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ABSTRACT
Background

The accorp 11/0402 trial demonstrated that FOLFIRINOX
(5-fluorouracil, leucovorin, irinotecan, oxaliplatin)
is significantly more efficacious than gemcitabine
monotherapy in the first-line treatment of metastatic
pancreatic cancer (mpc). The present study assessed
the cost-effectiveness of first-line FOLFIRINOX compared
with first-line gemcitabine for public payers in Canada.

Methods

A Markov model simulated the movement of mpc
patients from first-line treatment until death. Overall
survival (0s) and progression-free survival (prs) data
were derived from Accorp. Published utility data
and Canadian costs were applied based on time in
each health state and on treatment-related adverse
event (AE) rates. Costs included first- and second-
line therapy, monitoring, and costs to treat AEs. Two
separate analyses were performed. Analysis 1 was
based on trial data [first-line FoLFIRINOX followed by
second-line gemcitabine compared with first-line
gemcitabine followed by second-line platinum-based
chemotherapy, with use of granulocyte colony—
stimulating factor (G-csF) allowed], and analysis 2
used Ontario treatment patterns before FOLFIRINOX
funding (first-line FoLFIRINOX followed by second-line
gemcitabine compared with first-line gemcitabine
followed by best supportive care, no use of G-CSF).

Results

Compared with first-line gemcitabine, first-line
FOLFIRINOX resulted in more life-years and quality
adjusted life-years (QaLys). Probabilistic sensitiv-
ity analysis results showed that, for analyses 1 and
2 respectively, FOLFIRINOX has a greater than 85%
probability and an approximately 80% probability
of being cost-effective at the $100,000 threshold.

Conclusions

Compared with gemcitabine, first-line FOLFIRINOX
significantly prolongs median os. Given the favour-
able cost per QaLy, the improvement in clinical ef-
ficacy, and the limited available treatment options,
FOLFIRINOX represents an attractive cost-effective
treatment for mpc.
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1. INTRODUCTION

Metastatic pancreatic cancer (mpc) is one of the most
aggressive and lethal forms of cancer in both men and
women. At present, the disease is the fourth leading
cause of cancer-related death in North America and
Europe' 3. More than 80% of patients presenting
with symptoms of pancreatic carcinoma have unre-
sectable, locally advanced, or metastatic disease at
diagnosis, rendering them ineligible for the poten-
tially curative surgery that is available to patients
with early-stage disease'*. Importantly, the disease
progresses rapidly and claims the lives of most diag-
nosed patients: in 2012, an estimated 4500 Canadians
(9 per 100,000) were expected to be diagnosed with
pancreatic cancer, and 4200 (9 per 100,000), to die of
the disease’. Those numbers translate into a 5-year
relative survival ratio of approximately 6%, one of
the lowest rates for all known cancers?.

Gemcitabine has long been the standard of care
for treatment of mpc®. Numerous randomized clinical
trials conducted since the early 1990s have attempted
to build on single-agent therapy, with some improve-
ments in survival’. Nonetheless, given poor prognosis
and limited effective treatment options, there is a
significant unmet medical need for an improved
treatment regimen.
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The accorp 11/0402 phase /i clinical trial,
conducted by the pPrRODIGE group of the Fédération
Nationale des Centres de Lutte Contre le Cancer,
generated results that provide support for FOLFIRI-
Nox chemotherapy [5-fluorouracil (5ru), leucovorin,
irinotecan, oxaliplatin] as first-line treatment in mpc
patients®. A substantial impact of FOLFIRINOX was
demonstrated with respect to the trial’s primary end-
point of os and secondary endpoints of progression-
free survival (prs) and quality of life (Qor). Median os
was 11.1 months in patients treated with FOLFIRINOX,
compared with 6.8 months in patients treated with
gemcitabine monotherapy (p < 0.0001)3.

The accorp trial produced the longest-ever
survival advantage observed in a clinical trial for
mpc®. Additionally, a median prs of 6.4 months was
achieved for patients treated with FOLFIRINOX, com-
pared with 3.3 months for patients receiving gem-
citabine®. Moreover, despite the increased toxicity of
FOLFIRINOX, patients experienced longer preservation
of QoL8719, The additional toxicities associated with
the more aggressive chemotherapy therefore appear
to be mitigated by improved effective control of
cancer-related symptoms for a longer time®.

In addition to the efficacy data for FOLFIRINOX, and
considering the potential of this regimen to become
the new standard of care, there was an interest in
the cost-effectiveness of FOLFIRINOX compared with
gemcitabine. In 2011, an analysis similar to the one
presented here was conducted and submitted to On-
tario public decision-makers to inform their decision
with respect to funding the regimen as an option for
the first-line treatment of mprc. In November 2011,
Cancer Care Ontario issued a New Drug Funding
Program update stating that the Ontario public drug
programs had approved funding for rFoLFIRINOX for
the first-line treatment of mpc in patients with a good
performance status—that is, an Eastern Cooperative
Oncology Group score of 0—1, with no cardiac isch-
emia and normal or nearly normal bilirubin levels.
The analysis presented at that time has been updated
to reflect 2013 prices and to incorporate data that
were not available in 2011.

