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Purpose: Metastatic pancreatic adenocarcinoma has a very poor prognosis. Although
irinotecan, oxaliplatin and leucovorin-modulated fluorouracil (FOLFIRINOX) significantly
increases survival in advanced pancreatic cancer, compared to employing only gemcitabine
(GEM), toxicities have tempered enthusiasm for its use.

Methods: This study retrospectively analyses the real-world clinical practice with full and
attenuated doses of FOLFIRINOX in unselected patients with locally advanced unresectable
or metastatic pancreatic cancer, treated at an Italian general hospital. Efficacy, tolerability,
and toxicity were evaluated, and overall survival (OS) and progression-free survival (PFS)
were estimated by Kaplan—Meier method.

Results: Fifty consecutive patients with advanced (13) or metastatic (37) pancreatic adeno-
carcinomas were treated with FOLFIRINOX at the Medical Oncology Unit, Piacenza
General Hospital, North Italy. The first enrolled consecutive 18 patients (36%) of this series
started the treatment with a full dose of the regimen, while the subsequent 32 (64%)
consecutive patients received dose attenuation (—20% bolus fluorouracil and —25% irinote-
can). In the entire group, the response rate, median OS, and median PFS were 30%,
10.1 months, and 5.6 months, respectively, with no differences in objective response in the
32 patients that received an attenuated dose compared with the 18 patients receiving a full
dose of chemotherapy. However, neutropenia, anemia, fatigue, and vomiting were statisti-
cally increased in the 18 patients receiving a full dose compared with the 32 patients
receiving an attenuated dose of FOLFIRINOX (p<0.05).

Conclusion: This study demonstrates the efficacy and tolerability of modified FOLFIRINOX
in advanced and metastatic pancreatic cancer.

Keywords: metastatic pancreatic cancer, locally advanced pancreatic cancer, FOLFIRINOX,
chemotherapy

Introduction

Pancreatic cancer is a major cause of cancer-related mortality in western countries
and it is projected to emerge as the second leading cause of cancer-related deaths in
the United States by 2030." Its prognosis is extremely poor, with a 5-year survival
rate for all patients with pancreatic adenocarcinoma of approximately 6-8%.%~> The
vast majority of patients (80-90%) present with incurable metastatic or locally
advanced unresectable disease.! Gemcitabine (GEM) became the standard of care
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after a randomized trial that demonstrated an improvement
in median overall survival (OS) compared with bolus of
fluorouracil.® The trial also evaluated the impact of GEM
on “clinical benefit response” with an increase in clinical
benefit responses in favor of GEM. Although well toler-
ated, the efficacy of single-agent GEM is marginal with
a median OS of 5.65 months and a 1-year OS rate of 18%
in patients with advanced pancreatic carcinoma.® GEM has
been evaluated in combination with a variety of cytotoxic
and targeted agents, but no meaningful gains were
observed in 0S.””'* Over the past few years, additional
treatments have become available for patients with pan-
creatic cancer. In 2011, Conroy et al demonstrated that
irinotecan, oxaliplatin, and leucovorin-modulated fluorour-
acil (FOLFIRINOX) was associated with a significant
improvement in response rate (RR), progression-free sur-
vival (PFS), and clinically meaningful improvement in OS
from 6.8 to 11.1 months when compared with GEM alone
in metastatic pancreatic cancer.'> However, although
patients’ quality of life improved compared with treatment
with GEM alone, FOLFIRINOX was also associated with
significant toxicities, such as neutropenia, diarrhea, and
peripheral neuropathy. Some prospective and retrospective
studies have confirmed the data of this trial in terms of OS,
PFS, and safety, but the
FOLFIRINOX  have tempered enthusiasm  for
a widespread use of FOLFIRINOX in community and
academic practices.'®"® It must be emphasized that nano-

