
Abstract. Background/Aim: Immune check point inhibitors
(ICIs) are changing cancer treatment in several malignancies,
including non-small cell lung cancer (NSCLC). The
introduction of these active new agents is associated with a
relevant increase of costs and it is, therefore, important to
create a balance between the costs of treatment and the added
value represented by the improvement of the clinical
parameters of interest such as overall survival (OS). This
analysis was conducted to assess the pharmacological costs of
first- and second-line treatments with ICIs (pembrolizumab,
nivolumab and atezolizumab) for metastatic NSCLC. Materials
and Methods: The present evaluation was restricted to phase
III randomized controlled trials (RCTs). We calculated the
pharmacological costs necessary to get the benefit in OS.
Results: Six phase III RCTs were evaluated. Concerning first-
line, the lowest cost per month of OS-gain was associated with
the use of pembrolizumab at 2,734 €. Concerning second-line,
the lowest cost per month of OS-gain was associated with the
use of atezolizumab at 3,724 €. Conclusion: Pembrolizumab
and atezolizumab are cost-effective in both first and second-
line treatment for metastatic NSCLC, respectively.

Immune check point inhibitors (ICIs) are changing cancer
treatment in several malignancies, including squamous and
non-squamous non-small cell lung cancer (NSCLC) (1). In
particular, the introduction of ICIs, such as pembrolizumab,
nivolumab and atezolizumab, in first and second-line treatment

of metastatic NSCLC with no targetable alterations, such as
epidermal growth factor receptor (EGFR)-activating mutations,
anaplastic lymphoma kinase (ALK)-translocations or the proto-
oncogene tyrosine-protein kinase ROS1 translocation/re-
arrangements, have demostrated improvements in survival
relative to standard chemotherapy (2). In light of the relevant
expenses of these new pharmacological interventions it might
be interesting to examine the balance between the cost of ICIs
and the added value represented by the improvement of the
clinical parameters of interest, such as overall survival (OS).
The present analysis was conducted to assess the
pharmacological costs of first and second-line treatments with
ICIs (pembrolizumab, nivolumab and atezolizumab) for
metastatic NSCLC.

Materials and Methods

The present evaluation was restricted to phase III randomized
controlled trials (RCTs) in first and second-line treatments with
pembrolizumab, nivolumab and atezolizumab for metastatic NSCLC
without EGFR-activating mutations, ALK-translocations or ROS1
translocation/re-arrangements. We calculated differences in OS
(expressed in months) between the different arms of each trial.
Then, we calculated the pharmacological costs necessary to get the
benefit in OS, for each trial. Calculations were based on an “ideal
patient” (BSA 1.8 m2, weight 70 Kg). The dosage of drugs was
considered according to what is reported in each RCT. 

The costs of drugs at the Pharmacy of our Hospital are expressed
in Euros (€). Currently, no drug dosage is available per single vial
in our Country. We assumed the following costs: i) nivolumab at
240 mg flat dose every 2 weeks (Q2W), with each administration
at 3,225 euros (each medication vial is 100 mg and the cost of each
vial was 1,075 €, so 3 vials were used for each administration), ii)
docetaxel at 18 € for the cost of 1 cycle, iii) pembrolizumab at
2,056.08 € for 100 mg [in the calculation of costs only
pembrolizumab at 2 mg/Kg was considered (single dose recorded
in the data sheet)], and iv) atezolizumab at 3,139.08 € for 1200 mg.
We have also applied the ESMO Magnitude of Clinical Benefit
Scale (ESMO-MCBS) (3) to the above pivotal phase III RCTs, with
adjustments (upgrade or down-grade) planned based on quality of
life (QoL) or grade 3-4 toxicities impacting daily well-being (3).
The last available update of each trial was considered as the original
source. The deadline for trial publication and/or presentation was
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January 31th, 2019. All data were reviewed by 2 investigators (JG
and AB) and separately computed by 2 investigators (JG and AB).

