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ABSTRACT

BACKGROUND

Immuno-oncology represents a new strategy
for the treatment of different types of tumors.
Among cancer types and locations, of parti-
cular relevance is non-small cell lung cancer
(NSCLC) due to its incidence and mortality rate.
Within randomized clinical trials, the expres-
sion of programmed death ligand 1 (PD-L1)
above a certain threshold has been identified
as associated with a higher outcome for im-
muno-oncologic treatment compared with
chemotherapy. The aim of the analysis presen-
ted is to assess the financial consequences of
a patients’ selection strategy, through the as-
sessment of PD-L1 expression, for the treat-
ment of patients affected by advanced previou-
sly treated NSCLC in Italy.

ABSTRACT

BACKGROUND

L'immuno-oncologia rappresenta una nuova
strategia per il trattamento di diverse tipologie di
tumore. Tra le tipologie e sedi tumorali, il tumore
al polmone non a piccole cellule (NSCLC) risulta di
particolare rilevanza in considerazione della sua
incidenza e tasso di mortalita. In trial clinici rando-
mizzati, l'espressione del “programmed death li-
gand 1" (PD-L1) oltre una certa soglia e stato iden-
tificato come associato ad un migliore outcome
per i trattamenti immuno-oncologici, in confronto
alla chemioterapia. Lobiettivo della presente ana-
lisi e la valutazione delle conseguenze finanziarie
di una strategia di selezione dei pazienti attraver-
so la valutazione dell’'espressione di PD-L1, per il
trattamento dei pazienti affetti da NSCLC avanza-
to precedentemente trattati, in ltalia.
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METHODS

A budget impact model was implemented, as-
suming the Italian National Health Service per-
spective, considering a treatment algorithm re-
lated to the second and third lines of treatment.
Two scenarios were compared: considering the
assessment of PD-L1 expression or not. The
costs considered (year 2017) referred to immu-
ne-oncologic treatments, adverse events’ ma-
nagement and PD-L1 test.

RESULTS

The cost to treat the 9,216 patients conside-
red in the analysis in the base case scenario
is almost 137 million €, with a per capita cost
of 14,898 €. The treatment selection strategy
considered, based on PD-L1 expression, would
lead to a cost to treat the whole population of
almost 112 million € (per capita cost of 12,119
€), with a differential cost of — 26 million €
compared with the base case scenario, with a
18.7% cost reduction.

CONCLUSIONS

A patients’ selection strategy through the as-
sessment of PD-L1 expression for the treat-
ment of patients affected by advanced previou-
sly treated NSCLC in Italy would be sustainable,
leading to a reduction of costs compared with
a scenario in which such strategy is not consi-
dered.

KEYWORDS
non-small cell lung cancer, immuno-oncology,
programmed death ligand 1, PD-L1, budget im-
pact analysis

METODI

E stato strutturato un modello di valutazione di
impatto sul budget, assumendo il punto di vista
del Servizio Sanitario Nazionale, considerando
un algoritmo di trattamento relativo alla seconda
e terza linea. | due scenari comparativi sono stati
caratterizzati dall'effettuazione del test di espres-
sione del PD-L1 e dalla non effettuazione del test.
| costi considerati (anno 2017) sono stati quelli re-
lativi ai trattamenti oncologici, alla gestione degli
eventi avversi e al test di espressione del PD-L1.

RISULTATI

Il costo per trattare i 9.216 pazienti considerati
nell'analisi nello scenario di base e circa 137 milio-
ni di euro, con un costo pro capite pari a 14.898 €.
La strategia di selezione dei pazienti basata sull’e-
spressione del PD-L1, porterebbe ad un costo per
trattare i pazienti considerati pari a circa 112 milioni
di euro (costo pro capite paria 12.119 €), con un costo
differenziale di — 26 milioni di euro in comparazione
allo scenario di base (- 18,7% di riduzione dei costi).

CONCLUSIONI

Una strategia di selezione dei pazienti attraver-
so la valutazione dell'espressione di PD-L1 per il
trattamento dei pazienti affetti da NSCLC avanzato
precedentemente trattati in Italia sarebbe sosteni-
bile, portando ad una riduzione del costo di gestio-
ne dei pazienti rispetto ad uno scenario che non
considera tale strategia.