significant toxicities of

particle albumin-bound paclitaxel (nab-P) in combination
with GEM has been approved for the treatment of
advanced pancreatic cancer; this schedule is an equally
valid front-line option for patients with metastatic pancrea-
tic cancer and consists in the combination of GEM and
nab-P?° Some retrospective studies recently reported the
comparison of treatment patterns, resource utilization, and
cost of care in patients with metastatic pancreatic cancer
treated with FOLFIRINOX or GEM plus nab-P>'*** These
studies compared, however, full-dose FOLFIRINOX and
not reduced dose, and they concluded that patients treated
with nab-P plus GEM vs FOLFIRINOX had similar treat-
ment duration, but lower costs of outpatient prescriptions
of treatment administration and of supportive care. Lower
supportive care costs in the nab-P plus GEM cohort were
mainly driven by lower utilization of pegfilgrastim and
anti-emetics. Toxicity-related costs and drug acquisition
costs should be considered when evaluating total cost of
care. In addition, nanoliposomal irinotecan was approved
by the FDA in combination with 5-fluorouracil (5-FU) and

folinic acid for the treatment of patients with pancreatic
cancer after disease progression following GEM-based
therapy.> The current standard of care for metastatic pan-
creatic cancer patients with a good performance status is
either FOLFIRINOX or GEM plus nab-P.'>**?* However,
more recently, some prospective and retrospective studies
evaluated the efficacy and the safety profile of modified
FOLFIRINOX in
adenocarcinoma.”*>? To evaluate the real-world clinical

advanced/metastatic =~ pancreatic
practice with FOLFIRINOX, we conducted a retrospective
study of 50 patients with advanced/metastatic pancreatic
cancer; in 32 of these patients (64%) the treatment was
planned with an attenuated dose, while in 18 cases (36%)
the treatment was planned with full dose. This study was
done at the Medical Oncology Unit, Piacenza General
Hospital (North Italy). The efficacy and the toxicities of
these schedules were assessed and reported.

Material and methods

We retrospectively analyzed the medical records of all patients
with locally advanced or metastatic pancreatic cancer treated
with FOLFIRINOX as first-line chemotherapy between
July 2013 and July 2017 at the Medical Oncology
Piacenza General Hospital (North Italy).
Patients were considered eligible if they have received at
one cycle of FOLFIRINOX. This
aretrospective cohort, single-institution analysis. Its objectives
were to evaluate the efficacy and safety of FOLFIRINOX in
unselected patients with advanced/metastatic pancreatic cancer

Department,

least study was

in a general hospital. The study was approved by the
Institutional Review Board of Piacenza hospital and conducted
according to the Helsinki Declaration. Written informed con-
sent was obtained from each patient that underwent both full
and attenuated doses of FOLFIRINOX. In addition, all the
patients of this study signed written informed consent allowing
research use of their clinical data. Patient characteristics, toxi-
cities, RR, PFS, and OS were evaluated. The patients were not
randomized. Standard practice for the first 18 patients was to
start treatment using full-dose FOLFIRINOX, consisting of
85 mg of oxaliplatin per square meter given as a
2 hrs intravenous infusion, immediately followed by leucov-
orin at dose of 400 mg per square meter, delivered as a 2-hr
intravenous infusion, with the addition, after 30 mins, of irino-
tecan at a dose of 180 mg per square meter, given as a 90-min
intravenous infusion. This treatment was immediately fol-
lowed by fluorouracil at a dose of 400 mg per square meter
administered by intravenous bolus, followed by a continuous
intravenous infusion of 2,400 mg per square meter over a 46-hr
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period every 2 weeks. The premedication regimen consisted of
intravenous ondansetron and dexamethasone and prophylactic
treatment with atropine was given to prevent cholinergic syn-
drome. Granulocyte-Colony Stimulating Factor (G-CSF) was
used as a secondary prophylaxis, when required. Cycles were
planned for 6 months (12 cycles), and were stopped before the
12 planned cycles, for tumor progression or occurrence of
After the first
18 consecutive patients started with full dose of this regimen,

unacceptable toxicity.
a dose reduction was made with this percentage: bolus-
fluorouracil reduced by 20% and irinotecan reduced by 25%.
The regimen was changed on the basis of previous report
suggesting that modest dose attenuation was associated with
good tolerability and with efficacy comparable with results
reported by Conroy T et al.'>**

