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Abstract

Context: In France, gemcitabine plus nab-paclitaxel (GEM-NAB] is heterogeneously used in
metastatic pancreatic cancer due to disparities in its financial accessibility in the institutions.
Objectives: GEM-NAB conduct a French multi-institutional cost-effectiveness analysis of
GEM-NAB versus gemcitabine alone (GEM) as second-line treatment in pancreatic cancer
patients.

Design: All the unresected metastatic pancreatic ductal adenocarcinoma (PDAC) consecutive
patients who received GEM-NAB (institution 1) or GEM alone [institutions 2 and 3] as second-Lline
treatment after failure of a 5-fluorouracil based systemic chemotherapy regimen were screened.
Methods: This study was conducted from the French national healthcare insurance
perspective. The primary endpoint was the overall survival (OS] expressed in months,
calculated from the date of the first second-line chemotherapy administration to death. Only
direct (medical and non-medical) costs have been considered for this analysis. Data were
collected retrospectively in one university hospital and two general hospitals.

Results: The 0S was significantly improved in patients receiving GEM-NAB (hazard ratio:
0.54, 95% confidence interval: 0.38-0.77, p=0.001], with a median 0S of 6.2 months (versus
4.1 months in patients receiving GEM alone]. Taking into account the cost of GEM-NAB which
was afforded by each institution, the incremental cost-effectiveness ratio was €1,449,231

by year of life (€40,256 per patient). In both groups, most of the costs were attributable to
readmissions and outpatient chemotherapy administration.

Conclusion: The issues of the article is based on the trade-off between the benefit in terms
of OS of patients treated with GEM-NAB, which is minor (a gain of 2months of survival, with
an accumulated rate of grade =3 non-hematological adverse effects) and the additional
institutional cost (€25k per year of life for each patient treated). The debate is complex and
refers to an ethical component, which is the cost of human life when no other therapeutic
alternative is offered to the patient.
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Introduction estimated 14,000 new cases per year in France.!:?
Pancreatic cancer is the fourth leading cause of Its incidence has been constantly increasing over
cancer-related deaths in Europe, with an the past decades, from 2- to 3-fold between 1980
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and 2018, and pancreatic cancer could become
the second cause of cancer-related deaths in
Western countries by 2030.3-¢ Pancreatic ductal
adenocarcinoma (PDAC) is still associated with
poor prognosis, with only 10-20% of patients
presenting with resectable non-metastatic disease
at diagnosis,!»” and a 5-year overall survival (OS)
of less than 5% in metastatic patients treated with
chemotherapy.”°

Systemic chemotherapy remains the gold-stand-
ard treatment in patients with metastatic and
locally advanced PDAGC,!° and first-line regimens
usually consist of either oxaliplatin, irinotecan,
fluorouracil, and leucovorin (FOLFIRINOX) or
gemcitabine  plus  nab-paclitaxel (GEM-
NAB).!112 Indeed, both regimens have shown
significantly improved OS, progression-free sur-
vival, and response rates as compared with gem-
citabine (GEM) alone as first-line therapy in
patients with metastatic PDAC.!112 No rand-
omized phase III study neither compared
FOLFIRINOX wversus GEM-NAB directly, but
retrospective studies showed a trend toward
greater OS in  patients treated with
FOLFIRINOX.13:14 Recently, the first results of
NALIRIFOX versus GEM-NAB, presented dur-
ing ASCO congress, reported OS in favor of
NALIRIFOX.!> These data are opposed to other
phase III recent trial, stopped for futility, showing
asignalinfavor of GEM-NAB over FOLFIRINOX
regimen.1©

These data do not argue for a reimbursement of
GEM-NAB in first line in France. Recommended
second-line chemotherapy strategies can strongly
vary after failure of FOLFIRINOX, mostly
according to patient’s performance status and
comorbidities. In some centers, if patients cannot
be enrolled in clinical trials, GEM alone or GEM-
NAB are widely used in these settings.!® However,
even if generic GEM-NAB is now available in
France, it is not covered by the French national
healthcare insurance but must be entirely afforded
by each institution where it is administrated.
Hence, a significant heterogeneity in clinical
practices are observed among French centers.
Moreover, robust comparative data regarding
GEM-NAB benefit over GEM alone as second-
line therapy are scarce, and cost-effectiveness
analyses are lacking in this setting.

Therefore, the aim of this study was to conduct a
French multi-institutional cost-effectiveness anal-
ysis of GEM-NAB wversus GEM alone as

second-line treatment in patients with metastatic
pancreatic cancer.

Materials and methods

Study population, therapeutic features,

and follow-up

The study was retrospectively performed
between January 2015 and January 2019 in three
French institutions: one University Hospital
(Clermont-Ferrand) and two General Hospitals
(Le Puy-en-Velay and Vichy). All the unresected
metastatic PDAC consecutive patients who
received GEM-NAB (Clermont-Ferrand) or
GEM alone (Le Puy-en-Velay and Vichy) as sec-
ond-line treatment after failure of a 5-fluoroura-
cil (5-FU)-based systemic chemotherapy
regimen were included. The query was done via
our business software Chimio®. Data regarding
demographics, clinicopathologic characteristics,
therapeutic features, grade=3 adverse effects,
healthcare costs details, and survival were col-
lected. This study was approved by an independ-
ent Institutional Review Board (Comité de
Protection des Personnes Sud-Est VI, no. 2020/
CEO01).