KEYWORDS
non-small cell lung cancer, immuno-oncology,
programmed death ligand 1, PD-L1, budget im-
pact analysis
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BACKGROUND

Immuno-oncology represents a new strategy for the
treatment of different types of tumors. Its therapeu-
tic approach aims at potentiating “the patient's im-
mune-response to tumor cells”' making the immune
system “capable of identifying and eliminating cells

expressing tumor associated antigens”!

Cancer immunotherapy dates back to 1863, however,
only in recent years it was considered as a primary ap-
proach for cancer treatment.' It represents a new pa-
radigm, following the development of chemotherapies
and of molecular targeted agents.? In the last decade,
different monoclonal antibodies received a marke-
ting authorization by the European Medicines Agency
for the following therapeutic areas: breast cancer (i.e.
bevacizumab, trastuzumab), cervical cancer (i.e. be-
vacizumab), chronic lymphocytic leukaemia (i.e. ritu-
ximab), classical Hodgkin lymphoma (i.e. nivolumab,
pembrolizumab), colorectal cancer (i.e. bevacizumab,
cetuximab, panitumumab), epithelial ovarian (i.e. beva-
cizumab), fallopian tube and primary peritoneal cancer
(i.e. bevacizumab), gastric cancer (i.e. bevacizumab,
trastuzumab), melanoma (i.e. ipilimumab, nivolumab,
pembrolizumab), non-Hodgkin's lymphoma (i.e. ritu-
ximab), non-small cell lung cancer (i.e. bevacizumab,
nivolumab, pembrolizumab), renal cell cancer (i.e. be-
vacizumab, nivolumab), soft tissue sarcoma (i.e. olara-
tumab), squamous cell cancer of the head and neck (i.e.

cetuximab, nivolumab).

Among the aforementioned cancer types and locations,
of particular relevance is non-small cell lung cancer
(NSCLC) due to its incidence and mortality rate. Con-
sidering ltalian data, in 2016 lung cancer is estimated
to be the second most frequent cancer in males (15%,
excluding skin carcinoma), the third most frequent in
females (6%, excluding skin carcinoma) and the third

most frequent overall (11%, excluding skin carcinoma).

In terms of deaths due to cancer, those estimated to be
attributed to lung cancer in 2016 are the most frequent

in males (26%, excluding skin carcinoma), the third
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most frequent in females (11%, excluding skin carcino-
ma) and the most frequent overall (19%, excluding skin
carcinoma).* Among lung cancer, NSCLC is estimated to
account for 85%-90%.5

The monoclonal antibodies that received a marketing
authorization by the European Medicines Agency for
the treatment of NSCLC are bevacizumab (‘advanced
NSCLC in patients whose cancer cells are not mainly of
the squamous type, where it is given with platinum-ba-
sed chemotherapy” and “advanced NSCLC in patients
whose cancer cells have a certain change (activating
mutations) in the gene for a protein called EGFR, whe-
re it is given in combination with erlotinib”), nivolumab
(“NSCLC that has spread locally or to other parts of the
body in patients who have previously been treated with
other cancer medicines - chemotherapy”)” and pembro-
lizumab (“NSCLC ... used specifically when the tumour
produces a protein known as PD-L1 and has spread or

cannot be surgically removed”).?

Concerning the last two aforementioned monoclonal
antibodies, nivolumab showed in a phase 3 randomi-
zed controlled trial improved overall survival, respon-
se rate, and progression free survival compared with
docetaxel in patients affected with advanced previou-
sly treated squamous NSCLC;’ and showed in a phase
3 randomized study longer overall survival compared
with docetaxel in patients affected with advanced pre-
viously treated non-squamous NSCLC."° In a phase 2/3
randomized study, Pembrolizumab showed a longer
“overall survival and a favourable benefit-to-risk profile
in patients with previously treated, programmed death
ligand 1 (PD-L1)-positive, advanced NSCLC" compared
with Docetaxel;"" and showed in a phase 3 randomized
trial a “significantly longer progression-free and overall
survival and with fewer adverse events”, in patients
affected with advanced untreated NSCLC with PD-L1
expression = 50%, compared with platinum-based che-
motherapy.?