All the patients were evaluated for toxicities with history,
clinical examination, performance status, complete blood
count, and metabolic panel with liver and kidney tests.
Response assessment with imaging ultrasound and compu-
terized tomography (CT) was obtained every 4-6 cycles of
treatment using the Response Evaluation Criteria in Solid
Tumors guidelines (RECIST, version 1.1).>* Patients who
received chemotherapy for locally advanced/non resectable,
but non-metastatic cancer underwent CT scan for response
assessment. They were evaluated by a multidisciplinary team
with surgeons and radiologists to establish the possibility of
the surgical resection. All patients receiving the two sche-
dules of FOLFIRINOX were eligible for toxicity analysis;
patients were followed for PFS and OS.

OS was calculated from the start of the treatment to the
date of death. PFS was calculated from the start of
FOLFIRINOX to the date of radiographic progression
(local or metastatic), or death. PFS and OS estimates were
obtained using Kaplan—Meier method. Both OS and PFS
were calculated for entire group and for the subgroups: 1)
locally advanced; 2) metastatic pancreatic cancer; 3)
patients that received full dose; and 4) patients that received
attenuated dose of chemotherapy.

Results

Between July 2013 and July 2017, 50 patients with
advanced/metastatic pancreatic adenocarcinoma were trea-
ted with FOLFIRINOX at the Medical Oncology Unit,
Piacenza General Hospital (North Italy). There were 13
patients with locally advanced unresectable disease and 37
with metastatic disease. All the patients were pathologi-
cally diagnosed with percutaneous (37 patients) or endo-
scopic (13 patients) ultrasound-guided biopsy. The median

age was 65 years (range, 40-76), 24 patients were female
(48%) and 26 (52%) men. The patient and disease char-
acteristics are shown in Table 1. Eighteen patients received
a full-dose FOLFIRINOX and 32 an attenuated dose;
performance status was 0—1 in 42 cases (84%) and 2 in
the remaining 8 patients (16%). Pancreatic tumor location
was in the head in 27 patients (54%), in the body in 17
cases (34%), and in the tail in 6 cases (11.1%). The disease
status (metastatic/locally advanced, Eastern Cooperative
Oncology Group performance status, tumor location, site
of metastases, age, and sex) did not differ between the two
groups (Tablel). The entire group of the 50 patients
received a median of 8 cycles of FOLFIRINOX (range
1-12). The mean number of cycles performed was 9
(range 3-12) in the group of modified and 7 (range
1-12) in the group of standard FOLFIRINOX. Nine
patients, 4 with modified and 5 with standard therapy
received <4 cycles. One of the 18 patients receiving
a full dose suspended the FOLFIRINOX chemotherapy
after the first cycle because of a prolonged pancytopenia
with febrile neutropenia. RR in locally advanced and
metastatic disease are shown in Table 2. In the whole
cohort, no patient showed a complete response and 15
patients (30%) had a partial response with an overall RR
of 30%, while a further 8 patients (16%) showed stable
disease. No differences in RR were registered between the
two groups of patients receiving attenuated dose or full
dose of chemotherapy (Table 2). The OS and PFS are
shown in Table 3 and Figure 1A and B. For the entire
cohort of patients, the median OS was 10.07 months and
the median PFS was 5.63 months; in patients with locally
advanced disease, the median OS was 11.47 months while
median PFS was 6.27 months. There were no significant
differences in OS (10.52 vs 10.07 months) and PFS (5.7 vs
6.13 months) in the 32 patients who received attenuated
dose chemotherapy compared with the 18 patients that
received a full dose.

