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ABSTRACT

Objectives: In advanced cancers, healthcare resource utilization (HCRU) and costs usually increase until
death. However, few studies have measured HCRU over time in patients treated with immunothera-
pies. The objective was to describe the evolution of HCRU and costs over four years for patients with
advanced non-small cell lung cancer (aNSCLC) initiating nivolumab.

Materials and methods: Based on the French hospital reimbursement database, all aNSCLC patients ini-
tiating nivolumab in the 2nd line or later in 2015 or 2016 were followed until 2019. HCRU (including hos-
pitalizations and hospital visits) and costs (payer perspective) were described annually after nivolumab
initiation. Trends in HCRU were analyzed with the Mann-Kendall test. As most patients did not reach the
four-year follow-up, cost-analysis was performed without adjustment throughout, without adjustment in
uncensored cases only or with adjustment using for all patients using the Bang&Tsiatis method.

Results: 10,452 patients initiating nivolumab were evaluated. The percentage of patients hospitalized
or with hospital visits decreased (p <.001) over the four-year follow-up with the exception of consulta-
tions. The number of hospital visits per patient decreased from 23.3 in Y1 to 13.2 in Y4 without adjust-
ment and 18.3 with adjustment (p <.001). The overall hospitalization duration per patient (days)
decreased from 36.0 (Y1) to 14.9 (Y4-unadjusted) and 20.5 (Y4-adjusted) (p <.001). Annual per capita
costs also decreased. The method without adjustment provided the lowest cost over time (€44,404
(Y1), €32,206 (Y2); €28,552 (Y3); €18,841(Y4)) while the Bang&Tsiatis method presented the highest
cost (€45,002 (Y1), €36,330 (Y2); €35,080 (Y3); €28,931 (Y4)).

Conclusion: HCRU and costs for NSCLC patients treated with nivolumab decreased over time. Cost
estimates are dependent on the statistical method used to take into account uncertainty, but costs
decreased over time whatever the method used.
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1. Introduction with chemotherapy. These treatments have demonstrated a
long-term survival benefit in second-line therapy with a sur-
vival rate of 13.4% for nivolumab at five years compared to
2.6% for docetaxel®.

Cancer is the second most expensive disease in France
after psychiatric disorders, corresponding to 16.3 billion
euros in 2018, representing 11.5% of total health expenditure

annually. Lung cancer is the second most expensive cancer

Lung cancer is one of the most frequently diagnosed cancers
in Europe, with 470,000 new cases documented in 2018, and
is the most frequent cause of death from cancer'. Around
50,000 new patients are diagnosed with lung cancer in
France every year, of whom 85% present with non-small cell
lung cancer (NSCLC). A majority of patients are diagnosed

with advanced or metastatic disease and thus have a poor
prognosis>>.

Since 2015, immune checkpoint inhibitors (ICl), such as
nivolumab, atezolizumab and pembrolizumab, have become
the standard of care in advanced disease, originally in
second-line after platinum-based chemotherapy and, more
recently, also in first-line as monotherapy or in combination

after breast cancer, accounting for 1.8 billion euros of
expenditure in 2018, The management cost ranged between
€20 and €27,000 per patient with advanced disease in 2004,
before the introduction of immunotherapies®.

To date, most economic studies of aNSCLC have focused
on cytotoxic chemotherapies and have reported healthcare
resource utilization (HCRU) data on the number and duration
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of hospitalizations, as well as the annual cost of hospitaliza-
tion per patient. These outcomes have been evaluated by
cancer stage, treatment line or country’®, Data also suggests
that, for patients treated with cytotoxic chemotherapy, costs
usually increase over treatment lines until death®. However,
there is little information on how costs evolve over time as
the nature and intensity of care change across disease man-
agement, especially for patients treated with ICls. With
respect to ICls, only short-term data (i.e. from 1 to 4years)
on HCRU is available, comparing the three licensed ICls
(pembrolizumab, nivolumab and atezolizumab) with each
other or with cytotoxic chemotherapy and did not explore
how costs varied over the years'®"". However, the long-term
evolution of costs in patients treated with ICls is expected to
differ from patients receiving chemotherapy, since more
patients achieve a sustained partial or complete response'2.
In addition, the tolerability profile differs between ICIs and
chemotherapy (both in terms of the nature and the severity
of adverse events), as does the impact on quality of life'>.
Consequently, HCRU and costs for patients treated with ICls
such as nivolumab may decrease over time.