The purpose of the present report was to esti-
mate the cost-effectiveness of first-line FOLFIRINOX
compared with first-line gemcitabine in mpc patients.

2. METHODS

One of the key motivations for conducting this cost-
effectiveness analysis was to provide evidence to
Ontario public decision-makers evaluating whether
to fund roLFIRINOX in the first line for mpc. Two
analyses were therefore conducted:

*  Analysis 1 was based as closely as possible on ACCORD.

* Analysis 2 reflected Ontario practice patterns and
funding restrictions before the time of provincial
submission.

These analyses had two key differences in
practice patterns. First, upon progression with
gemcitabine, a proportion of patients in ACCORD re-
ceived a platinum-based chemotherapy. In Ontario,
patients who progressed on gemcitabine primarily
received best supportive care (Bsc). Second, patients
in Accorp received granulocyte colony—stimulating
factor (G-csF) for the treatment of neutropenia after
chemotherapy. Because of funding restrictions on
the use of G-csF in a noncurative setting, Ontario
physicians controlled neutropenia primarily through
chemotherapy dose reductions. In analysis 2, costs
were therefore adjusted to reflect Ontario practice
patterns at the time of submission; however, efficacy
data in the absence of G-cSF use were not available,
and that aspect of the analysis could not be adjusted.

Both analyses took the perspective of the Ontario
public payer. Costs and outcomes were discounted at
a rate of 5% per year.

2.1 Patient Population

The model was populated with data from Accorb,
which included mpc patients naive to chemotherapy.
Patients were between 18 and 75 years of age, had
a good performance status (Eastern Cooperative
Oncology Group performance score of 0 or 1), no
cardiac ischemia, and adequate bone marrow, liver
(bilirubin levels <1.5 the upper limit of normal), and
renal function®.

2.2 Treatment Regimens from ACCORD

Patients received gemcitabine intravenously for 30
minutes at a dose of 1000 mg/m? body surface area,
weekly for 7 weeks. During week 8, patients rested.
The schedule then continued on a 4-week rotation in
which patients received treatment for 3 weeks and
rested during week 4. Patients received the combina-
tion FOLFIRINOX regimen every 2 weeks. Oxaliplatin
was delivered intravenously (85 mg/m?) for 2 hours,
followed immediately by an intravenous infusion of
leucovorin (400 mg/m?) for 2 hours. Thirty minutes
after the leucovorin administration, an additional
intravenous infusion of irinotecan was administered
(180 mg/m?) for 90 minutes. The irinotecan was im-
mediately followed by 5ru, first in an intravenous
bolus infusion (400 mg/m?) and then in a continuous
intravenous infusion (2400 mg/m?) over a 46-hour
period. Responding patients were recommended to
receive a 6-month period of chemotherapy (that is, 12
cycles) and were followed every 3 months until death®.

2.3 Decision Analytic Model

A Markov state transition model (Figure 1) simu-
lated the movement of a hypothetical cohort of mpc
patients from commencement of first-line treatment
to death. One arm of the model considered treatment
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starting with first-line FOLFIRINOX, with a proportion
of the patients receiving second-line gemcitabine
after progression. The other arm considered treat-
ment starting with first-line gemcitabine, with a
proportion of the patients receiving either second-
line platinum-based chemotherapy (analysis 1) or
Bsc after progression (analysis 2).

Patients began in the Stable—Ist-Line Treatment
state. During each model cycle (1 week), patients
could reside in one of the Stable states, move to one
of the Progressed states, or move to the Dead state
(Figure 1). The process was repeated until the entire
initial cohortresided in the Dead state. Patients were
attributed survival, quality-adjusted survival, and
costs for each cycle spent in a given state. Adverse
event costs and utility decrements were also incor-
porated into the model.

The prs data from accorp informed the movement
of patients between the Stable and Progressed states.
Movement from any living state (that is, Stable or
Progressed) to the Dead state was based on os data.
The number of patients in the Progressed state were
calculated by subtracting the number of patients in the
Dead state from the number of patients in the Stable
state. The time horizon for the model was a lifetime.