Treatment-related toxicities are summarized in Table 4.
Any-grade neutropenia was recorded in 28 patients (56%); in
16 (32%) it was grade 3/4, with febrile neutropenia in 3 patients
(6%). Grade 3/4 thrombocytopenia was registered in 3 patients
(6%). Grade 3/4 anemia was registered in 6 patients (12%).
Non-hematologic toxicities were: fatigue in 30 patients (60%)
and with grade 3/4 in 11 patients (22%); diarrhoea grade 1/2 in
13 (26%) and 3 cases with grade 3/4 (6%), vomiting in 32 cases
(64%), with grade 3/4 in 4 patients (8%), and peripheral
sensory neuropathy in 10 patients (20%), with grade 3/4 in
4 patients (8%). There were no deaths related to chemotherapy
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Table | Characteristics of the 50 patients with locally advanced/metastatic pancreatic cancer, |8 patients receiving a full dose
compared with the 32 patients receiving an attenuated dose

Characteristics Patients n (%) Full-dose patients (%) Attenuated dose patients (%) | p-value®
n=50 (100) n=18 (36) n=32 (64)
Age, median (range) 65 (40-76) 65 (40-76) 65 (41-75)
Sex 24 (48) 8 (44.4) 16 (50) 0.77
Male 26 (52) 10 (55.6) 16 (50)
Female
Stage 37 (74) 14 (77.8) 23 (71.9) 0.75
Metastatic cancer 13 (26) 4 (22.2) 9 (28.1)
Advanced unresectable cancer
ECOG performance status
0 25 (50) 8 (44.4) 17 (53.1) 0.77
| 17 (34) 7 (38.9) 10 (31.3) 0.76
2 8 (16) (16.7) 5 (15.6) |
Tumor location
Head 27 (54) 9 (50) 18 (56.3) 0.77
Body 17 (34) (38.9) 10 (31.2) 0.76
Tail 6 (12) 2 (re.n 4 (12.5) |
Sites of metastasis
Liver 28 (56) 12 (66.7) 16 (50)
Limphnode 18 (36) 8 (44.4) 10 (31.6)
Lung 17 (34) 7 (38.9) 10 31.6)
Peritoneum 20 (40) 8 (44.4) 12 (37.5)
Biliary stent 16 (32) 6 (33.3) 10 (31.6)

Note: *p-value calculated using Fisher’s exact test.

Table 2 Objective response in the 50 patients with locally advanced/metastatic pancreatic cancer, |8 patients receiving a full dose
compared with the 32 patients receiving an attenuated dose

Objective response Patients n (%)(total=50) p-value®
CR (All patients=50) 0 (0) |
Patients receiving an attenuated doses (n=32) 0 (0)
Patients receiving a full doses (n=18) 0 (0)
PR (All patients=50) 15 (30) 0.52
Patients receiving an attenuated doses (n=32) Il (344)
Patients receiving a full doses (n=18) 4 (22.2)
SD (All patients=50) 8 (le) 0.69
Patients receiving an attenuated doses (n=32) 6 (18.8)
Patients receiving a full doses (n=18) 2 (1L.1)
PD (All patients=50) 20 (40) |
Patients receiving an attenuated doses (n=32) 13 (40.6)
Patients receiving a full doses (n=18) 7 (38.9)

Note: *p-value calculated using Fisher’s exact test.

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Table 3 OS and PFS in the 50 patients with locally advanced/metastatic pancreatic cancer, 18 patients receiving a full dose compared

with the 32 patients receiving an attenuated dose

Patients

Median OS (range)
(months)

Median PFS (range)
(months)

All patients (n=50)
Receiving an attenuated doses (n=32)
Receiving a full doses (n=18)

10.07 (0.53-28.2)
10.52 (0.53-28.2)
10.07 (1.0-24.3)

5.63 (0.4-21.93)
5.70 (0.4-21.93)
6.13(0.77-21.5)

Metastatic (n=37)
Receiving an attenuated doses (n=23)

10.07 (0.53-28.2)
10.52 (0.53-28.2)

5.63 (0.4-21.93)
5.70 (0.4-21.93)

Receiving a full doses (n=14) 10.90 (1.0-18.7) 6.13 (0.77-14.43)
Locally advanced (n=13) 11.47 (4.6-24.3) 6.27 (1.3-21.5)

Receiving an attenuated doses (n=9) 11.47 (4.6-15.6) 5.98 (1.3-12.87)