All the cases were discussed at multidisciplinary
digestive tumor board meetings. Treatments were
tailored individually at the start of every cycles
according to patient’s status, complete physical
examination, complete blood counts, and blood
chemical tests. Patients received either a 60min
intravenous infusion of nab-paclitaxel (125 mg/m?)
followed by a 30-min infusion of GEM (1000 mg/m?2)
on day 1, 8, 15 and every 4weeks, or an intrave-
nous infusion of GEM (1000 mg/m?) on day 1, 8,
15 every 4weeks or weekly for 7 of 8weeks.
Treatments were pursued until disease progres-
sion, unacceptable level of adverse events, or
patient’s treatment refusal. Patients were fol-
lowed with a complete physical examination and
various blood tests at each visit, tumor response
was assessed every 3 months with a cross-sectional
imaging and they were followed until death.

Cost-effectiveness analysis

This study was conducted according to the guide-
lines on cost-effectiveness analyses from the
French National Authority for Health,!7-18 from
the French national healthcare insurance per-
spective. Due to the short reported median sur-
vival with GEM-NAB or GEM alone as
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second-line chemotherapy for metastatic or
locally advanced PDAC, ranging from 3 to
12months,1%20 the model considered a 2-year
lifetime time horizon and no discount rates were
applied according to the French guidelines.18:21

The primary endpoint was the OS expressed in
months, calculated from the date of the first sec-
ond-line chemotherapy administration to death,
all causes of death combined.

Only direct (medical and non-medical) costs have
been considered for this analysis. Indeed, indirect
costs were deemed insignificant because of the
short reported median survival in these patients
who mostly already stopped working due to the
disease. The direct costs were established by an
expert panel including medical oncologists, sur-
geons, pharmacists, and health economists. Seven
relevant cost categories were identified: outpa-
tient chemotherapy administration, prevention
and treatment of adverse effects, blood tests,
cross-sectional imaging and other exams per-
formed during treatment, home-based cares,
readmission, and medical transportation. Costs
were expressed in euros (reference year 2020).
The CHEERS 2022 methodological standard
checklist was used (Supplemental File 1).

Because nab-paclitaxel is still not included in a
French public diagnosis related group and must
be entirely afforded by each institution, the analy-
sis was performed from the French national
healthcare insurance perspective, thus excluding
its cost. Its impact on the cost-effectiveness ratio
has been analyzed separately. The exact number
of units per patient has been determined accord-
ing to the posology and multiplied by its unit pur-
chase price. Unit prices of drugs were obtained
from wholesale price lists from official tariffs
(http://www.ameli.fr). The cost of chemotherapy
sessions was taken from the ‘national cost study’
(https://www.atih.sante.fr/) with a homogeneous
patient group code entitled ‘Chemotherapy for
tumor, in sessions’ and procedure code number
287077 (April 2019), that is, a cost of €383. The
costs of biological screening were taken from the
French nomenclature of acts of medical biology
(version 53, April 2019). The costs of imaging
examinations were taken from the Common
Classification of Medical Acts (version 58, July
2019). The costs of home care were based on the
general classification system for the professional
activities of doctors, dental surgeons (version
dated 1 July 2019). The costs of readmissions

were calculated using an analytical query based
on the hospital accounting reprocessing system,
carried out by the financial departments of each
hospital to obtain an average cost per department
and per year. Travel costs were calculated by kilo-
metric rate, applicable to the distance traveled
from the place of departure to the place of arrival,
after deduction of the first 3km included in the
departmental flat rate (http://www.ameli.fr). The
choice was made to retain only nab-paclitaxel as
additional cost of treatment, GEM being dis-
pensed in the two groups. Even if the dose of
GEM is slightly different between the groups, its
cost is not significant compared to nab-paclitax-
el’s one, and is not decisive in the therapeutic
decision.

The result is calculated in the form of an incre-
mental cost-effectiveness ratio expressed in euros
per life-year gained, calculated according to the
following formula22: difference in cost between
the two groups divided by the difference in
median OS between the two groups multiplied by
12 (to have an annual indicator).

A deterministic univariate sensitivity analysis was
simultaneously conducted to test the robustness
of the results, in order to limit the effects of uncer-
tainty on the economic model. This analysis con-
sisted of varying all the cost item amounts by
20%, in other words by increasing or decreasing
them by 20%, to see if the results found differed
according to these changes.

Statistical analysis

Statistical analyses were performed using Stata
software (version 15; StataCorp, College Station,
TX, USA). All tests were two-sided, with an
alpha level set at 5%. Categorical data are pre-
sented as the number of patients and associated
percentages, and continuous dataas mean * stand-
ard deviation or median [25th; 75th percentiles].
Baseline comparisons of GEM-NAB and GEM
groups were made by the Chi-squared test or the
Fisher’s exact test for categorical variables, and
by the Student’s ¢ test or the Mann—Whitney U
test for continuous variables. Censored data (OS)
were estimated using the Kaplan—Meier method,
and the groups were compared by Cox model,
considering the institution as a random effect.
Factors associated with OS were also studied with
Cox model: (i) univariate analysis, and (ii) analy-
sis adjusted for the treatment received (GEM-
NAB or GEM). The results are expressed as
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hazard ratios (HR) and 95% confidence interval
(CI). The patients were also compared according
to their OS (=3 wersus 3—10 versus =10 months)
with ordinal mixed effect logistic regressions. The
proportion of each cost category was calculated
for each patient and compared between the two
groups using linear mixed models, considering
the institution as a random effect. Logarithmic
transformations were applied when necessary to
achieve a normal distribution.