2.4 Effectiveness Assessment

Treatment effectiveness was summarized in terms
of quality adjusted life-years (QALYS) so as to capture
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FIGURE I Markov economic model. Simulation represents the
transitions of the hypothetical cohort of metastatic pancreatic
cancer patients through various health states from commencement
of first-line treatment to death. Treatment arms in the model con-
sisted of first-line FOLFIRINOX (5-fluorouacil, leucovorin, oxaliplatin,
irinotecan) and first-line gemcitabine respectively, and both arms
considered second-line treatment. Each model cycle is 1 week.

both survival and health-related QoL. The QALY is a
composite measure that combines the length of a
patient’s life with the QoL that a patient experiences.
Effectiveness was also summarized in terms of life-
years (Lys), which does not take into account QoL.

2.4.1 OS and PFS

The os and prs were based on fitted Weibull curves
generated from accorp (Figure 2). Four curve
types—Weibull, Gompertz, logistic, and exponen-
tial—were fitted to the data. Reliability data were
summarized by plotting the cumulative distribution
function estimates against time using a log—log scale
and fitting a straight line. The Weibull curve was cho-
sen based on the values for R? (0.9956) and residual
sum of squares (0.2392). The Weibull curves for
FOLFIRINOX were close to the original Kaplan—Meier
curves from Accorp, with a slight skewing to the left,
which underestimates os and prs for FOLFIRINOX. That
closeness was confirmed by an analysis of the area
under the curve for os in both treatment groups, with
the difference between FOLFIRINOX and gemcitabine
being 3.65 months and 4.04 months for the Weibull
and Kaplan—Meier curves respectively. Similarly,
the difference in prs between the treatment groups
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FIGURE 2 (4) Overall and (B) progression-free survival curves
for first-line treatment of metastatic pancreatic cancer with gem-
citabine and FoLFIRINOX (5-fluorouacil, leucovorin, oxaliplatin,
irinotecan). Kaplan—Meier (KM) estimates come from the ACCORD
trial; fitted Weibull curves are also presented.
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was very minimal-—2.87 months and 2.89 months for
the Weibull and Kaplan—Meier curves respectively.

2.4.2  QOL Associated with Disease States
Patients in the Stable state are assumed to have better
QoL than those in the Progressed state. Utility values
are preference weights that can be used to quantify
QoL (as a value between O and 1) in each state.
Utility values were not collected in Accorp and
are therefore derived from the available literature.
Values were obtained from Romanus et al.!!, who
reported utilities for both stable and progressed
pancreatic cancer patients treated with gemcitabine.
In that study, patients with advanced pancreatic
cancer participating in the Cancer and Leukemia
Group B multicentre double-blind randomized 80303
trial, which compared os in two treatment arms
(gemcitabine plus bevacizumab, gemcitabine plus
placebo), were evaluated on their health-related QoL
using the EuroQol instrument (EQ-5D) at baseline
and at 8 weeks. The utility value for patients with
stable disease was 0.79 at baseline and 0.81 at 8
weeks. For patients with progressive disease, the
values were 0.77 and 0.73!''. Our analysis therefore
made use of the average utility value for stable
disease (that is, 0.80) and the lower value from the
range reported for progressive disease (that is, 0.73),
given that the 8-week value would be representative
of the patients in our model, being carried through
progressive disease until death. Similarly, Romanus
et al.'! reported the utility value for a partial response
as 0.83, and that value was also incorporated into our
model (Table 1).

2.4.3  QOL Associated with Adverse Events and
Chemotherapy Toxicities

The effect of adverse events (AES) on QOL was incor-
porated by applying utility decrements to patients
who experienced grade 3 or 4 diarrhea, vomiting,
febrile neutropenia, neutropenia, thrombocytopenia,
peripheral neuropathy, fatigue, and elevated alanine
aminotransferase. The proportion of patients expe-
riencing AEs was based on accorp (Table 1). Utility
decrements associated with AEs after chemotherapies
for cancer were extracted from the literature. The
utility decrements used in our model had previously
been described in studies evaluating the disutilities
associated with chemotherapy-induced AEs in cancer
patients using elicitation methods such as the stan-
dard gamble'>~!7 (Table 1). The disutilities were ap-
plied conservatively to each arm for a duration of 20
weeks for FOLFIRINOX and 12 weeks for gemcitabine.
The assumption is conservative, because AEs are
unlikely to persist for the entire treatment duration.

2.4.4  Objective Response

Based on the QoL study reported by Romanus et al.!l,
objective response was assigned a utility advantage
compared with stable disease (+0.03)!!. The objective

response for patients treated with FOLFIRINOX (31.6%)
was significantly greater (p < 0.001) than that for
patients treated with gemcitabine (9.4%)3.

2.5 Cost and Resource Utilization

Costs were obtained predominantly from Ontario
and reported in 2013 Canadian dollars.