Receiving a full doses (n=4) 12.83 (15.9-24.3) 7.10 (7.3-21.5)

Abbreviations: OS, overall survival; PFS, progression-free survival.
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Table 4 Treatment-related toxicities in the 50 patients with locally advanced/metastatic pancreatic cancer;, |18 patients receiving a full

dose compared with the 32 patients receiving an attenuated dose

Toxicity Any grade Grade % p-value®
n (%) n (%)

Neutropenia (All patients=50) 28 (56) 16 (32) 0.01
Receiving an attenuated dose (n=32) 15 (46.9) 6 (18.8)
Receiving a full dose (n=18) 13 (72.2) 10 (55.6)

Febrile neutropenia (all patients=50) 3 (6) 3 (6) |
Receiving an attenuated dose (n=32) 2 (6.3) 2 (6.3)
Receiving full dose (n=18) I (5.6) I (5.6)

Thrombocytopenia (all patients=50) 17 (34) 3 (6) 0.29
Receiving an attenuated dose (n=32) Il (344) I 3.1)
Receiving a full dose (n=18) 6 (39.3) 2 (11.1)

Anemia (all patients=50) 29 (58) 6 (12) 0.02
Receiving an attenuated dose (n=32) 13 (40.6) I 3.1)
Receiving a full dose (n=18) 16 (88.9) 5(27.8)

Fatigue (all patients=50) 30 (60) 11 (22) 0.01
Receiving an attenuated dose (n=32) 14 (43.8) 3(94)
Receiving a full dose (n=18) 16 (88.9) 8 (47.1)

Diarrhoea (all patients=50) 13 (26) 3(6) 0.29
Receiving an attenuated dose (n=32) 8 (25) I 3.1)
Receiving a full dose (n=18) 5(27.8) 2 (12.5)

Vomiting (all patients=50) 32 (64) 4 (8) 0.01
Receiving an attenuated dose (n=32) 15 (46.9) 0 (0)
Receiving a full dose (n=18) 17 (94.4) 4 (23.5)

Peripheral sensory neuropathy (all patients=50) 10 (20) 4 (8) 0.13
Receiving an attenuated dose (n=32) 5(15.6) I 3.1)
Receiving a full dose (n=18) 5(294) 3 (17.6)

Note: *p-value calculated using Fisher’s exact test.

toxicities. The incidence of grade 3 or 4 neutropenia (55.6%vs
18.8%, p=0.01), anemia (27.8% vs 3.1%, p=0.02), fatigue
(47.1%% vs 9.4, p=0.01), and vomiting (23.5% vs 0%,
p=0.01) was significantly increased in the 18 patients receiving
a full dose compared with the 32 patients treated with an
attenuated dose of FOLFIRINOX. Fifteen patients (33.3%)
had biliary stents in situ at the time of treatment with
FOLFIRINOX and three cases of cholangitis were registered.
G-CSF (Filgrastim) was given a secondary prophylaxis in the
16 patients (32%) who developed grade 3 or 4 neutropenia
after the first or subsequent cycles. The G-CSF was given in 9
of the 18 patients (50%) treated with a full dose of the regimen
and in 7 of the 32 patients treated with an attenuated dose
(21.9%). The difference was not statistically significant
(p=0.06). Only one (7.7%) of the 13 patients with locally

advanced pancreatic cancer underwent surgical exploration
with curative intent. However, peritoneal micrometastasis pre-
vented surgical treatment.

At the time of last follow-up, 24 patients (48%) had
received one or more further lines of palliative chemotherapy.
Of these 24 patients, 16 patients (66.7%) received GEM/nab-
P, 4 patients (16.7%) received capecitabine, and 4 patients
(16.7%) received GEM. After completing treatment with
FOLFIRINOX, 2 patients received consolidation radiotherapy
(54 Gy in 30 fractions) with concomitant capecitabine.

