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Abstract
Introduction: Worldwide, pancreatic cancer (PC) ranks 
13th in cancer incidence, but 8th as a cause of cancer 
death. For more than a decade, the reference regimen for 
palliative treatment of PC has been gemcitabine. In 2011,  
a randomised trial published by the PRODRIGE Intergroup 
showed an increase in median overall survival from 6.8 to 
11.1 months in patients treated with FOLFIRINOX as com-
pared with gemcitabine. 
Material and methods: A total of 16 patients treated 
with FOLFIRINOX as first-line therapy for inoperable PC 
were included for this retrospective study. FOLFIRINOX was 
administered unmodified according to the PRODRIGE trial, 
and up to 12 cycles were planned with a computed tomog-
raphy (CT) for every fourth cycle. 
Results: Eleven patients completing at least four cycles of 
chemotherapy and therefore evaluable for response were 
assessed by review of CT. Partial response (PR) was shown 
after four cycles in four patients, whereas seven patients 
had stable disease, which resulted in an objective response 
rate of 36%. After eight cycles, one additional patient ob-
tained a PR. No complete responders or patients with pro-
gressive disease were recorded. Toxicity was assessed by 
review of medical records with respect to toxic effects re-
quiring interruption of therapy, admission of the patient or 
prolonged admission. 
Conclusion: Toxicity was shown to be a problem only dur-
ing the first five cycles, and no patients were admitted to 
hospital due to toxicity after having received more than five 
cycles. The six-month-survival was 81%. 
Funding: not relevant.
Trial Registration: not relevant.

Worldwide, pancreatic cancer (PC) ranks 13th in cancer 
incidence, but 8th as a cause of cancer death [1]. Most 
countries have incidence rates of 8-12 cases per 100,000 
persons per year. Denmark is a highly epidemic country 
as approximately 900 patients are diagnosed annually. 
Operation is the only chance of cure, but only about 16% 
of Danish patients are operable at diagnosis [2].

For more than a decade, the reference regimen for 
palliative treatment of PC has been gemcitabine mono-
therapy since a randomised trial of 126 patients pub-
lished in 1997 showed a minor increase in median over-
all survival (mOS) with gemcitabin as compared with 

bolus fluorouracil from 4.4 to 5.6 months, and an in-
crease in 1-year survival from 2% to 18%. Most impor-
tantly, treatment with gemcitabine resulted in a signifi-
cant improvement in a symptom score including pain, 
performance status and/or weight, from 5% to 24% of 
patients − and the treatment was well tolerated [3].

Over the years, there have been numerous futile 
clinical trials combining a variety of cytotoxic and biol
ogically targeted agents with gemcitabine or with other 
drugs [4]. In May 2011, a randomised trial including 342 
patients published by the French PRODRIGE Intergroup, 
however, showed an increase in mOS from 6.8 to 11.1 
months in patients treated with FOLFIRINOX as com-
pared with gemcitabine monotherapy. The objective re-
sponse rate (ORR) tripled from 9.4% in the gemcitabine 
group to 31.6% in the FOLFIRINOX group. The patients 
had a good performance status (Eastern Cooperative 
Oncology Group performance status score of zero or 
one), were under 76 years of age, and all had metastatic 
PC. The toxicity was significantly higher in the FOLFIRI
NOX-treated group and consisted mainly of neutropenia, 
trombocytopenia, diarrhoea and sensory neuropathy 
[5].

There are only few reports on the feasibility of this 
intensive regimen used outside clinical trials [6, 7]. At 
our institution, treatment with FOLFIRINOX was initiated 
through the Unit for Experimental Cancer Treatment in 
Marts 2011. The present study reports the preliminary 
results for 16 patients treated during the first ten 
months.

Material and methods 
A total of 16 consecutive patients treated with FOL-
FIRINOX as first-line therapy for inoperable PC at the De-
partment of Oncology, Aarhus University Hospital, from 
Marts 21st 2011 until September 15th 2012 were in
cluded in this retrospective study. Six females and ten 
males of a median age of 58 years (range 40-67 years) 
were treated. Seven patients had locally advanced dis-
ease and nine had metastatic disease. Four patients had 
a biliary stent. The carbohydrate antigen 19.9 was ele-
vated in all patients but one (range 8-10,000 kU/l).

FOLFIRINOX was administered according to the 
doses prescribed in the PRODRIGE trial;  oxaliplatin, 85 
mg per m2 of body-surface area; irinotecan, 180 mg per 
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m2; leucovorin, 400 mg per m2; and fluorouracil, 400 mg 
per m2 given as a bolus followed by 2,400 mg per m2 giv-
en as a  46-hour continuous infusion, every two weeks. 
Supportive treatment for neutropenia with filgrastin 6 
mg subcutaneously was given to all patients at day three 
of each cycle. Up to 12 cycles were planned with a scan 
performed for every fourth cycle. Treatment continued 
until progressive disease or non-acceptable toxicity. 

Twelve patients completing at least four cycles of 
chemotherapy were evaluable for response assessment. 
The remaining four patients had less than four cycles 
due to toxicity. Response was evaluated by CT (Figure 1).

Serious adverse events (SAEs), defined as toxic ef-
fects requiring interruption of therapy and unscheduled 
or prolonged admissions, were recorded by review of 
medical records. Mild non-haematological toxicity (not 
SAE) could not be reliably recorded by retrospective as-
sessment and was therefore not included.

Estimated 6-month and median overall survival 
were calculated using SPSS version 20.0.0 (IBM 
Corporation, NY, USA). 