2.5.1 Costs of Chemotherapy Treatment
Chemotherapies were assumed to be administered
in an outpatient clinic setting. Drug costs came
from publically available data—that is, the Ontario
Drug Benefit Program'®, the Ontario Case Costing
Initiative'?, and public cost-effectiveness reports!”,
among others. Health care costs—Ilaboratory work,
physician visits, diagnostic tests, and so on—were
obtained from the Ontario Health Insurance Plan
Schedule of Benefits and Fees!?-2°,

Costs for each treatment arm were based on the
treatment regimens delivered in aAccorp and described
in Conroy et al.8. The model was calibrated to predict
a mean number of cycles of 9.65 for FoLFIRINOX and
6.93 for gemcitabine. Those values closely resemble
the actual mean number of cycles administered in
ACCORD [that is, 9.47 and 6.93 respectively (Conroy
T. Personal communication, 2013)]. The relative dose
intensity (RDI) was reported to be 0.82 for 5ru, 0.81 for
irinotecan, and 0.78 for oxaliplatin. An average rRDI of
0.8 for all components of the FOLFIRINOX regimen was
therefore conservatively applied. For gemcitabine,
the reported rDI was 1.00. In addition to costs for the
chemotherapy drug or drugs, the costs of intravenous
infusion, oncologist visits, and monitoring tests and
procedures were included. The per-cycle costs of
first-line FOLFIRINOX and gemcitabine were therefore
$1,633.21 and $200.96 respectively (Table 1). A lack
of wastage was assumed, given that, with an average
body surface area of 1.75 m?, 99% of a vial would
be used. The cost of the drug is therefore based on
the actual dose required per patient, and any remain-
ing drug was assumed to be stored and utilized for
another patient.

For patients treated with a second-line platinum-
based chemotherapy regimen, a weighted cost of
$1,378.03 based on rorLrox (leucovorin, 5Fu, oxali-
platin), Gemox (gemcitabine, oxaliplatin), SFu and
cisplatin, and FOLFIRINOX as reported in ACCORD® was
assumed per cycle. The rpis for those regimens were
not available and were therefore assumed to be 0.8
(Table 1).

2.5.2  Costs Associated with Adverse Events

Treatment-related grade 3 or 4 AEs occurring in more
than 5% of patients and considered clinically signifi-
cant based on expert opinion were included (Table 1).
Those events were febrile neutropenia, neutropenia,
thrombocytopenia, thromboembolism, neuropathy,
fatigue, elevated alanine aminotransferase, diarrhea,
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and vomiting®. Clinical advice was sought to estimate
the percentage of patients with febrile neutropenia, di-
arrhea, and vomiting who would be hospitalized. Only
the costs associated with hospitalization for those AEs

TABLE1 Summary of key input parameters

Parameter Base-case value

FoLFIRINOX — Gemcitabine

Effectiveness assessment
Overall survival (0s) 0.57* 1

[HR (95% c1)] (0.45 t0 0.73)
Progression-free survival (pFs) 0472 1
[HR (95% c1)] (0.37 t0 0.59)
Objective response (%) 31.60 9.40
Patients receiving 2nd-line
therapy (%)
Analysis 1° 46.78 49.70
Analysis 2¢ 50.00 0
Utilities and utility decrements
Utility for prs 0.8
Utility for progressive disease 0.73
Utility decrement for adverse
events
Diarrhea —-0.288
Pts experiencing (%) 12.70 1.80
Vomiting —-0.152
Pts experiencing (%) 14.50 8.30
Febrile neutropenia -0.36
Pts experiencing (%) 5.40 1.20
Neutropenia —-0.184
Pts experiencing (%) 457 21.0
Thrombocytopenia —-0.184
Pts experiencing (%) 9.1 3.6
Neuropathy -0.24
Pts experiencing (%) 9.0 0.0
Elevated ALT 0
Pts experiencing (%) 7.3 20.8
Fatigue —-0.115
Pts experiencing (%) 23.6 17.8
Thromboembolism —-0.16
Pts experiencing (%) 6.6 4.1
Costs (2013 CAS$)
First-line chemotherapy
regimen
Drug unit cost
Oxaliplatin 10.3632 —
Irinotecan 0.50 —
Leucovorin 0.0265 —

were included'? (Table 1). Based on clinical opinion,
thrombocytopenia, peripheral neuropathy, fatigue, and
elevated alanine aminotransferase would be treated in
Ontario with chemotherapy dose reductions.

