS of 17.8 and 26.6 months, respectively, in our
study surpass previously published reports from randomised trials
with chemotherapy or chemoradiotherapy. For example, in the
GERGOR/GISCAD trial comparing gemcitabine with gemcitabine/
oxaliplatin, OS in the LAPC cohort was just 10.3 months in both
arms (Louvet et al, 2005). In the ECOG trial comparing conventional
gemcitabine, gemcitabine FDR and gemcitabine/oxaliplatin in
advanced pancreatic cancer, the PFS and OS were 5.4 and 9.2
months, respectively, in the LAPC cohort, with no difference between
any of the regimens (Poplin et al, 2009). In the LAP-07 study, which
examined the role of radiation following induction gemcitabine with
or without erlotinib in LAPC, OS was 11.9 and 13.6 months,
respectively (Hammel et al, 2013). Remarkably, the PFS and OS in
LAPC in our study trial exceeded that reported for patients with
resectable pancreatic cancer undergoing adjuvant gemcitabine (OS
22.8 months) (Oettle et al, 2013) or 5FU (23.6 months)
(Neoptolemos et al, 2010). Although our study was not designed
to compare the outcomes of patients with borderline resectable vs
locally advanced unresectable disease, we observed longer survival in
the borderline cohort (82% vs 50% at 18 months).

Thirteen patients with LAPC (41.9%) on our study went on to
subsequent R0 resection; six of these patients had radiation after
modified FOLFIRINOX and before surgery. The outcome of patients
who underwent surgery was noteworthy. Median OS has not been
reached (median follow-up 24 months). Ten patients were alive at the
time of the analysis, and 82% were alive at 18 months. Given the
small number of patients who received FOLFIRINOX only vs

FOLFIRINOX and radiotherapy prior to surgery, we are unable to
draw any conclusions about the impact of preoperative radiation
after modified FOLFIRINOX. In the LAP-07 study, radiation after
induction gemcitabine was not superior to continuing gemcitabine in
the patients with LAPC who had not progressed on gemcitabine (OS
15.3 and 16.5 months, respectively) (Hammel et al, 2013). Studies
examining the role of radiation in LAPC patients who have received a
FOLFIRINOX regimen have not yet been published, and the benefit
of radiation in this setting remains unknown.

Modified FOLFIRINOX was well tolerated in both cohorts. We
observed no treatment-related deaths or non-haematologic grade 4
toxicities. Compared with standard FOLFIRINOX, we observed a
significantly lower incidence of grade 3 and 4 neutropenia,
vomiting and fatigue with modified FOLFIRINOX. Although we
observed no incidents of grade 4 diarrhoea, we did not observe a
lower overall incidence of grade 3 and 4 diarrhoea compared with
standard FOLFIRINOX as reported by Conroy et al (2011). The
improved tolerability of modified FOLFIRINOX may be related to
the dose modifications, routine use of growth factor support and
the routine inclusion of aprepitant in the antiemetic regimen.

In this study, we explored the utility of early metabolic response
by FGD-PET imaging in predicting outcome as early metabolic
response has been shown to correlate with survival in other solid
tumours (Ott et al, 2006; Day et al, 2011). The response rate by
FDG-PET imaging was high in the MPC cohort (83%), and there
was no correlation between metabolic response (either X50% or
X25% decrease in SUV) and PFS or OS in this cohort. Similarly,
although the response rate by FGD-PET imaging was lower in the
LAPC cohort (52%), we were unable to demonstrate a correlation
between metabolic response and either PFS or OS in patients with
locally advanced disease. Given the small sample size of our study,
further studies of the utility of serial metabolic imaging in
pancreatic cancer may be warranted. However, our results suggest
that the use of FGD-PET imaging for response assessment in
pancreatic cancer is not justified in routine clinical practice.

We acknowledge that observations from single-arm phase II
results should be considered with caution, given the limitations of
sample size, possible enrollment bias and patient selection. In
addition, the composition of the LAPC cohort was heterogeneous
with inclusion of patients with borderline resectable disease. Also,
some patients subsequently received radiation, and this study was
not designed to assess the impact of radiation in this patient
population. Our findings are reassuring, albeit not definitive, that
the modifications of FOLFIRINOX used in this study do not
appear to impact efficacy in MPC and are associated with a
favourable outcome in LAPC.

CONCLUSIONS

In this first prospective study to evaluate the tolerability and
efficacy of a dose-attenuated FOLFIRINOX in MPC and LAPC, the
RR in MPC is not significantly different from the RR reported by
Conroy et al using standard FOLFIRINOX. Progression-free
survival and OS were also comparable. When given with pegylated
filgrastim and aprepitant, modified FOLFIRINOX is associated
with significantly less neutropenia, vomiting and fatigue compared
with standard FOLFIRINOX. The results of our study suggest that
the modifications of FOLFIRINOX used in this prospective trial do
not negatively impact efficacy in patients with MPC while
improving tolerability. Thus, incorporation of these modifications,
with routine use of pegylated filgrastim, can be considered an
option for patients similar to those treated at our institution, when
balancing toxicity and efficacy.

In this first prospective trial of a FOLFIRINOX regimen in
LAPC, the efficacy of this regimen is noteworthy and supports the
continued use of this regimen in locally advanced disease.
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