Discussion

The purpose of this study was to evaluate the efficacy and
safety of a FOLFIRINOX regimen in advanced/metastatic
pancreatic cancer in an Italian general hospital. Despite the
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majority of the patients treated at our institution receiving
an attenuated dose of FOLFIRINOX, our findings suggest
that the efficacy was not compromised by this reduction,
with a significant improvement in toxicity. In a recently
reported prospective Phase II study, irinotecan and bolus
fluorouracil were reduced by 25% and a decrease in
adverse events (AEs) without negative impact on efficacy
was registered.’! According to these results, some authors
reported a modified regimen of FOLFIRINOX, resulting in
lower hematological and non-hematological toxicity rates,
with comparable efficacy outcomes.>? It has been
demonstrated that in a modified FOLFIRINOX regimen,
to preserve optimal RR and disease control rate in
advanced/metastatic pancreatic cancer, the recommended
values of cumulative relative dose intensity (CRDI) are for
FOLFIRINOX >70% and 55%, respectively, and if
a CRDI is >80%,
recommended.”® The RR of 30% in our patients was not
significantly different from the RR of 31.8% in the histor-
ical FOLFIRINOX-treated patients reported by Conroy
et al, and was comparable with the data reported by

primary G-CSF prophylaxis is

other retrospective and prospective series.'>*? Survival
outcomes, with an OS of 10.1 months and a PFS of 5.6
months in patients with metastatic pancreatic cancer, were
also comparable with the data reported in the prospective
randomized trial.'®> Our results support the assumption that
these outcomes can be achieved outside of a clinical study,
also in a general hospital in the real-world practice. As
expected, the outcomes for patients with locally advanced
pancreatic cancer were better than those for patients with
metastatic disease, with a median OS of 11.47 months and
a median PFS of 6.3 months. Again, this was comparable
with previously published retrospective and prospective
series.”> 22

However, although FOLFIRINOX is associated with
a significant increase in RR and OS in metastatic pancreatic
cancer compared to GEM alone, we note that the toxicities of
FOLFIRINOX have tempered enthusiasm for a full-dose use
in community and academic centers.>' In the present study,
the majority of patients with advanced/metastatic pancreatic
cancer were treated with an attenuated dose of
FOLFIRINOX; this choice was based also on the results of
previous studies which demonstrated lower toxicity rate,
with comparable efficacy outcomes with full-dose
FOLFIRINOX.?>***32 Our experience suggests that modest
dose attenuations, in conjunction with the use of growth
factor support as a secondary prophylaxis, are associated
with less toxicity than observed in the FOLFIRINOX-

treated patients reported by Conroy et al.'> Although 22%
of our patients had biliary stents for obstruction, we observed
only three cases of cholangitis which recovered after anti-
biotic therapy. Chemotherapy remains the mainstay of treat-
ment for patients with metastatic pancreatic cancer. The
alternative sequence of the active drugs would be interesting
as recently reported in metastatic pancreatic cancer.*
FOLFIRINOX and Gem/nab-P are both approved for the
first-line treatment of this cancer; however, present different
median OS (11.1 vs 8.5 months), PFS (6.6 vs 3.3 months),
and objective RR (32% vs 33%) in favor of FOLFIRINOX,
they present moreover different toxicities and Gem/Nab-
P shows a better tolerance.'>* It must be emphasized that
the results of a Markov analytical decision model showed
FOLFIRINOX to be cost-effective, especially with the
reduced cost of using generic drugs, as performed in our
series of patients in which generic drugs were used.*

Conclusion

In conclusion, with the limitations of a retrospective study our
results demonstrate that attenuated dose of FOLFIRINOX is
feasible in outpatients with metastatic/advanced pancreatic
cancer in a general hospital, in the real-world clinical practice,
the dose reduction as performed in our patients did not com-
promise efficacy, but reduced the number of AE.

It must be emphasized, however, that a rising incidence
of pancreatic cancer is projected to become the second
leading cause of cancer-related deaths, so there is a great
need to develop more effective therapies, and the manage-
ment of this disease will require prioritizing clinical trial
enrolment whenever possible, rather than prioritizing stan-
dard of care treatment.?’
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