Fluorouracil 0.004 —
Gemcitabine — 0.07
Total drug costs per cycle 1,737.18 122.50
Relative dose index (RDI) 0.8 1.0
rDI adjusted drug cost 1,389.74 122.50
Co-medication drug costs 52.92 10.90
Monitoring and 190.55 67.56
administration cost
Total cost per cycle 1,633.21 200.96
Second-line platinum-based
chemotherapy regimen
(per cycle)
FOLFOX 1,574.08
GEMOX 1,936.06
S-Fluorouracil/cisplatin 92.31
FOLFIRINOX 1,737.18
Weighted average? 1,378.03
Costs to treat adverse events
(grade 3 or 4)°
Hospitalization for 7,867
diarrhea®
Hospitalization for 3,467
vomiting8
Hospitalization for 8,451
thromboembolism"
Hospitalization for 6,324

febrile neutropenia

Cost of G-csF
[2013 CAS (% pts treated)]

Analysis 1 4411 (42.5) 4,411 (5.3)
Analysis 2 —(0) — ()
p <0.001.

Based on Accorp intention-to-treat patient populations (n=171).

¢ Based on current Ontario treatment patters and the hypothetical
model cohort (2=1000).

4 Based on 56.0%, 20.0%, 18.7%, and 5.3% for FOLFOX, GEMOX,

S-fluorouracil/cisplatin, and FOLFIRINOX respectively.

Percentage assumed based on clinical expert opinion.

Cost based on the assumption that 50% of patients with diarrhea

are hospitalized'?.

& Costbased on the assumption that 10% of patients with vomiting

are hospitalized!?.

Cost based on the assumption that 25% of patients with throm-

boembolism are hospitalized!'?.

Cost based on the assumption that 100% of patients with febrile

neutropenia are hospitalized'?.

I Represents the cost of granulocyte colony—stimulating factor
for a mean of 21.44 days at a dose of 0.300 mg daily'*.

FOLFIRINOX = 5-flourouracil, leucovorin, oxaliplatin, irinotecan;

HR = hazard ratio; c1 = confidence interval; pts = patients; ALT =

alanine aminotransferase; FoLrox = 5-flourouracil, leucovorin,

oxaliplatin; GEMox = gemcitabine, oxaliplatin; G-csF = granulocyte

colony—stimulating factor.
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2.5.3  Costs Associated with G-CSF
The accorbp trial reported that 42.5% of FOLFIRINOX
patients and 5.3% of gemcitabine patients received
G-csF during the course of the trial®. It was assumed
that most of this use was for treatment of neutropenia
after chemotherapy. In Analysis 1, the cost of G-csF
treatment was included in the cost of AEs for 42.5% of
FOLFIRINOX patients and 5.3% of gemcitabine patients
(Table 1). The median length of administration in
the VELOUR trial was 11.00 days (Conroy T. Personal
communication, 2013). However, to reflect mean G-
CSF costs, the total cost of G-csF treatment used in the
analysis was calculated for 21.44 days'* to reflect the
mean length of administration in patients receiving
G-CsF in the VELOUR trial. The use of the mean length
of administration instead of the median is conserva-
tive, given that the mean appears to be skewed, and
its use in the analysis might overestimate the cost of
G-csF. In reality, the length of G-csr administration
might fall between those two values. Accordingly,
to provide a range of plausible ICERs, the total G-csF
costs associated with the median length of admin-
istration were evaluated in a sensitivity analysis.
In Ontario, G-csF is not readily reimbursed in a
noncurative setting as a treatment for chemotherapy-
induced neutropenia. Chemotherapy dose adjust-
ments are preferred, and the cost of G-csF treatment
was therefore omitted in Analysis 2 (Table 1).

2.6 Sensitivity Analyses

Sensitivity analyses were conducted to test the robust-
ness of the cost-effectiveness model, and the impact of
the input variables on the results. One-way sensitivity
analyses were conducted on parameters such as RDI, G-
CsF treatment, duration of treatment, utilities, and costs
(Table 1). In addition, alternative values for health state
utilities were specifically evaluated to assess the effect
of lower utilities for stable and progressive disease.
Health state utility values reported by Mvller—Nordhorn
and colleagues from their study evaluating the EQ-5D
utility and European Organization for Research and
Treatment of Cancer (EORTC) values for pancreatic can-
cer patients were therefore included in the sensitivity
analysis for this model?!. It is important to note that the
EORTC values were similar to the baseline EorTc values
reported by Gourgou—Bourgade and colleagues!? that
describe the QoL data from Accorp. An average of the
male and female English utility values for stable disease
from Mvller—Nordhorn ef al. was therefore used. Given
that a value for progressive disease was not provided, a
decrement similar to that observed in the study reported
by Romanus et al. (that is, —0.07) was applied to obtain
a value for progressive disease!'!.

Probabilistic sensitivity analyses were per-
formed to simultaneously capture the uncertainty in
model parameters. The prs, 0s, disease state utilities,
and cost inputs (that is, costs of AE management,
first- and second-line treatments, and so on) were

simultaneously varied using a second-order Monte
Carlo simulation. The 95% confidence intervals
around the hazard ratios for os and PFS (FOLFIRINOX
compared with gemcitabine) were reported in Ac-
corD, and a logged distribution was assumed. A beta
distribution was assumed for the utility estimates.
The weighted average and standard error for the
reported utilities from Romanus et al.'! were used
to derive the parameters for the beta distribution.