The French National Health Data System (SNDS, Systeme
National des Données de Santé) collates individual patient
health and reimbursement data for more than 99% of the
French population, covering both hospital and community
care and both the public and private sectors. The SNDS uses
a unique and anonymous patient identifier so that individual
patients can be followed over their lifetime. Given its
exhaustive coverage, the extensive range of HCRU data it
contains, and its information quality, this database has been
widely used for the epidemiological, burden of disease, or
economic studies'®.

The objective of this study was to describe how HCRU
and costs evolve over the four years following the initiation
of nivolumab as a second-line treatment for aNSCLC. A sec-
ondary objective was to compare different methods of cost
adjustment in the context of censored data.

2. Methods

The study was performed using data from the UNIVOC
cohort, a large cohort of 10,452 patients with NSCLC
extracted from the SNDS database'>™"".

2.1. Data sources

Data were retrospectively extracted from the SNDS, in par-
ticular the French Hospital Medical Information database
(Programme de Médicalisation des Systemes d’Information -
PMSI). The PMSI database covers the MCO sector (medicine,
surgery and obstetrics facilities), HAD (home care), SSR (fol-
low-up care and rehabilitation), ACE (outpatient hospital vis-
its), and FICHCOMP (innovative and expensive drugs cost
separately from the Disease-related group tariff or available
through early access programs). It covers all overnight, day
hospitalizations or visits in public and private French hospi-
tals'®. Each hospital stay results in a production of a standard
discharge summary (“Résumé de Sortie Standardisée” RSS)

following each visit or stay. The RSS is then anonymized to
become the RSA (“Résumé de Sortie Anonyme”). The RSA con-
tains information on patient characteristics (gender, age, resi-
dence code), the main diagnosis that led to hospital
admission, the nature of the treatment and work-up (exami-
nations) carried out, comorbidities and on complications.
Diagnoses are coded using the International Classification of
Diseases, 10" revision (ICD-10)'® either as primary- (PD: the
condition for which the patient was hospitalized), related-
(RD: any underlying condition which may have been related
to the PD), or significant associated-diagnoses (SAD: comor-
bidities or complications which may affect the course or cost
of hospitalization). For each DRG, the hospital receives a
fixed payment according to a national tariff, which is
intended to cover all hospital expenses. The type and vol-
ume of health care resources used, as well as the cost per
patient, can be collected over time, by linking all the hospital
visits and stays based on the unique patient identifier.

2.2. Identification of patients

The study design and study population of UNIVOC have
been described in previous publications'>™"” and are briefly
described below. UNIVOC is a retrospective observational
cohort of all French aNSCLC patients initiating nivolumab in
second or further lines during the early access program of
the drug (Jan-2015 - Dec-2016). Patients and data from
UNIVOC were identified and collected from the PMSI data-
base. Patients were included in the UNIVOC cohort when
they had a hospital stay mentioning lung cancer (ICD-10
code: C34*) in 2015 or 2016. All the patients were followed
until 31 December 2019 or death, if it occurred before.

2.3. Health care resources used and cost data collection

Regarding healthcare resource utilization (HCRU), the number
of times nivolumab was administered was documented from
the FICHCOMP/FICHCOMP ATU files. Hospital stays were split
into categories, namely inpatient stays with at least an over-
night spent in the hospital, home care organized by the hos-
pital (hospitalisation a domicile; HAD), one-day stays (ODS),
emergency room visits (ERV) and hospital consultations.
Inpatient stays concerned all stays with at least one night
spent in hospital, including intensive/resuscitation care, pal-
liative care, hospitalizations for lung cancer, other hospitaliza-
tions (for any causes) and rehabilitation care.

Costs are presented according to the French social secur-
ity perspective. Hospital costs were valued using the national
tariffs for each year considered, and were expressed in 2020
Euros. Tariffs included nursing care, treatments, standard
drugs, food and accommodation, and investment costs, as
well as the supplements for the intensive care unit. For pub-
lic hospitals, tariffs also covered medical and technical proce-
dures. Expensive drugs, extracted from the FICHCOMP ATU
(early access program period), were costed using the first
publicly listed price. When the purchased price presented
was superior to the tariffs, the price was limited to the tariff
price. Costs of expensive drugs after reimbursement were



extracted from the FICHCOMP. For private hospitals, costs
were estimated using the official DRG tariffs for private hos-
pitals to which physician’s fees were added (as they are not
included in DRG tariffs and are reimbursed on a fee-for-ser-
vice basis). Costs are presented as the mean cost per patient
per year of follow-up.