Results

Patient’s characteristics, treatments features,

and adverse events

Seventy-two consecutive patients received GEM-
NAB or GEM alone as second-line treatments
after failure of a 5-FU-based systemic chemother-
apy regimen for unresected metastatic PDAC
between January 2015 and January 2019, in three
institutions. Thirty-six patients were included in
each group. Age, sex, comorbidities, Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status, location of PDAC, metastatic sites,
and type of previous 5-FU-based first-line chem-
otherapy regimen were comparable between the
two groups. More patients received full dose of
chemotherapy in the GEM group than in the
GEM-NAB group (75.0% versus 50.0%, p=0.03).
The data concerning adverse events could be
recorded for all the patients. No treatment-related
deaths were observed. The occurrence of
grade = 3 hematological adverse events was com-
parable between the two groups. However,
grade=3 non-hematological adverse events
seemed more frequent in patients treated with
GEM-NAB, especially sensory neuropathies
(19.4% wversus 0.0%, p=0.01). Patient’s charac-
teristics, treatments features, and chemotherapy
adverse events are summarized in Table 1.

0S analysis

The OS was significantly improved in patients
receiving GEM-NAB (HR: 0.54, 95% CI: 0.38—
0.77, p=0.001), with a median OS of 6.2 months
(versus 4.1months in patients receiving GEM
alone) (Figure 1).

Regardless the type of second-line chemotherapy
regimen, factors associated with longer OS were
male sex, ECOG performance status equal to zero,
absence of insulin-dependent diabetes, presence of

dyslipidemia, and absence of peritoneal metastases
(Table 2). After adjustment for the treatment
received (GEM-NAB or GEM), factors associated
with longer OS were ECOG performance status
equal to zero, absence of insulin-dependent diabe-
tes, and presence of dyslipidemia.

When comparing patients according to their OS
(=3 versus 3—10 versus =10months), ECOG=1
and the administration of GEM alone are signifi-
cantly associated with a shorter OS (Supplemental
File 2).

Health costs analysis

The overall health costs were €796,349 and
€671,364 for the GEM-NAB and the GEM
groups, respectively. Thus, an additional cost of
€124,985 (€3472 per patient in average) was
observed in the GEM-NAB group. Considering
the additional cost of nab-paclitaxel itself, this
additional would have been of €284,849 (€7913
per patient in average). For both GEM-NAB
and GEM groups, most of these costs were
attributable to readmissions (56.5% and 55.9%
of the overall costs, respectively), and to outpa-
tient chemotherapy administration (19.4% and
18.9% of the overall costs, respectively) (Figure
2). More precisely, the median cost of readmis-
sions per patient was €9149 (1986; 18,088) in
the GEM-NAB group and €6830 (4538;
11,799) in the GEM group, and the median
cost of outpatient chemotherapy administration
per patient was €3447 (1724; 6320) and €2873
(1915; 4022), respectively. The others costs
(total and per patient) by category are presented
in Table 3.

Considering the costs for each patient, the median
proportions of the costs related to readmissions
were comparable between patients who received
GEM-NAB and patients who received GEM
alone [41% (21; 72) versus 51% (36; 75), respec-
tively, p=0.34]. The same was observed regard-
ing the median proportions of the costs related to
outpatient chemotherapy administration: 28%
(125 49) versus 21% (8; 35), respectively (p=0.35).
However, the costs attributable to cross-sectional
imaging and blood tests performed during treat-
ment were significantly higher in patients receiv-
ing GEM-NAB: 3% (1; 7) wversus 1% (0; 3)
(»=0.008), and 3% (2; 4) wversus 2% (1; 3)
(p=0.04), respectively. These results are summa-
rized in Figure 3.
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Table 1. Patient’s characteristics, treatment features, and chemotherapy adverse effects of patients who
received gemcitabine plus nab-paclitaxel or gemcitabine alone as second-line treatments after failure of a
5-FU-based systemic chemotherapy regimen for unresected metastatic PDAC.

Characteristics Gemcitabine + nab- Gemcitabine alone p
paclitaxel (n=36) (n=36)
Age, years 66.8+8.6 67.7+6.9 0.60
Male sex 24 (66.7) 18 (50.0) 0.15
Body mass index, kg/m? 22.7+3.8 23.0+55 0.76
Tobacco consumption 9 (25.0) 13 (36.1) 0.31
Alcohol consumption 8(22.2) 9 (25.0) 0.78
Cardiovascular risk factors 26 (72.2) 24 (66.7) 0.61
High blood pressure 21(58.3) 18 (50.0) 0.48
Insulin-dependent diabetes 2 (5.6) 3(8.3) 1.00
Non-insulin-dependent diabetes 7(19.4) 6(16.7) 0.76
Body mass index >25kg/m? 3(8.3) 7(19.4) 0.17
Dyslipidemia 10 (27.8) 5(13.9) 0.15

ECOG performance status

0 6(16.7) 9 (25.0) 0.68
1 26 (72.2) 22 (61.1)
2 4(11.1) 5(13.9)
PDAC site
Head 23 (63.9) 18 (50.0) 0.23
Body 3(8.3) 6(16.7)
Neck 5(13.9) 2(5.5)
Tail 5(13.9) 10 (27.8)

Metastatic site(s)

Liver 26 (72.2) 25 (69.4) 0.80
Lung 7(19.4) 3(8.3) 0.17
Peritoneum 4(11.1) 10 (27.8) 0.07
Other 1(2.8) 2 (5.6) 1.00

5-FU based first-line chemotherapy
FOLFIRINOX 30 (83.3) 32(88.9) 0.85
FOLFOX 1(2.8) 1(2.8)

(Continued)
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Table 1. (Continued)
Characteristics Gemcitabine + nab- Gemcitabine alone p
paclitaxel (n=36) (n=36)
FOLFIRI 5(13.9) 3(8.3)
Full dose of second-line chemotherapy 18 (50.0) 27 (75.0) 0.03
Grade =3 adverse events
Death 0(0.0) 0(0.0] NA
Hematological
Neutropenia 13 (36.1) 8(22.2) 0.20
Anemia 5(13.9) 4(11.1) 1.00
Thrombocytopenia 5(13.9) 3(8.3) 0.71
Non-hematological
Fatigue 6(16.7) 3(8.3) 0.48
Sensory neuropathy 7 (19.4) 0(0.0) 0.01
Diarrhea 2 (5.6) 0(0.0] 0.49
Vomiting 1(2.8) 0(0.0) 1.00

Data are presented as the number of patients (percentages) or mean + standard deviation. P-values in bold are <0.05.
ECOG, Eastern Cooperative Oncology Group; FOLFIRI, irinotecan, fluorouracil, and leucovorin; FOLFIRINOX, oxaliplatin,
irinotecan, fluorouracil, and leucovorin; FOLFOX, oxaliplatin, fluorouracil, and leucovorin; 5-FU, 5-fluorouracil; NA, not

applicable; PDAC, pancreatic ductal adenocarcinoma.