3. RESULTS
3.1 Effectiveness

The primary and secondary outcome measures from
AccorD indicate that when FOLFIRINOX is compared
with gemcitabine for first-line chemotherapy, both os
and prs show a significant increase (Figure 2)8. Those
increases translate into gains, without discounting, of
0.304 Lys and 0.241 QaLys (Table 11). With discount-
ing, the gains are 0.300 Lys and 0.238 QALYs.

Effectiveness results from analysis 1 and analy-
sis 2 are identical, because the difference in the
analyses pertain to treatment practices, which are
assumed to affect only costs and not the effectiveness
of the treatments.

3.2 Cost Outcomes

The cost estimates for analysis 1 and analysis 2 (Ta-
ble ) differ because of varying assumptions about
treatment practices. Analysis 1 corresponds to the
treatment provided in aAccorp, and analysis 2 cor-
responds to treatment patterns at the time of submis-
sion in Ontario. As expected, the cost of first-line
chemotherapy was not different in the two analyses.
The cost of treating first-line AEs differed because
analysis 1 included the cost of G-csF. In analysis 2,
no costs were associated with second-line therapy
after gemcitabine because second-line therapy is
Bsc alone. For both analyses, Bsc costs were applied
for all patients in the progressed state until death
in both the roLFirRINOX and the gemcitabine arms.

For patients treated with first-line FOLFIRINOX,
the largest cost was that for the chemotherapy drugs
($13,404), followed by monitoring and administra-
tion ($2,735). When G-csF was included (that is,
in analysis 1), the cost of AE care was also a large
contributor ($2,913). Second-line treatment for those
patients is not a large cost because gemcitabine is
not costly in Ontario.

For patients treated with first-line gemcitabine,
the cost of first-line chemotherapy is approximately
$1,000, plus an additional $1,052 for administration
and monitoring. Should a platinum-based chemo-
therapy be a treatment option for patients after
first-line gemcitabine (that is, as in analysis 1), the
patient’s second-line treatment exceeds the cost of
their first-line care.
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TABLE II Deterministic results of cost-effectiveness

Parameter (per patient)

Base-case value

Analysis 1 Analysis 2

rFoLFIRINOX ~ Gemcitabine FOLFIRINOX — Gemcitabine

Life years (Lys)
Stable disease
Progressive disease
Quality-adjusted life years (QALYS)
Costs (2013 CAS)
First-line therapy
First-line monitoring
First-line adverse events
Second-line therapy
Second-line monitoring
Second-line adverse events
Bsc during progression
Total
Incremental (undiscounted)
LYS
QALYS
Costs (2013 CAS$)
Cost (2013 CAS)
Per Ly (undiscounted)
Per QALY (undiscounted)
Per Ly (discounted)
Per QaLy (discounted)

0.974 0.670 0.974 0.670
0.540 0.301 0.540 0.301
0.434 0.369 0.434 0.369
0.752 0.510 0.752 0.510
13,404 849 13,404 849
2,735 1,052 2,735 1,052
2,913 500 1,038 266
573 2,192 613 0
316 379 338 0
234 1,448 133 0
927 787 927 787
21,103 7,207 19,188 2,955
0.304 0.304
0.241 0.241
13,896 16,233
45,653 53,331
57,600 67,289
45,877 53,623
57,858 67,626

FOLFIRINOX = 5-flourouracil, leucovorin, oxaliplatin, irinotecan; Bsc = best supportive care.

3.3 Cost-Effectiveness

The base-case analysis demonstrated that first-line
FOLFIRINOX was more effective than first-line gem-
citabine, but also more costly. Table 11 shows the cost
per Ly and QALy for first-line FOLFIRINOX and first-line
gemcitabine. When mimicking treatment patterns in
ACCORD (analysis 1), the cost per QALY with FOLFIRINOX
was $57,858. When mimicking practice patterns in
Ontario (analysis 2), the cost per QaLY was $67,626.

3.4 Sensitivity

3.4.1  Deterministic Sensitivity Analyses

Table m summarizes the results of the sensitivity
analyses. Most of the parameters tested suggest that
the incremental cost per QALY for FOLFIRINOX com-
pared with gemcitabine does not exceed $70,000.