2.4. Study outcomes

For each year of follow-up (1°-4" year), the percentage of
patients requiring at least one visit or hospitalization was
estimated. The total number of hospital visits per patient
and per year (PPPY) was calculated, as the sum of all hospital
visits or stays whatever the duration of the stay.

Regarding the duration of hospitalization, as their respect-
ive duration differs among the different categories of visits,
the mean time spent at hospital PPPY was calculated. Data
were available in the PMSI for inpatient and home care cate-
gories, whereas hypotheses were made for the categories
without a night spent at the hospital (i.e. ODS, ERV, hospital
consultations), based on experts’ opinions (CC, JBA). We con-
sidered that a patient spent half a day at the hospital for
ODS and ERV, and two hours for hospital consultations. The
mean cost per patient and per year was calculated and
reported by category of expenses and globally, valued in
2020 Euros.

2.5. Statistical analysis

Data presentation is principally descriptive: categorical data
are expressed as proportions, whereas continuous data are
expressed as means and standard deviations (SD). Time to
treatment discontinuation (TTD), overall survival (OS) and fol-
low-up duration from nivolumab initiation was estimated
using Kaplan-Meier survival curves. Patients who survived
were considered censored at the last follow-up date (31
December 2019).

The percentage of patients making at least one visit or at
least one hospitalization stay, the mean number of visits and
the time spent at the hospital were described. Costs are pre-
sented as the mean cost per patient and per year of follow-
up. Trends over time in HCRU and costs were analyzed using
the Mann-Kendall test applied to quarterly data. Mann-
Kendall test is a non-parametric test for identifying trends in
time series data.

As some patients did not reach four years of follow-up
(i.e. patients initiating nivolumab in 2016), HCRU and costs
are censored for some patients during their last year of fol-
low-up. The cost analysis was then performed using three
different methods for censored cost data. For the base case
analysis, mean annual costs per patient were determined
using available cost data for all patients without adjustment.
Two sensitivity analyses were performed, the first without
adjustment in uncensored cases only and the second apply-
ing the Bang and Tsiatis method for all patients'®. The Bang
and Tsiatis method allows us to consider the censor in the
estimation of the cost and to avoid biased estimation
because costs occurring after censoring are unknown. This
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method is based on inverse probability weighting, to evalu-
ate the probability of a patient being censored at event
time. A brief description of each cost estimation is presented
in Supplementary Materials 1. For HCRU, no adjustment
methods were identified in the literature. To adjust HCRU for
censoring, we used two UNIVOC data extractions with differ-
ent follow-ups (up until the end of follow-up in 2018 and
2019). Consequently, in the first extraction, data were com-
plete for the first two years and censored for the third year.
In the second extraction, data were complete for the first
three years and censored for the fourth year. We compared
the estimate of HCRU for the third year between the two
extractions to assess the impact of censoring. The difference
in HCRU (expressed as a percentage) between the two
extractions was then applied to the fourth-year data to con-
trol for censoring. Statistical analyses were performed with R
software (version 4.0.4).

2.6. Ethics

The study was conducted in accordance with the
International Society for Pharmacoepidemiology (ISPE)
Guidelines for Good Pharmacoepidemiology Practices (GPP)
and applicable regulatory requirements. Since this was a
retrospective study of an anonymized database and had no
influence on patient care, ethics committee approval was not
required. The study was performed according to the MR006
guideline of the French data protection agency (Commission
Nationale de I'Informatique et des Libertés; CNIL) with respect
to the confidentiality of individual patient data.

3. Results
3.1. Study population

Overall, 10,452 patients with an advanced NSCLC who initi-
ated treatment with nivolumab between 1% January 2015
and 31°" December 2016 were identified. The mean age at
inclusion was 64 years and 71% were men. Most patients had
non-squamous aNSCLC (55.5%).