Cost-effectiveness analysis of GEM-NAB
chemotherapy

Considering all the patients receiving GEM-NAB
during the study period, the incremental cost-
effectiveness ratio was €724,615 by year of life
(€20,128 per patient in average) since the first
second-line chemotherapy administration.
Taking into account the cost of nab-paclitaxel,
which was afforded by each institution, this incre-
mental cost-effectiveness ratio was €1,449,231 by
year of life (€40,256 per patient in average).

To test the robustness of these results, a deter-
ministic univariate sensitivity analysis was con-
ducted, considering consensual uncertainty
values with 20% upper and lower bounds for each
cost categories (Figure 4). In the most favorable
settings, the incremental cost-effectiveness ratio
was €638,176 by year of life (€17,727 per patient
in average) since the first second-line chemother-
apy administration, so the ratio and cost per
patient are consistent with the first calculation.

Discussion

After failure of oxaliplatin- and/or irinotecan-
based chemotherapy regimens as first-line treat-
ment in patients with metastatic PDAC,
administration of GEM-NAB as a second second-
line chemotherapy is an option. Several economic
studies have been done in first line: Lazzaro er al.?
performed a cost-effectiveness analysis of GEM-
NAB compared with GEM in unresectable pan-
creatic cancer from the perspective of Italian
payers. They reported that GEM-NAB is more
cost-effective than GEM alone. Carrato et al.?*
and Gharaibeh er al.?> reported similar results. In
contrast, from the perspective of US healthcare
payers, Gharaibeh er al.?5 reported that GEM-
NAB is less cost-effective than GEM. Kurimoto
et al.?% performed trial-based cost-effectiveness
analysis in Japan. They reported that S-1 (TS-1)
and GEM-NAB was more cost-effective than both
GEM-NAB and FOLFIRINOX. Nevertheless,
this analysis used a shorter time horizon and used
median survival time instead of quality-adjusted
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Figure 1. Overall survival in patients who received gemcitabine plus nab-paclitaxel or gemcitabine alone
as second-line treatments after failure of a 5-FU-based systemic chemotherapy regimen for unresected

metastatic PDAC.

GEM, gemcitabine alone; GEM-NAB, gemcitabine plus nab-paclitaxel; OS, overall survival; PDAC, pancreatic ductal

adenocarcinoma.

Table 2. Univariate and adjusted analysis of factors associated with overall survival in patients who received
gemcitabine plus nab-paclitaxel or gemcitabine alone as second-line treatments after failure of a 5-FU based
systemic chemotherapy regimen for unresected metastatic PDAC.

Characteristics N Univariate analysis Adjusted analysis?

HR (95% Cl) P HR (95% Cl) p
Age, years 72 0.98 (0.95-1.02) 0.33 0.97 (0.93-1.01) 0.16
Sex

Female 30 Ref. Ref.

Male 42 0.64 (0.44-0.95) 0.03 0.73(0.51-1.05) 0.09
Body mass index, kg/m? 72 1.01 (0.99-1.02) 0.25 1.01(0.99-1.02) 0.08
Tobacco consumption

No 50 Ref. Ref. 0.70

Yes 22 1.17 (0.35-3.91) 0.80 1.32 (0.32-5.42)

Alcohol consumption
No 55 Ref. Ref.
Yes 17 1.21(0.69-2.12) 0.50 1.27 (0.65-2.50) 0.49
(Continued]
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Table 2. (Continued)
Characteristics N Univariate analysis Adjusted analysis?®
HR (95% Cl) p HR (95% Cl) P
Cardiovascular risk factors
High blood pressure
No 58 Ref. Ref.
Yes 39 0.80 (0.60-1.06) 0.12 0.78(0.57-1.07) 0.12
Insulin-dependent diabetes
No 67 Ref. Ref.
Yes 5 3.11 (2.14-4.52) <0.001 3.22 (2.20-4.72) <0.001
Non-insulin-dependent diabetes
No 59 Ref. Ref.
Yes 13 1.22(0.67-2.23) 0.51 1.17 (0.62-2.23) 0.63
BMI >25kg/m?
No 62 Ref. Ref.
Yes 10 1.42 (0.87-2.33) 0.16 1.31(0.63-2.71) 0.47
Dyslipidemia
No 57 Ref. Ref.
Yes 15 0.72 (0.72-0.73) <0.001 0.80 (0.67-0.95) 0.01
ECOG performance status
0 15 Ref. Ref.
1 48 1.83 (1.22-2.76) 0.004 2.05(1.14-3.68) 0.02
2 9 2.63(2.11-3.28) <0.001 3.14 (2.19-4.49) <0.001
PDAC site
Head 41 Ref. Ref.
Body 9 0.58 (0.27-1.26) 0.17 0.50 (0.23-1.05) 0.07
Neck 7 0.70 (0.46-1.07) 0.10 0.81(0.43-1.54) 0.53
Tail 15 1.45 (0.82-2.58]) 0.21 1.28 (0.65-2.54) 0.47
Metastatic site(s)
Liver
No 21 Ref. Ref.
Yes 51 0.92(0.81-1.06) 0.25 0.90 (0.72-1.13) 0.38
[Continued]
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Table 2. (Continued)

Characteristics N Univariate analysis Adjusted analysis?
HR (95% Cl) P HR (95% Cl) p

Lung

No 62 Ref. Ref.