Trial registration: not relevant.

Results
The median number of cycles administered was 8.5 
(range, 1-12 cycles), and eight patients completed the 
scheduled 12 cycles. No patients discontinued due to 
progressive disease. Seven patients discontinued treat-
ment due to unacceptable toxic effects. 

One patient with locally advanced PC was radiologic
ally down-staged after five series of FOLFIRINOX and 
went through surgery with pancreatico-duodenectomy 
(Whipple procedure). The pathological staging was pT-
4N1R2. Post-operatively, the patient received gemcit-
abine for six months. Unfortunately, the disease re-
lapsed after another six months.

The SAEs recorded were diarrhoea (n = 4), febrile 
neutropenia (n = 3), and nausea and vomiting (n = 4) dis-
tributed on 11 patients. No patients were admitted or 
had prolonged admittances due to toxicity after having 
received more than five cycles. The number of extra hos-
pital admittances and the length of admittances distrib-
uted according to cycle number are shown in Table 1. At 
follow-up, a total of 121 series were administered, re-
sulting in 11 admissions of an average duration of 5.4 
days (range, 1-12 days), resulting in 0.49 days of admis-
sions per treatment due to toxicity.

Blood samples were collected after every cycle, and 
overall nine patients experienced haematological toxici-
ty but only two of these were Common Terminology 
Criteria for Adverse Events grade III or more. The toxi- 
city was neutropenia, trombocytopenia or anaemia (n = 
3 in each category). Three patients were admitted due 
to febrile neutropenia, and one patient was admitted for 
the purpose of blood transfusion.

A partial response (PR) was shown at the first CT af-
ter a minimum of four cycles in eight evaluable patients, 
and four patients had stable disease (SD), which resulted 
in an ORR of 67%. Objective response (OR) in the inten-

TablE 1

Admissions associated with toxic effects of chemotherapy.

Cycle no.

1 2 3 4 5 6-12

Patients admitted to hospital, n 2 4 3 1 1 0

Treatments, n 16 15 13 11 10 56

Admittance/treatment, average, days 1.00 1.33 0.77 1.1 0.1 0

Admitted patients/cycle, % 12.5 27 23 9 10 0

FigurE 1

Computed tomography 
showing pancreatic 
tumour before and after 
treatment with eight 
cycles of FOLFIRINOX.
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tion-to-treat population was 50%, and the rate of dis-
ease control (stable disease plus response) was 75% 
(Table 2). No complete responders or patients with pro-
gressive disease were recorded during treatment. 

Nine patients have died from disease. With a me
dian of 8.5 months of follow-up, the six-month survival 
was 81%, while the median overall survival was 8.45 
months (95% confidence interval (CI) 4.14-12.77 
months) (Figure 2).

Patients treated with FOLFIRINOX accounted for 
33% of all patients treated with first-line chemotherapy 
for inoperable PC at the institution during the period.

Discussion 
Although the results from the PRODRIGE trial showed 
convincing results in favour of FOLFIRINOX, the regimen 
has caused worries when it comes to toxicity, quality of 
life and cost-benefit [8]. Previously reported data show, 
however, that using FOLFIRINOX as first-line chemother-
apy was associated with more overall life years and 
quality-adjusted life years than gemcitabine as first-line 
therapy [7]. In a retrospective series of 80 patients with 
61 patients with stage III and 19 with stage IV disease 
treated with FOLFIRINOX as first-line therapy, an ORR of 
44% in 52 evaluable patients was seen. One patient with 
stage III unresectable disease was down-staged and ob-
tained an R0 resection. The median overall survival OS 
was 12.5 months for stage IV and 13.7 months for stage 
III patients, and the six-month survival for stage IV pa-
tients was approximately 75%. In that study, which was 
presented at the congress of American Society of Clinical 
Oncology in 2012, all patients were treated with a modi-
fied FOLFIRINOX starting dose of 80%, but despite that, 
half of the patients required a further dose reduction 
during therapy.

The present study supports the data on the efficacy 
of the unmodified FOLFIRINOX in good-performance-sta-
tus patients with PC, also when used outside protocol. 
The fragment of patients with failure to comply with the 
schedule and the number of toxicity-related admissions 
observed, however, warrant further randomised studies 
of modified regimens with a more favourable toxicity 

profile, or studies of biomarkers of increased risk of tox-
icity [9].

In the pivotal randomised study, only patients with 
metastatic PC were included [5], and thus the effect of 
FOLFIRINOX in patients with locally advanced disease re-
mains to be formally proven. A retrospective study of 
neoadjuvant FOLFIRINOX in 18 patients with unresect
able or borderline-resectable, locally advanced PC, how-
ever, indicated that the regimen showed high activity in 
this setting: Seven patients were converted by chemo-
therapy to radiological resectability of whom five had R0 
resections. Further radio-chemotherapy of unresectable 
patients converted an additional three patients into hav-
ing an R0 resection. The overall R0 resection rate was 
44%, and the one-year survival was 100% [6].  

In March 2012, FOLFIRINOX was approved by the 
Danish Health and Medicines Authority, and the regimen 
is now recommended as standard treatment for patients 
with metastatic PC in good general condition [10].
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TablE 2

Response rates.

Min. 4 cycles, n (%)
Intention-to-treat  
population, n (%)

Complete response   0   0

Partiel response   8 (66.7)   8 (50.0)

Stable disease   4 (33.3)   4 (25.0)

Progressive disease   0   0

Total 12 16

FigurE 2

Overall survival of patients with inoperable pancreatic cancer treated 
with FOLFIRINOX.
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