The median follow-up duration was 9.9 months [Q1=3.5;
Q3 =24.2]. The median TTD with nivolumab was 2.8 months
[Q1=14; Q3=6.6]. The median OS was 11.8months
[Q1=4.2; Q3=31.1] (Figure 1). Survival rates at 1, 2, 3 and
4 years were 49.6%, 31.0%, 22.3% and 17.6% respectively.

3.2. Healthcare resource utilization

3.2.1. Percentage of living patients with at least one hos-
pital visit or one hospitalization
The most frequently documented type of visit was ODS and
hospital consultations, with 96% of patients making an ODS
and 76% attending a consultation during the first year of
treatment. Over the follow-up period, the percentage of
patients making an ODS declined (96% in Year 1 to 68% in
Year 4 (p <.0001)), whereas the percentage of patients con-
sulting increased (76% in Year 1 to 86% in Year 4
(p <.0001)). From the second year onwards, consultations
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Figure 1. Overall survival in the study population. Data are presented as Kaplan-Meier survival curves with 95%Cls for survival estimates.
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Figure 2. Percentage of patients with at least one hospital visit or hospitalization. *Year 4 data have been adjusted using the change in use over the third year

between two years of extractions.

became the most frequent category of hospital stay. In Year
1, 47% of patients made an ERV, and this proportion then
decreased over time (Figure 2). Inpatient stays concerned
65% of patients during Year 1 and then decreased over time.
Home care only concerned 12% of patients in Year 1 and 5%
in Year 4.

3.2.2. Number of hospital visits per patient

A patient with aNSCLC initiating nivolumab made on average
of 23.3 hospital visits during the first year of treatment. This
number then decreased over time, to 21.3 visits in Year 2
and 19.7 visits in Year 3. For Year 4, the retrieved and pro-
jected mean numbers of hospital visits per patient were 13.2
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Mann-Kendall trend test p<0.001

19.7
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36 %
38 %
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2,640 1,640
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Figure 3. Mean hospital visits for all causes and per category per patient. *Year 4 has been adjusted. Of the 18.3 visits per patient, 13.2 represents the number of
hospital visits per patient (without adjustment), while 5.1 is the number of additional visits after adjustment. **Emergency visits represent: 3% year 1, 3% year 2,
3% year 3 and 3% year 4. ***Home care visits represent: 1% year 1, 1% year 2, 1% year 3, 1% year 4.

and 18.3 respectively. This decrease in the number of visits
was statistically significant over time, with and without
adjustment (p <.0001) (Figure 3).

The number of visits to PPPY tended to decrease over the
follow-up for all categories except for consultations. ODS
represented more than half of the hospital visits throughout
the follow-up period. Patients went to ODS mainly for treat-
ment administration (86% in Year 1, 85% in Year 2, 83% in
Year 3 and 82% of the visits). Consultations accounted for
the second highest number of visits to PPPY. The number of
emergency visits and home care visits PPPY was <1 through-
out the four years of follow-up (Figure 3).

3.2.3. Time spent at hospital per patient

The time spent at the hospital was 36.0 days during the first
year following nivolumab initiation, and significantly
decreased thereafter to attain 20.5days in Year 4 (p <.0001)
(Figure 4). It was mostly explained by the inpatient stays,
which contributed 63% to 57% of the time spent in the hos-
pital from Y1 to Y4, even if this proportion decreased over
time (p<.001). The second highest contribution to time
spent in the hospital came from ODS, which also decreased
over the follow-up period. Home care, consultations and ERV
represented <5days PPPY throughout the four-year follow-
up period (Figure 4).

3.3. Cost analysis

3.3.1. Main analysis
The mean cost per patient was estimated to be €44,404 in
Year 1 and €18,841 in Year 4, representing a significant

decrease over time (p <.001). In all years, drugs paid as a
surcharge on top of the DRG (i.e. expensive drugs, namely
anti-PD1, anti-PDL1, bevacizumab or pemetrexed) were the
largest cost component, representing at least 55% of the
overall cost per patient. MCO hospitalization and ODS were
the two categories with the next highest costs (Table 1).