The expression of PD-L1 above a certain threshold (50%
in first line treatment and 1% in second line treatment)
in the last two randomized trials reported above''? is

U. Restelli et al. / CLINICO ECONOMICS ITALIAN ARTICLES ON OUTCOMES RESEARCH /VOL 12/ ANNO 2017 / PAG. 155-164 157



CLINICO.

ECONOMICS

associated with a higher outcome for immuno-oncolo-
gic treatment compared with chemotherapy.

Considering the difference in terms of costs between a
treatment cycle with a monoclonal antibody and with
chemotherapy, the possibility to identify which patients
affected by NSCLC would not benefit in a significant way
from the administration of an immuno-oncologic treat-
ment, could increase the sustainability of National He-
alth Services, without affecting the effectiveness of the
services provided to patients. Therefore, the aim of the
analysis presented is to assess the financial consequen-
ces of a patients’ selection strategy, through the asses-
sment of PD-L1 expression, for the treatment of patients

affected by advanced previously treated NSCLC in ltaly.

METHODS

A budget impact model was implemented to assess the
sustainability of the patients’ selection strategy for the
eligibility of immuno-oncologic treatment of patients
affected with NSCLC.

PATIENTS' POPULATION AND TIME HORIZON

The target population considered is composed of patien-
ts affected with already treated advanced squamous and
non-squamous NSCLC without mutations. Furthermo-
re, to select patients eligible to receive an immuno-on-
cologic treatment, we considered only those with <70
years and a performance status (PS) of 0-1, and with >
70 years and PS of 0-2 or < 70 years and PS of 2. Patients
with a PS higher than 2 were excluded from the analy-
sis, since international guidelines for the treatment of

NSCLC consider them eligible to a best supportive care.®

We considered all patients eligible to a second line tre-
atment and followed this population until the third line
treatment. Therefore the time horizon considered is va-
riable, based on the likely progression free survival of

each oncologic treatment.

PERSPECTIVE AND INTERVENTION MIX

The perspective assumed in the analysis is that of the

[talian National Health Service. Two different scenarios
were implemented: a base case scenario in which we
did not consider a patients’ selection strategy based on
the assessment of PD-L1 expression (base case scena-
rio), and a comparative scenario in which we conside-
red such treatment strategy starting from the second
line of treatment (scenario 1).

To assign patients to second line treatments and, after
disease progression, to third line treatments, a thera-
peutic algorithm was implemented, based on interna-
tional guidelines,® on a previous algorithm implemen-
ted by Prof. Paz Ares, and adapted to the Italian context
on the base of expert opinions related to real clinical
practice. The expert opinion was collected through in-
terviews to the director of the oncology department of a
public hospital located in Lombardy Region.

The treatment algorithm was implemented considering
different cancer types (squamous and non-squamous)
and patients’ characteristics (patients with <70 years
and a PS of 0-1; and with > 70 years and PS of 0-2 or <
70 years and PS of 2), since NSCLC treatments guideli-
nes recommend different therapies on the base of the
aforementioned criteria. The choice of second line tre-
atments depends on the first therapy administered to
patients, therefore the algorithm was modelled starting
from first line. The algorithm implemented per each tu-
mor type and patients characteristics is reported as the
Supplementary Material.

In the base case scenario, the choice of treatments
was conducted in the hypothesis that the level of PD-
L1 expression is unknown. In scenario 1, patients were
further divided in two groups: those for whom the PD-
L1 expression is = 1% and those for whom the PD-L1
expression is < 1%. For the first group (PD-L1 = 1%) the
possibility to receive pembrolizumab as second or third
line therapy was considered, while for the second group
(PD-L1 < 1%), the possibility to receive immuno-oncolo-
gic treatments was excluded.

The first line therapies considered were cisplatin +
gemcitabine, cisplatin + pemetrexed, carboplatin +
gemcitabine, gemcitabine, vinorelbine, docetaxel, car-
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boplatin. The second and third lines therapies conside-
red were nivolumab, pembrolizumab, docetaxel, ninte-
danib + docetaxel, gemcitabine, vinorelbine.

COSTS AND CLINICAL INPUTS

The costs considered in the analysis were direct me-
dical costs referred to year 2017, related to the therapy
administered, to the management of each therapy's
adverse events, and to PD-L1 test (only for scenario
1). Data collected from publications and referred to ye-
ars different than 2017 were inflated at their 2017 value
considering the annual inflation at average consumer
prices in Italy as reported by the International Monetary
Fund.”