Yes 10 0.87 (0.74-1.02) 0.08 1.03 (0.72-1.46) 0.89
Peritoneum

No 58 Ref. Ref.

Yes 14 1.34 (1.12-1.61) 0.002 1.17 (0.80-1.70) 0.43
Other

No 69 Ref. Ref.

Yes 3 0.86 (0.37-2.02) 0.73 0.89 (0.44-1.82) 0.76

2Analysis adjusted for the treatment received (gemcitabine plus nab-paclitaxel or gemcitabine alone). P-values in bold
are <0.05.

Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; 5-FU, 5-fluorouracil; HR, hazard ratio; PDAC,
pancreatic ductal adenocarcinoma; Ref., reference.

100%
> 90% OMedical transportation
o
(o2 0
% 80% B Readmission
o 70%
[72]
S 60% OHome-based cares
S 50%
S ° B Cross-sectional imaging
5 40% and other exams
[
S 30% 3.1% OBlood tests
‘g 2 2.10/0 1.80/0
a 20% .
9] OPrevention and treatment
o 10% of adverse effects

0% m Qutpatient chemotherapy
GEM-NAB GEM administration
(€796,349) (€671,364)

Figure 2. Proportion of each cost category to the total cost of each group.
The additional cost of nab-paclitaxel (in the GEM-NAB group) is not included.
GEM, gemcitabine alone; GEM-NAB, gemcitabine plus nab-paclitaxel.

life years as the outcome of effectiveness. Robust In this study, a significant improved OS was
comparative data regarding cost-effectiveness observed in patients receiving GEM-NAB as sec-
analyses are lacking in PDAC patients.27-28 ond-line therapy. Grade=3 non-hematological
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Table 3. Total costs and costs per patient (in euros).

Total costs Costs per patient

GEM-NAB (n=36) GEM (n=36) GEM-NAB (n=36) GEM (n=36)
All health costs 796,349 671,364 17,103 (9484; 26,831) 14,302 (8769; 21,944)
Outpatient chemotherapy 154,732 126,773 3447 (1724; 6320) 2873 (1915; 4022)
administration
Prevention and treatment of 51,236 43,039 649 (109; 1732) 755 (111; 1397)
adverse effects
Blood tests 16,519 11,827 386 (231; 704) 290 (174; 375)
Cross-sectional imaging and other 45,292 20,916 382 (164; 1115) 141 (10; 498)
exams
Home-based cares 76,227 85,806 332 (103; 668]) 233 (64; 1394)
Readmission 449,878 375,331 9149 (1986; 18,088) 6830 (4538; 11,799)
Medical transportation 2465 7672 0(0; 82) 50 (0; 242)

The additional cost of nab-paclitaxel (in the GEM-NAB group) is not included. Costs per patient are presented as median (25th; 75th percentiles).
GEM, gemcitabine alone; GEM-NAB, gemcitabine plus nab-paclitaxel.

Figure 3. Proportion of each cost category to the total cost of each patient.
The additional cost of nab-paclitaxel (in the GEM-NAB group) is not included.

AE, prevention and treatment of adverse effects; Blood, blood tests; Chemo, outpatient chemotherapy administration; GEM,
gemcitabine alone; GEM-NAB, gemcitabine plus nab-paclitaxel; Home, home-based cares; Imag, cross-sectional imaging
and other exams; Readmi, readmission; Trans, medical transportation.
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cost-effectiveness analysis shown an incremental
cost-effectiveness ratio of €20,128 by year of life
for each patient treated with GEM-NAB since

adverse events were more frequent in patients
treated with GEM-NAB. From the French
national healthcare insurance perspective, the
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Figure 4. Sensitivity analysis of the cost-effectiveness ratio.

This graph represents the effect of the variation of +20% of each cost category. For example, if the cost of readmission
increases by 20%, the cost-effectiveness ratio increases by €86,439, which means that the ratio is even more unfavorable for
the GEM-NAB group (because the cost of readmissions was already higher in the GEM-NAB group). At the contrary, if the
cost of home-based cares increases by 20%, the cost-effectiveness ratio decreases by €11,107, which means that the ratio is
a little more favorable for the GEM-NAB group (because the cost of home-based cares was higher in the GEM group).

the first second-line chemotherapy administra-
tion, which is increased to €40,256 by year of life
for each patient when taking into account the cost
of nab-paclitaxel itself. Without counting the
additional cost of the nab-paclitaxel itself, extra
costs were mainly attributable to more blood tests
and cross-sectional imaging performed in patients
treated with GEM-NAB, probably due to the
management of more adverse events in these
patients.

To the best of our knowledge, this is the first cost-
effectiveness study carried out on patients who
received either GEM-NAB or GEM as a second-
line chemotherapy for metastatic PDAC after
failure of an oxaliplatin- and/or irinotecan-based
first-line regimen. It was performed on compara-
ble groups, including comprehensive data collec-
tion and deterministic sensitivity analyses. In
carrying out this study, however, the authors were
confronted with limitations specific to retrospec-
tive medico-economic studies. First, it was diffi-
cult to obtain a population corresponding to the
‘GEM/GEM-NAB?’ inclusion criteria for second-
line post-5-fluorouracil treatment. Second, it is
always more difficult to retrieve economic data
retrospectively than with clinical data, which are
often well documented in patients’ medical
records. The person who carried out the data col-
lection spent a great deal of time collecting data.
Finally, because of the retrospective nature of the
study, it was impossible to work on quality of life.