3.4. Comparison of adjustment methods

For all the methods for cost adjustment assessed, a signifi-
cant decrease in mean cost PPPY was observed across the
follow-up period. The method without adjustment on all
patients showed the lowest cost over the four-year follow-up
period. All methods estimated a similar cost for Year 1. From
Year 2 onwards, the methods without adjustment on all
patients and on uncensored cases provided similar estimates.
In contrast, the Bang and Tsiatis method yielded a smaller
reduction in the estimated mean cost PPPY over time, from
€45,002 in Year 1 to €28,931 in Year 4 (Figure 5).

4. Discussion

This is the first study exploring HCRU and associated cost
evolution in patients with aNSCLC treated with nivolumab in
France over time. This study includes all patients initiating
nivolumab for NSCLC between 2015 and 2016. Time on treat-
ment is close to the ones observed in pivotal trials. Indeed,
in pivotal trials, the median number of doses was 6 in
CheckMate 057 and 8 in CheckMate 017. Nivolumab was
administrated every two weeks corresponding to 2.8 and
3.7 months respectively on treatment. Considering the higher
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the number of hospital visits per patient (without adjustment), while 5.6 is the number of additional visits after adjustment. **Consultations represent: 3% year 1,
4% year 2, 5% year 3, 6% year 4. ***Emergency visits represent: 1% year 1, 1% year 2, 1% year 3 and 1% year 4.

Table 1. Description of costs (€) per patient per category.

Total MCO hospitalizations  Home care Follow-up and One-day stays Systemic Consultations ~ Emergency

(inpatient) rehabilitation care treatments visits
(inpatient)

Cost (€) (SD) Cost (€) (SD) Cost (€) (SD) Cost (€) (SD) Cost (€) (SD)  Cost (€) (SD) Cost (€) (SD)  Cost (€) (SD)
Year 1 (n=10,452) 44,404 (26,894) 9,264 (10,461) 1,278 (5,631) 943 (4,268) 5,653 (4,292) 26,546 (24,006) 691 (1,232) 28 (92)
Year 2 (n=4,645) 32,206 (27,243) 6,896 (9,211) 1,074 (5,115) 1,029 (4,491) 4,692 (4,392) 17,720 (24,775) 769 (1,185) 26 (91)
Year 3 (n=2,640) 28,553 (26,289) 5,815 (9,205) 944 (5,260) 849 (3,734) 4,133 (4,340) 15,957 (22,882) 826 (1,089) 28 (86)
Year 4 (n=1,640) 18,841 (21,962) 3,485 (7,608) 506 (3,537) 404 (2,737) 2,749 (3,756) 11,116 (18,153) 568 (1,213) 17 (61)

proportion of patients with non-squamous NSCLC compared
to squamous NSCLC in our study, the time on treatment is
close to the ones in the pivotal trials.

In this real-world data analysis, we observed a decrease in
overall HCRU related to all-cause hospitalization over time,
including the percentage of patients requiring at least one
hospital stay, the mean number of hospital visits PPPY and
the time spent at the hospital PPPY. In particular, we
observed a decrease in all study outcomes over time for
inpatient stays and ODS. The only category increasing over
the follow-up was consultations, perhaps explained by a
switch from hospitalization to consultations. Patients are less
often hospitalized and stay less time at the hospital. These
results suggest less intensive management over time with
less HCRU.

Few studies have explored HCRU in aNSCLC management
and most of these have concerned chemotherapies. A study
in the Netherlands®® evaluated HCRU in 28 patients treated
with chemotherapy in second line. The mean number of

hospital visits and hospitalizations PPPY was higher than in
our study. Moreover, the length of hospitalization was
36.6 days, while in our study the maximum length of hospital
stays (including hospital visits or hospitalizations) was
36.0 days. Another study conducted in 8 European countries
estimated that patients with advanced/metastatic NSCLC
spent between 15.6 and 17.5days in hospital per year or
until death. Moreover, they observed that patients spent on
average in France and Germany 5days more in hospitaliza-
tion than in other countries’. These results are not compar-
able with the overall results of our study since we included
duration for all categories of hospitalization but seem close
to MCO hospitalization results. The close or lower HCRU find-
ing is similar to an American study exploring HCRU and cost
evolution following the introduction of ICls which found
lower mean hospital stays and ERV with the introduction of
these treatments''. Thus, in addition to a level of HCRU close
to or even lower than chemotherapy, the HCRU of patients
treated with ICIs decrease.
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Figure 5. Comparison of methods for cost estimation (euros).