3.4.2  Probabilistic Sensitivity Analysis

The cost-effectiveness acceptability curve used to
represent the results of the Monte Carlo simulation
shows the probability that a therapy is cost-effective
(v axis) compared with the alternative for a range
of maximum acceptable cost-effectiveness ratios

(x axis). The cost-effectiveness acceptability curve
for analysis 1 [Figure 3(A)] shows that FOLFIRINOX has
a greater than 85% probability of being cost-effective
at a threshold of $100,000. The cost-effectiveness ac-
ceptability curve for analysis 2 [Figure 3(B)] shows
that FoOLFIRINOX has an almost 80% probability of
being cost-effective at a threshold of $100,000. The
$100,000 threshold was chosen based on Canadian
empirical evidence showing that cost-effectiveness
ratios above that range start to negatively effect on-
cology drug funding recommendations—albeit with
some exceptions??.

4. DISCUSSION

Great excitement has surrounded the positive results
of accorp??~23, leading to rapid introduction of FOL-
FIRINOX into practice. Early adoption was observed
after release of the preliminary results at the 2010
meeting of the American Society of Clinical Oncol-
ogy, with a U.S. study estimating that oncologists had
created prescribing plans that included FoLFIRINOX for
18% of patients?32%. But the criteria for adoption of a
new therapy should consider both the clinical benefits
and the economic value of the treatment. Given that
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TABLE I Deterministic sensitivity analyses

Parameter Value used in the analysis ICER analysis (2013 CAS)
Base case Alternate 1 2b
4 B Alternate Alternate
A B A B

Discounting (%) 5 0 3 57,600 57,756 67,289 67,493
Relative dose index

FOLFIRINOX 0.8 1 0.7 69,604 51,985 81,666 60,606

Gemcitabine 1 0.9 0.8 57,975 58,092 67,727 67,828
Maximum cycles (n), per the model, of

First-line FoLFIRINOX (2-week cycle) and 13 and 12 and — 52,004 — 61,741 —

gemcitabine (1-week cycle) 9 26
Second-line gemcitabine 10 9 6 57,487 56,372 67,229 66,039
(after 1st-line FOLFIRINOX)

Patients receiving 2nd-line treatment (%)

FOLFIRINOX 46.8/50 50 40 58,077 60,460 54,624 56,320

Gemcitabine 49.7/0 50 40

(analysis 1/2)

Hazard ratio for overall survival 0.57 0.45 0.73 38,420 105,004 44928 122,678
Alternate health state utilities

Stable 0.8 0.65 — 64,192 — 75,029 —

Progressed 0.73 0.58 —
Adverse event disutilities

FOLFIRINOX -0.119 -0.143  -0.095 57,954 577763 67,738 67,515

Gemcitabine —-0.016 -0.020 -0.013

(-20%) (+20%)
Duration of G-csr administration (days) 21.44 11.00 — 56,180 — — —
(mean) (median)

3 Base-case cost per quality-adjusted life year: $57,858.
b Base-case cost per quality-adjusted life year: $67,626.

ICER = incremental cost-effectiveness ratio; FOLFIRINOX = S-flourouracil, leucovorin, oxaliplatin, irinotecan; G-csF = granulocyte

colony—stimulating factor.

the incremental ICERs for FOLFIRINOX (approximately
$58,000 and $68,000 for analyses 1 and 2 respec-
tively) fall below commonly quoted acceptable ICER
thresholds for oncology products, there is also strong
economic support for adoption?2.

The icers are driven by the important os differences
observed. When variables in the model were adjusted
by 20% in each direction, the model drivers were

e the os hazard ratio,

* the cost of the FOLFIRINOX drugs,

e the RDI of FOLFIRINOX,

* the number of cycles of FOLFIRINOX, and
» the utility values.

Our analysis also demonstrated that, although
Canadian costs and practice patterns might vary from
those observed in other regions, assumptions about
treatment patterns vary the results only marginally.

However, it is important to note that, in analysis 2,
omitting the costs for G-csr would favour the FOLFIRI-
NoX regimen, and yet omitting the second-line post-
gemcitabine costs and assuming Bsc did not favour
FOLFIRINOX; it had a more pronounced impact on the
ICER than the exclusion of G-CsF costs.

Benefits of roLFIRINOX have been observed in
patients 76 years of age and younger with good per-
formance status®. Because of the safety profile of
FOLFIRINOX (wWhich, compared with gemcitabine, is
associated with a higher risk of toxicity), reserving
treatment for patients with a good performance status
is highly recommended. Nevertheless, compared
with patients treated with gemcitabine, those treated
with FOLFIRINOX experience significantly greater QoL.
Results from accorp indicate that 31% of patients in
the FOLFIRINOX group, compared with 66% in the gem-
citabine group, experienced a definitive decrease in
global health status and Qor scores (hazard ratio: 0.47;

CURRENT ONCOLOGY—VOLUME 21, NuMBER 1, FEBRUARY 2014

e48

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



COST-EFFECTIVENESS OF FOLFIRINOX IN FIRST-LINE PANCREATIC CANCER

»
N _$50,000 /@w $100,000
Threshold Threshold Threshold

0.7
A N
\

N = = Gemcitabine
\ =FOLFIRINOX

~
N
3 s
/ S
%

=

Probablity of Being Cost Effective
5 &
-
\

$0 $20,000 $40,000 $60,000 $80,000 $100,000 $120,000 $140,000
Willingness to Pay Threshold