The cost of each drug was based on the ex-factory price
reported by the Italian Medicines Agency, considering
a standard number of cycles, as reported in Table 1. To
calculate the cost per each dose, we considered, on the
base of the results of the Keynote-010 Study, a body
mass index of 1.81 and a weight of 70.97 Kg.

The adverse events considered for each treatment were

CLINICO.
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nausea, anemia, diarrhea, fatigue, febrile neutropenia,
neutropenia, vomiting. The incidence of each adverse
event was derived from phase Il and Il clinical trials,
10111416 35 reported in Table 2. The cost to manage each
adverse event was derived from literature.”!8

If AEs’ incidence data were not available in literature,
the minimum and maximum incidence values observed
for treatments of the same class were considered (i.e.
incidence of AEs of nivolumab for pembrolizumab; and
incidence of vinorelbine for gemcitabine).

The last direct medical cost considered in the analy-
sis was that of PD-L1 test. In Italy such test is not yet
reimbursed by the National Health Service. Therefore
we considered an hypothetical cost equal to 68 €, as re-
ferredto the code 91.40.8 of the Lombardy Region tariffs
nomenclature.

ANALYTIC FRAMEWORK AND SENSITIVITY ANALYSIS

Patients within the model are assigned to a second line
treatment for NSCLC following the algorithm described
above. Of these patients, only 20% will receive a third

TABLE 1
Treatments’ duration and cost considered in the analysis
Treatment Treatment duration Cost Notes
6 administrations of 75 mg multiplied by the patient's BMI. For each administration, a
Docetaxel 4.0 months 2,365€ further cost of 9.7 € was considered (Italian nomenclature tariff, code 99.25). The number
of administrations is based on the Progression Free Survival as in Herbst et al., 2016
9 administrations of 1,000 mg multiplied by the patient’s BMI. For each administration,
Gemcitabine 12 weeks 1183 € a further cost of 9.7 € was considered (Italian nomenclature tariff, code 99.25). The
treatment duration is based on expert opinion.
For docetaxel: 5 administrations of 75 mg multiplied by the patient’s BMI. For each
Nintedanib + 3.4 months n035€ administration, a further cost of 9.7 € was considered (Italian nomenclature tariff,
docetaxel ' ' code 99.25). For Nintedanib: 200 mg twice daily for 5 cycles of 20 days. The number of
administrations is based on the Progression Free Survival as in Reck et al., 2014
8 administrations of 3 mg multiplied by patient’s weight. For each administration, a
Nivolumab 3.5 months 18,624 € further cost of 37.1 € was considered (10% of the value of DRG 410). The number of
administrations is based on the Progression Free Survival as in Rahmer et al., 2015
6 administrations of 2 mg multiplied by patient's weight. For each administration, a
Pembrolizumab 3.5 months 22118€ further cost of 37.1 € was considered (10% of the value of DRG 410). The number of
administrations is based on the Progression Free Survival as in Herbst et al., 2016
3 oral administration of 60 mg multiplied by the patient's BMI, followed by 6 oral
Vinorelbine 9 weeks 1,732 € administration of 80 mg multiplied by the patient’s BMI. The treatment duration is based

on expert opinion.

Treatments’ cost is based on the ex-factory prices reported by the “Gazzetta Ufficiale della Repubblica Italiana”. Therefore, prices might be higher than in
real world due to confidential agreements between producers and the Italian Medicines Agency. Nivolumab cost hypothesis: -30% of the ex-factory price.
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TABLE 2
Cost and incidence of adverse events
Incidence
o Nintedanib : ) ) )
Adverse event Cost (€) Docetaxel Gemcitabine + docetaxel Nivolumab Pembrolizumab Vinorelbine
0
Anaemia 4,207.8° 1.62%¢ _5'19/0 (_as 1.07%" 0.00%¢ 0.88%¢ 5.19%9
Vinorelbine)
Diarrhea 450.9° 2.27%¢ 0.60%¢ 6.64%" 0.00%° 0.59%¢ 2.60%°
0
Fatigue 0.0° 3.56%: 779% (as 5.52%' 0.76%¢ 1.18%¢ 7.79%s
Vinorelbine)
Febrile 5,7477*" 10.08%¢ 1.60% (as 7.06%' 0.00%* 0.00% (as 2.60%°
neutropenia Vinorelbine) Nivolumab)
Nausea 108.7° 0.32%¢ 5.65%"¢ 0.77%" 0.00%¢ 0.29%¢ 10.39%¢9
Neutropenia 176.2° 12.30%¢ 26.00%¢ 12.12%° 0.00%° 0.29%¢ 45.45%°
Vomiting 470.3° 0.78%¢ 5.65%"¢ 0.77%" 0.00%¢ Q'UU% (as 7.79%9
Nivolumab)