In our study, we explored three methods to estimate the
mean cost of PPPY. The mean cost per patient tended to
decrease over the follow-up period with all these methods,
showing the robustness of our results even with cost cen-
sored data. Cost estimations were similar between all meth-
ods for the first year. The mean cost per patient during the
first year ranged from €44,404 to €45,002. After the first year,
cost estimations were different between methods. The
method without adjustment on all patients presented the
lowest cost per patient while the Bang and Tsiatis method
estimated the highest cost per patient. The mean cost per
patient during the last year of follow-up ranged from
€18,841 to €28,931. Whatever the method tested, our results
indicated higher costs than those reported previously for the
two years after treatment initiation?’. For example, the
French National insurance published a report® showing that
expenses attributable to lung cancer have grown over the
years, with the arrival of new treatments and the improved
prognosis of the disease. They estimated that the mean
expenditure per patient, independently of the stage, in 2017
was around €20,000. These results are close to what was esti-
mated in an ltalian cohort of patients diagnosed in 201722
However, according to the study by Tanguy-Melac et al.,
expenses are higher for patients with metastatic cancer and
tend to increase until death®. Higher expenses in our study
can be explained by the fact that our data are restricted to
patients starting nivolumab in second-line treatment and
over setting of advanced disease. However, we presented dif-
ferent findings for evolution until death, since the mean cost
per patient seems to decrease over time.

Setting aside expensive treatments (funded in addition to
the hospital stay) from the hospital stays, we observe this
category was the most important cost driver throughout the
follow-up period as reported in previous studies even before
the introduction of ICIs*>*, After treatment, the two major
cost drivers were MCO hospitalizations and ODS. MCO hospi-
talizations concern all hospitalizations for medicine, surgery
and obstetrics. In this case, we assume most MCO
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hospitalizations are for NSCLC management (adverse events,
symptoms, or exams), comorbidities management or pallia-
tive/intensive care. Even with less than 10 visits per patient
per year, these stays can be expensive since patient stays at
least one night at the hospital. The third cost driver concerns
ODS. This category is a driver since it represents more than
half of visits per year with a cost for administration or
patient management. These cost items tended to decrease
over time, which is consistent with a decrease in the of hos-
pital visits observed in an Italian cohort, in which some
patients were treated with immunotherapy?’. As in our
study, the lowest cost category was ERV, although the Italian
study reported higher absolute costs for these. The lower
costs in our study might be explained by the use of nivolu-
mab since Korytowsky et al. found that hospital costs exclud-
ing treatments have decreased since the introduction of
ICIs"". These results emphasize the importance of exploring
each cost category and its evolution over time.

The limitations of this study are principally related to the
PMSI database. For example, we were not able to explore
outpatient (outside the hospital) HCRU and costs in this ana-
lysis or indirect costs. A previous study observed that indirect
costs are almost as high as direct costs and should be con-
sidered in cancer costing studies?®. Unfortunately, the rea-
sons for stopping treatment are not available in the PMSI
which decreases the interest to explore differences in HCRU
and costs evolution according to management and the pos-
sible treatments received after nivolumab over time.
Moreover, due to the large number of patients included in
this study and the possible variety of treatment typologies
between patients, this analysis would require machine learn-
ing techniques. Also, the estimates of the unit time spent at
the hospital for ODS, ERV and consultations were obtained
from expert opinion rather than from actual data. For statis-
tical analysis, no specific method for HCRU adjustment on
censoring but we were able to adjust thanks to the previous
extraction of this cohort. Finally, we did not estimate the sav-
ings compared to non-ICls treated patients.
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However, thanks to the PMSI, we identified all patients ini-
tiating nivolumab for NSCLC during the early access program
in France. We followed the HCRU and costs evolution of
more than 10,000 patients treated with the only ICl available
in 2015-2016. This study allowed a clear illustration of
aNSCLC patients treated with the nivolumab hospital path-
way. Finally, this is the first study informing on long-term
HCRU and costs of patients treated with ICls in France.

In conclusion, this large study indicates that HCRU and
associated costs tend to decrease over time in patients with
aNSCLC treated with immunotherapy. Further studies would
be beneficial to determine whether long-survivor patients
achieve a level of expenditure close to the general popula-
tion with the same characteristics.
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