In this study, the unfavorable incremental cost-
effectiveness ratio with the addition of nab-pacli-
taxel to GEM makes this strategy non-cost-effective
from the French national healthcare insurance
perspective. Therefore, these results support the
absence of nab-paclitaxel costs coverage by the
French national healthcare insurance, costs which
must be entirely afforded by each institution.
Nowadays, the great debate is whether the addi-
tional cost induced by GEM-NAB (€25k per
patient per year of life gained) for the institutions
that dispense it is not too substantial in view of the
benefits (a gain of 2months of OS, and an
increased rate of non-hematological adverse
events of grade = 3). This debate refers to the con-
cept of the cost of human life, in other words the
price that individuals are willing to pay to obtain a
reduction in their probability of death and to the
notion of the responsibility of the public decision-
maker, who before committing the resources of
the community must be sure that there is no more
efficient therapeutic option.?® These human life
value data are generally unknown and subjective.
Several statistical methods have been used to
approach them.3® Among them is the Human
Capital method where the value of the individual
for the community is related to his contribution to
the world’s gross domestic product, which is the
most commonly used indicator of national wealth.
In practice, this method is highly criticized because
it is reductive and induces an underestimation
bias. Other solutions such as revealed preference
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or contingent valuation methods provide more
complete estimates of the value of human life, but
due to the strong assumptions that weigh on these
models (rationality of individuals, complete infor-
mation, etc.) these solutions pose methodological
problems.2%31

To help answer this crucial question, which obvi-
ously also implies both human and ethics consid-
erations besides medico-economic aspects in
these patients with limited life expectancy and no
efficient alternative therapeutics, quality of life
assessment should be included in such analysis.
Further prospective studies on this topic are thus
needed to better precise both cost-utility and
cost-effectiveness of the addition of nab-paclitaxel
to GEM in this setting, probably using more
complete composite criteria of effectiveness,
including both survival and quality of life.
However, the concept of cost-effectiveness
remains unclear in the settings of more efficient
but more expensive therapeutics, depending on
both individual and collective willingness to pay
for a treatment and/or some survival gain.32:33 In
addition, other items were missing like the use of
granulocyte growth factors, usually being pre-
scribed in primary prevention for GEM-NAB
treated patients, which could make worst the cost
analysis of GEM-NAB group of patients. Current
prospective studies should probably associate
such medico-economic approaches in ancillary
endpoints, in order to better address these ques-
tions. All French healthcare establishments are
faced with the same issues when it comes to
GEM-NAB treatment, since this is a costly treat-
ment that is not supported by the health insur-
ance system. The results of this study provide
useful information for public decision-makers,
who must choose to optimize clinical decisions
given the limited resources at their disposal.
These results can therefore be used by healthcare
establishments in the regional area covered by the
study, as well as at national level.

Conclusion

Even if this study confirmed an improved OS in
patients treated with GEM-NAB compared
with GEM for metastatic pancreatic cancer, the
unfavorable incremental cost-effectiveness ratio
with the addition of GEM-NAB makes this
strategy non-cost-effective from the French
national healthcare insurance perspective. The
additional costs linked to the management of
more severe adverse events in these patients

mainly explained this result. If considered, the
addition of nab-paclitaxel could probably be
reserved for patients with ECOG performance
status equal to zero without advanced peritoneal
metastases. However, further prospective stud-
ies are needed to better precise both cost-utility
and cost-effectiveness of the addition of nab-
paclitaxel, probably using composite criteria of
effectiveness, including both survival and qual-
ity of life.

Declarations

Ethics approval and consent to participate

This study was approved by an independent
Institutional Review Board (Comité de Protection
des Personnes Sud-Est VI, no. 2020/CEO01). In
accordance with the regulations governing studies
outside the Jardet Law, participants were
informed about the study, the possibility of par-
ticipating with the use of their medical data for
research purposes, and their right of withdrawal.
They were given the opportunity to express their
opposition to participation.

Consent for publication
Not applicable.

Author contributions
Amaury Demaziere: Conceptualization; Data
curation; Formal analysis;  Investigation;

Methodology; Writing — original draft; Writing —
review & editing.

Charline Mourgues: Conceptualization;
Investigation; Methodology; Validation; Writing
— original draft; Writing — review & editing.

Céline Lambert: Conceptualization; Data cura-
tion; Formal analysis; Methodology; Software;
Writing — original draft; Writing — review &
editing.

Sophie Trevis: Investigation;  Software;
Visualization; Writing — original draft; Writing —
review & editing.

Hélene Bertucat: Investigation; Methodology;
Writing — original draft; Writing — review &
editing.

Isabelle Grange: Investigation; Methodology;
Project administration; Writing — original draft;
Writing — review & editing.

Denis Pezet: Conceptualization; Methodology;
Project administration; Supervision; Validation;

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

A Demaziere, C Mourgues et al.

Writing — original draft; Writing — review &
editing.

Valérie Sautou: Conceptualization; Formal
analysis; Investigation; Methodology; Project
administration; Software; Supervision; Validation;
Visualization; Writing — original draft; Writing —
review & editing.

Marine Jary: Investigation; Methodology;
Validation; Visualization; Writing — original draft;
Writing — review & editing.

Johan Gagniére: Conceptualization; Formal
analysis; Investigation; Methodology; Validation;
Writing — original draft; Writing — review &
editing.

Acknowledgements

We would like to thank all the study participants
for their contribution to this research project,
which would not have been possible without
them.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials

All the data used have been presented in the
Results section of the manuscript. Readers requir-
ing further information on the data and their
availability should contact the corresponding
author.