(B) 10 1=
Wi
09 =
N
N
N
038 S
$50,000 $80,000 $100,000
Threshold Thres! Threshold

07
°
2 N
3 N
£ N
106
% N
8 \
2 \
£05 —
8 % - - Gemcitabine
E ¥ ——FOLFIRINOX
=04 <
£ N
£ N

03 <

X "

02 -

01 o Y

00

0 520,000 540,000 560,000 580,000 100,000 5120,000 140,000

Willingness to Pay Threshold
FIGURE 3 Cost-effectiveness acceptability curves comparing FoL-

FIRINOX (5-fluorouacil, leucovorin, oxaliplatin, irinotecan) with
gemcitabine. (4) Analysis 1. (B) Analysis 2.

95% confidence interval: 0.30 to 0.70; p < 0.001)%.
Similarly, Gourgou—Bourgade and colleagues'®
reported a comparison of QoL using the EORTC QLQ-
C30 every 2 weeks. Results of the study indicated
that QoL impairment was significantly reduced with
FOLFIRINOX than with gemcitabine, particularly with
respect to time until definitive deterioration in overall
global health status, physical, role, cognitive, and so-
cial functioning, plus 6 additional symptom domains
(p <0.001)'°.

Key assumptions were made that may represent
potential limitations of the analysis. For example,
the analysis relied on the literature and expert opin-
ion to provide estimates of utility values, resource
use, and costs. Although the sensitivity analyses
suggested that the results were robust to changes in
those parameters, the inclusion of real-life data would
strengthen the analysis. Recently, FOLFIRINOX has been
funded, and studies are ongoing to further evaluate
the way it is used and its efficacy and safety in clinical
practice. In fact, a Canadian registry of FOLFIRINOX
in advanced or metastatic pancreatic cancer is ongo-
ing to collect and assess real-life data on FOLFIRINOX

delivery, safety, and outcomes in clinical practice?’.
The present cost-effectiveness analysis should be
repeated once the “real world”” data become available.
Because the difference in os was the key driver in
the model, real-life data on the efficacy observed in
light of possible changes in the administration of the
FOLFIRINOX regimen (dose reductions, use of a bolus
as opposed to a S5ru infusion) would provide an ICER
estimate that is better reflective of actual practice.
Preliminary data indicate efficacy similar to that
observed in the trial, thereby reducing uncertainty
around the ICER estimates in our analysis®>®?, Rates
of AEs and rates of discontinuation with or without
G-CsF prophylaxis could further inform the cost-
effectiveness and need for G-csr. Changes in the
length of administration of G-csF were not a major
driver in the model. When the median length of ad-
ministration (11.00 days) instead of the mean (21.44
days) was used, the sensitivity analysis demonstrated
that the 1CER in analysis 1 would decline to $56,180
per QaLy. Finally, although not key drivers, real-life
patient-level utility data could further strengthen
confidence in the ICER estimates.

The efficacy of roLFIRINOX observed in ACCORD
has generated interest in its use in locally advanced
pancreatic cancer and in adjuvant treatment. It will
be interesting to evaluate the cost-effectiveness
of the regimen in these new indications once sup-
portive clinical data are available. Considering the
IcER for FOLFIRINOX in first-line mpc treatment, and
assuming comparable efficacy in the new indica-
tions (generally associated with longer o0s), it could
be hypothesized that the cost-effectiveness ratio
might be even lower.

5. CONCLUSIONS

Gemcitabine monotherapy has been the standard of
care for the first-line treatment of mrc, with a median
life expectancy of approximately 6 months, but the
use of first-line FOLFIRINOX significantly extends life
expectancy by more than 4 months to a median os of
11.1 months. Given the favourable cost per QaLy of
approximately $58,000 and $68,000 and the impres-
sive 0os and QoL benefits of FOLFIRINOX over current
treatment options, FOLFIRINOX represents an attractive
cost-effective treatment for mpc in patients with good
performance status. Collectively, the availability of
an effective treatment at reasonable cost has contrib-
uted to the reimbursement of FOLFIRINOX in a number
of jurisdictions worldwide.

@ Conroy T. Randomized phase 11 trial comparing FOLFIRINOX
versus gemcitabine as first-line treatment for metastatic pan-
creatic adenocarcinoma: final analysis results of the PRODIGE 4/
Accorp 11 trial. Presented at the 2010 American Society of
Clinical Oncology Annual Meeting; Chicago, IL, U.S.A.; June
4-8, 2010.
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