aI7;b18;c1];d9;em;f15;gHu

* Due to lack of data referred to NSCLC, we considered the cost of febrile neutropenia calculated by Brown and colleagues for the Italian context related

to the management of locally advanced head and neck cancer.

 Only an aggregated incidence of nausea/vomiting is provided in the publication, therefore half of the incidence was attributed to nausea and half to vomiting.

line therapy, on the base of experts’ opinion, regardless
of the therapy administered as second line treatment.

For each line of treatment the costs related to treat-
ment, adverse management and PD-L1 test are con-
sidered. Patients assigned to different treatment might
have different treatment duration, based on the data
reported in Table 1. The percentage of patients with
a PD-L1 expression = 1% is considered to be 66%, as

emerged in a randomized phase 2/3 trial."

The impact on the budget of the ltalian National Health
Service is represented by the differential costs between
scenario 1 and the base case scenario.

A univariate sensitivity analysis was conducted to iden-
tify the variables which influence the most the final re-
sult. The variables modified in the sensitivity analysis
are: +10% immuno-oncology drugs cost, +20% adverse
events’ cost, +100% PD-L1 cost, +5% PD-L1 test results
>1%, patients from second line to third line of treatment
equal to 30% and 10%.

The choice of the variables to be considered within the
sensitivity analysis was based on the costs of immu-
no-oncologic treatments and on the costs and results

of the PD-L1 test, which are the focus of the analysis.
Furthermore, the percentage of patients accessing to
the third line of treatment allowed to test how different
patients conditions might impact on the final results;
and the cost of adverse events’ management, allowed
to test how possible differences in terms of events ma-
nagement within different contexts might influence the
budget impact.

RESULTS

The target population considered in the analysis was
calculated starting from the 40,000 lung cancer’s dia-
gnoses estimated in Italy in 2016.* The number of pa-
tients affected with NSCLC is estimated to be 32,000
(80% of total lung cancers) and those with EGFR and
ALK mutation was estimated to be 20%, based on
expert opinion. Therefore, the number of patients af-
fected with NSCLC with no mutation was estimated
to be 25,600. 10% of these patients were estimated to
have a PS > 2, and were excluded from the analysis,
leading to a population eligible to first line treatment
of 23,040 patients. The percentage of patients affected
with squamous NSCLC was estimated to be 20% and
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that of patients affected with non-squamous NSCLC
80%. 50.0% of patients affected with squamous NSCLC
were considered with <70 years and a PS of 0-1, and
40.0% with > 70 years and PS of 0-2 or < 70 years and
PS of 2. Among patients affected with non-squamous
NSCLC, 63.0% were considered with <70 years and a PS
of 0-1, and 27.0% with > 70 years and PS of 0-2 or < 70
years and PS of 2.

The number of patients eligible to second line treatment
are 40% of the 23,040 patients eligible to first line treat-
ment, being 9,216; of which 1,843 affected with squamous
NSCLC and 7,373 affected with non-squamous NSCLC.

The total cost of second and third lines of treatment are
reported in Table 3.

The cost to treat the 9,216 patients considered in the
analysis in the base case scenario is almost 137 mil-
lion €, with a per capita cost of 14,898 €. The treatment
selection strategy considered, based on PD-L1 expres-
sion, would lead to a cost to treat the whole population
of almost 112 million €, with a differential cost of — 26

TABLE 3
Total cost for each scenario and differential cost

Scenario Total cost Per capita cost
Base case 137,299,835 € 14,898 €
Scenario 1 111,687,443 € 12,119 €
Difference -25,612,392€ -2,779€

% difference - 18.65%

TABLE 4
Sensitivity analysis results
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million € compared with the base case scenario, with a
18.7% cost reduction. The per capita cost in Scenario 1
is equal to 12,119 €.