ORCID iDs
Amaury  Demaziere
0009-0008-1550-7580

https://orcid.org/

Charline Mourgues https://orcid.org/0000-

0003-0357-3595

Supplemental material
Supplemental material for this article is available
online.

References
1. Siegel R, Naishadham D and Jemal A. Cancer
statistics, 2013. CA Cancer ¥ Chin 20135 63: 11-30.

10.

11.

12.

13.

Malvezzi M, Bertuccio P, Levi F, et al. European
cancer mortality predictions for the year 2014.
Ann Oncol 20145 25: 1650-1656.

Bouvier D, Balayssac D, Durif ], ez al. Assessment
of the advantage of the serum S100B protein
biomonitoring in the management of paediatric
mild traumatic brain injury-PROS100B: protocol
of a multicentre unblinded stepped wedge cluster
randomised trial. BM¥ Open 2019; 9: €027365.

Defossez G, Le Guyader-Peyrou S, Uhry Z,

et al. Estimations nationales de I’incidence et de
la mortalité par cancer en France métropolitaine
entre 1990 et 2018 — Tumeurs solides: Etude

a partir des registres des cancers du réseau
Francim [Internet], p. 372. Report No.: Volume
1 Tumeurs solides. Disponible sur: https://
www.santepubliquefrance.fr/import/estimations-
nationales-de-l-incidence-et-de-la-mortalite-par-
cancer-en-france-metropolitaine-entre-1990-
et-2018-tumeurs-solides-etude-a-partir (2019,
accessed 22 June 2023).

Ferlay ], Partensky C and Bray F. More deaths
from pancreatic cancer than breast cancer in the
EU by 2017. Acta Oncol 20165 55: 1158-1160.

Rahib L, Smith BD, Aizenberg R, ez al.
Projecting cancer incidence and deaths to 2030:
the unexpected burden of thyroid, liver, and
pancreas cancers in the United States. Cancer Res
2014; 74: 2913-2921.

. LiD, Xie K, Wolff R, ez al. Pancreatic cancer.

Lancet 20045 363: 1049-1057.

Jemal A, Siegel R, Ward E, er al. Cancer
statistics. CA Cancer F Clin 2008; 58: 71-96.

Cowppli-Bony A, Uhry Z, Guizard V, et al.
Survie des personnes atteintes de cancers solides
en France métropolitaine, 1989-2013. Rev
Epidemiol Sante Publiqgue 20165 64: S201-S202.

Neuzillet C, Gaujoux S, Williet N, ez al.
Pancreatic cancer: French clinical practice
guidelines for diagnosis, treatment and follow-up
(SNFGE, FFCD, GERCOR, UNICANCER,
SFCD, SFED, SFRO, ACHBT, AFC). Dig Liver
Dis 2018; 50: 1257-1271.

Conroy T, Desseigne F, Ychou M, er al.
FOLFIRINOX wversus gemcitabine for metastatic
pancreatic cancer. N Engl ¥ Med 2011; 364:
1817-1825.

Von Hoff DD, Ervin T, Arena FP, et al.
Increased survival in pancreatic cancer with nab-
paclitaxel plus gemcitabine. N Engl ¥ Med 2013;
369: 1691-1703.

Willett M]J, Siebertz M, Petzke F, er al. The
extent of pain is associated with signs of central
sensitization in patients with hip osteoarthritis.
Pain Pract 20205 20: 277-288.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0009-0008-1550-7580
https://orcid.org/0009-0008-1550-7580
https://orcid.org/0000-0003-0357-3595
https://orcid.org/0000-0003-0357-3595
https://www.santepubliquefrance.fr/import/estimations-nationales-de-l-incidence-et-de-la-mortalite-par-cancer-en-france-metropolitaine-entre-1990-et-2018-tumeurs-solides-etude-a-partir
https://www.santepubliquefrance.fr/import/estimations-nationales-de-l-incidence-et-de-la-mortalite-par-cancer-en-france-metropolitaine-entre-1990-et-2018-tumeurs-solides-etude-a-partir
https://www.santepubliquefrance.fr/import/estimations-nationales-de-l-incidence-et-de-la-mortalite-par-cancer-en-france-metropolitaine-entre-1990-et-2018-tumeurs-solides-etude-a-partir
https://www.santepubliquefrance.fr/import/estimations-nationales-de-l-incidence-et-de-la-mortalite-par-cancer-en-france-metropolitaine-entre-1990-et-2018-tumeurs-solides-etude-a-partir
https://www.santepubliquefrance.fr/import/estimations-nationales-de-l-incidence-et-de-la-mortalite-par-cancer-en-france-metropolitaine-entre-1990-et-2018-tumeurs-solides-etude-a-partir

THERAPEUTIC ADVANCES in

Volume 16

Visit Sage journals online
journals.sagepub.com/
home/tam

S Sage journals

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Patel T, Miccio J, Cecchini M, et al. Clinical
outcomes of first line FOLFIRINOX vs.
gemcitabine plus nab-paclitaxel in metastatic
pancreatic cancer at the Yale Smilow Hospital
System. ¥ Gastrointest Oncol 20215 12: 2547—
2556.

Wainberg ZA, Melisi D, Macarulla T,

et al. NALIRIFOX wversus nab-paclitaxel and
gemcitabine in treatment-naive patients with
metastatic pancreatic ductal adenocarcinoma
(NAPOLI 3): a randomised, open-label, phase 3
trial. Lancer 2023; 402: 1272—-1281.

Ohba A, Ozaka M, Ogawa G, et al. ESMO®
2023, Abs #16160. Pancreatic cancer, results
from the JCOG1611-GENERATE trial.
Disponible sur. https://dailyreporter.esmo.org/
esmo-congress-2023/gastrointestinal-cancers/
triplet-therapy-does-not-outperform-doublet-
treatment-first-line-in-metastatic-pancreatic-
cancer (2023, accessed 13 November 2023).

Haute Autorité de Santé. Choix
méthodologiques pour I’évaluation économique
a la HAS [Internet], https://www.has-sante.fr/
jems/r_1499251/fr/choix-methodologiques-pour-
l-evaluation-economique-a-la-has (accessed 10
November 2020).

HAS: Haute Autorité de Santé. Guide
méthodologique pour ’evaluation economique a
la HAS [Internet], 2020.

Nguyen KT, Kalyan A, Beasley HS, ez al.
Gemcitabine/nab-paclitaxel as second-line
therapy following FOLFIRINOX in metastatic/
advanced pancreatic cancer-retrospective analysis
of response. ¥ Gastrointest Oncol 2017; 8: 556—
565.

Sarabi M, Mais L, Oussaid N, ez al. Use of
gemcitabine as a second-line treatment following
chemotherapy with FOLFIRINOX for metastatic
pancreatic adenocarcinoma. Oncol Lerr 2017; 13:
4917-4924.

Drummond MF, O’brien BJ, Stoddart GL,
et al. Méthodes d’evaluation economique des
programmes de santé. Economica 2003.

Chauvin P, Josselin JM, Grolier J, ez al. Bases
théoriques des études cott-efficacité en
médecine. Acta Endosc 2010; 40: 183-186.

Lazzaro C, Barone C, Caprioni F, et al. An
Italian cost-effectiveness analysis of paclitaxel
albumin (nab-paclitaxel) + gemcitabine vs

24.

25.

26.

27.

28.

29.

30.

32.

33.

gemcitabine alone for metastatic pancreatic
cancer patients: the APICE study. Expert Rev
Pharmacoecon Outcomes Res 2018; 18: 435-446.

Carrato A, Garcia P, Lopez R, er al. Cost-utility
analysis of nanoparticle albumin-bound paclitaxel
(nab-paclitaxel) in combination with gemcitabine
in metastatic pancreatic cancer in Spain: results
of the PANCOSTABRAX study. Expert Rev
Pharmacoecon Outcomes Res 20153 15: 579-589.

Gharaibeh M, McBride A, Bootman JL,, ez al.
Economic evaluation for the US of nab-paclitaxel
plus gemcitabine versus FOLFIRINOX versus
gemcitabine in the treatment of metastatic
pancreas cancer. ¥ Med Econ 2017; 20: 345-352.

Kurimoto M, Kimura M, Usami E, ez

al. Comparing the cost-effectiveness of
FOLFIRINOZX, nab-paclitaxel plus gemcitabine,
gemcitabine and S-1 for the treatment of
metastatic pancreatic cancer. Mol Clin Oncol
2017; 7: 125-130.

Nerich V, Saing S, Gamper EM, et al. Cost-
utility analyses of drug therapies in breast cancer:
a systematic review. Breast Cancer Res Trear 2016;
159: 407-424.

Haute Autorité de Santé H. Valeurs de référence
pour I’évaluation économique en santé [Internet],
https://www.has-sante.fr/upload/docs/application/
pdf/2014-12/fiche_synthese_vf.pdf (2014,
accessed 22 June 2023).

Baumstark L, Carrére MO and Rochaix L.
Mesures de la valeur de la vie humaine. Usages et
enjeux compares dans les secteurs de la santé et
des transports. Les Tribunes de la Santé 2008; 21:
41-55.

Viscusi WK. Fatal tradeoffs: public and private
responsibilities for risk. New York: Oxford
University Press, 1992, p. 306.

. O’Brien B and Gafni A. When do the ‘dollars’

make sense? Toward a conceptual framework for
contingent valuation studies in health care. Med
Decis Making 1996; 16: 288—-299.

Gafni A. Willingness to pay in the context of an
economic evaluation of healthcare programs:
theory and practice. Am ¥ Manag Care 1997; 3:
S21-S32.

Mason H, Baker R and Donaldson C.
Willingness to pay for a QALY: past, present and
future. Expert Rev Pharmacoecon Outcomes Res
2008; 8: 575-582.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://dailyreporter.esmo.org/esmo-congress-2023/gastrointestinal-cancers/triplet-therapy-does-not-outperform-doublet-treatment-first-line-in-metastatic-pancreatic-cancer
https://dailyreporter.esmo.org/esmo-congress-2023/gastrointestinal-cancers/triplet-therapy-does-not-outperform-doublet-treatment-first-line-in-metastatic-pancreatic-cancer
https://dailyreporter.esmo.org/esmo-congress-2023/gastrointestinal-cancers/triplet-therapy-does-not-outperform-doublet-treatment-first-line-in-metastatic-pancreatic-cancer
https://dailyreporter.esmo.org/esmo-congress-2023/gastrointestinal-cancers/triplet-therapy-does-not-outperform-doublet-treatment-first-line-in-metastatic-pancreatic-cancer
https://dailyreporter.esmo.org/esmo-congress-2023/gastrointestinal-cancers/triplet-therapy-does-not-outperform-doublet-treatment-first-line-in-metastatic-pancreatic-cancer
https://www.has-sante.fr/jcms/r_1499251/fr/choix-methodologiques-pour-l-evaluation-economique-a-la-has
https://www.has-sante.fr/jcms/r_1499251/fr/choix-methodologiques-pour-l-evaluation-economique-a-la-has
https://www.has-sante.fr/jcms/r_1499251/fr/choix-methodologiques-pour-l-evaluation-economique-a-la-has
https://www.has-sante.fr/upload/docs/application/pdf/2014-12/fiche_synthese_vf.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2014-12/fiche_synthese_vf.pdf
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