The sensitivity analysis conducted showed a minimum
cost variation of - 19.7 million € (decreasing of 10% the
immuno-oncologic drugs cost) and a maximum cost
variation of - 32.1 million € (increasing of 10% the im-
muno-oncologic drugs cost). The results of the sensiti-
vity analysis are reported in Table 4.

DISCUSSION

A patients’ selection strategy through the assessment of
PD-L1 expression for the treatment of patients affected
by advanced previously treated NSCLC in Italy would be
sustainable, leading to a reduction of costs compared
with a scenario in which such strategy is not considered.

To our knowledge the analysis presented is the first
assessment of the sustainability of the use of PD-L1
expression test for the selection of patients eligible to
immuno-oncologic treatments for NSCLC in Italy.

The sensitivity analysis conducted showed how the va-
riable that influence the most the variance of the final
result is the cost of immuno-oncologic drugs, followed
by the percentage of patients with a PD-L1 test result >
1%. The direct medical costs related to adverse events’
management, the cost of the PD-L1 test and the per-
centage of patients treated in third line have a limited
impact on the variability of the results.

At an international level, Aguair and colleagues (2017),"

Scenario Cost difference (Scenario 1 - Base case scenario) % difference
Immuno-oncology drugs cost +10% -32.10 million € -19.8%
Immuno-oncology drugs cost -10% - 19.74 million € -17.2%
Adverse events' cost + 20% - 25.29 million € -18.3%
Adverse events' cost - 20% - 25.93 million € -19.0%
PD-L1 test's cost +100% - 24.99 million € -18.2%
PD-L1 test results 1% +5% - 22.00 million € -16.0%
PD-L1 test results =1% -5% - 29.23 million € -21.3%
Patients from second line to third line of treatment equal to 30% - 26.26 million € - 18.4%
Patients from second line to third line of treatment equal to 10% - 24.96 million € -18.9%
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assessed “the cost effectiveness and economic impact
of second-line treatment with nivolumab, pembrolizu-
mab and atezolimumab with and without the use of PD-
L1 testing for patients selection” in the United States.
The results of the analysis showed an improved result
interms of incremental cost-effectiveness ratio compa-
red with docetaxel, leading to an increase of the efficien-
cy of resources allocation due to the patients’ selection
strategy. Also in terms of sustainability, the selection of
patients on the base of the PD-L1 expression lead to a
positive result in terms of cost containment.

The analysis performed is to be considered relevant
for decision makers, providing timely information on
a debated topic, as that of the sustainability of the use
of immuno-oncologic treatments. In consideration of
the costs of such therapies, compared with standard
chemotherapy, to be able to identify a target popula-
tion that might maximize the therapeutic benefits of
the use of immuno-oncologic treatments would lead
to an increase in the efficiency of resources allocation.
It is necessary to consider the need for the National
Health Service to provide the most effective available
treatment option to oncologic patients, preserving the
sustainability of resources allocation. This is of parti-
cular relevance considering the 500 million € fund for

oncologic treatments allocated by the Italian National
Health Service.

The aforementioned patient’s selection strategy, along
with currently used managed entry agreements, both
financial-based, as cost sharing, capping or payback;
and performance-based risk sharing, as payment by
result, success fee and risk sharing; would allow a

more efficient allocation of economic resources.

The main limits of the analysis performed is the lack
of real-world data referred to the therapies considered
in the analysis (i.e. the progression free survival and
overall survival are based on Randomized Controlled
Trials) and to the costs considered, being ex-factory co-
sts, that might be overestimated than the real costs of

therapies.

A further limit is related to the treatment algorithm that,
being based on the real clinical practice of the oncologic
department considered, might not be generalized to each
oncologic department in Italy. However, since the clini-
cal practice of the oncologic department is based on the
European Society for Medical Oncology’s Clinical Practi-
ce Guidelines for diagnosis, treatment and follow-up for
patients affected with NSCLC,® the authors consider the
algorithm as representative of the Italian scenario.
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