Results

Our analysis evaluated 6 phase III RCTs (2 RCTs in first-line
and 4 RCTs in second-line) (4-10), including 3,545 patients.
Regarding first-line treatment (Table I), progression free
survival (PFS) ranged from 4.2 months of nivolumab in the
CheckMate026 trial (6) to 10.3 months of pembrolizumab in
the KEYNOTE-024 trial (4). OS was 14.4 months of
nivolumab in the CheckMate026 trial (6) and 30.0 months of
pembrolizumab in the OS update of KEYNOTE-024 trial (5).
ESMO-MCBS reached high score (grade 5) for the
KEYNOTE-024 trial (4,5), while nivolumab otained low score
(grade 1) ESMO-MCBS in the CheckMate026 trial (6).
Concerning the second-line treatments (Table II), OS ranged
from 2.3 months of nivolumab in the CheckMate 057 (8) to
4.2 months of docetaxel in the same trial (8), and from 6
months of docetaxel in the CheckMate 017 (7) to 13.8 months
of atezolizumab in the OAK (10). ESMO-MCBS reached high
score (grade 5) for the CheckMate 017 (7) trial, KEYNOTE-
010 (9) trial and OAK trial (10), while CheckMate 057 (8)
reached grade 4 in the ESMO-MCBS. Concerning the first-
line treatment, the most relevant increase of costs were
associated with the use of nivolumab, with 18,813 € per
month of OS-gain, while the lowest cost per month of OS-gain
was associated with the use of pembrolizumab with 2,734 €
(Table I). Concerning the second-line treatment, the most
relevant increase of costs was associated with pembrolizumab
with 15,122 € per month of OS-gain, while the lowest cost
per month of OS-gain was associated with the use of
atezolizumab with 3,724 € (Table II). 

Discussion

In this study we reviewed phase III RCTs that reported the
effect of first and second-line treatments with the ICIs,
pembrolizumab, nivolumab and atezolizumab, for metastatic
NSCLC, to find out the incremental costs necessary to get
the benefit in OS, for each trial. We have limited our
evaluation to phase III RCTs for different reasons. First,
phase II trials are plagued by patient's selection biases and
this reduces the possibility to define “credible” measures of
efficacy, such as PFS and OS. Second, RCTs are needed to
allow comparison of efficacy. So, data showed that the
pharmacological costs were influenced by two main factors:
i) the efficacy of the therapies (strictly associated with the
patient's inclusions criteria) and ii) the price of drugs used.
Combining the costs of therapy with the measure of efficacy
represented by OS, we got the costs for obtaining the
advantage in OS. The use of atezolizumab was associated
with the lowest cost per month OS-gain in first-line for

metastatic NSCLC (2,734 €). In second-line treatment for
metastatic NSCLC, atezolizumab had the lowest cost per
month of OS-gain (3,724 €).

Our review has several limitations, first of which involves
the cross-trial comparisons. Moreover, we have considered
only the direct costs, but there are other important cost
elements that are not considered here (e.g. outpatient/inpatient
administration costs or treatment-related adverse event costs
or health-related quality of life between the different first-line
treatments). In fact, the data we have reported are not a real
cost-effectiveness analysis (that would imply not only direct
medical costs, but also indirect medical costs), but an analysis
of pharmacological costs. Moreover, using PFS and OS as part
of the analysis is unconventional but raises interesting issues.
We decided to consider OS because PFS on its own would
likely underestimate the life-years saved (11-13). In addition,
ESMO-MCBS considers the QoL in the definition of the
clinical benefits of each RCT, and adjustments (upgrade or
down-grade) are planned based on QoL or grade 3-4 toxicities
impacting daily well-being (3). 

The annual costs of ICIs treatment are in line with those
reported by Azimi and Welch (14), that found a favored
implementing intervention for thresholds of less than $
61,500 per life-year gained, only for pembrolizumab in first-
line ($ 28,779) and atezolizumab in second-line ($ 39,200)
treatment. At current prices, nivolumab cannot be considered
cost-effective for metastatic NSCLC, both in first (negative
results of CheckMate026 (6)) and second-line treatments for
both non-squamous ($ 72,474) and squamous ($ 84,695)
metastatic NSCLC. The cost of nivolumab would be
economically sustainable with a dosage at 3 mg pro Kg
[currently nivolumab is approved at 240 mg flat dose Q2W,
based on data of comparable efficacy and safety towards
nivolumab at 3 mg/kg Q2W schedule (15, 16)], with 4,809
€ and 5,623 € per month of OS-gain in non-squamous (8)
and squamous NSCLC (7), respectively, and with $ 50,621
and $ 59,189 of annual perspective, respectively. Concerning
pembrolizumab, recently a flat dose of 200 mg was approved
also for second-line treatment for NSCLC (17). There are no
differences in terms of costs per month OS-gain also for 200
mg flat dose (15,122 €) versus pro-Kg dosage.

The pharmacological costs are transferred to the Italian reality
and, more generally, to Europe (free movement of patients and
goods). The idea is to emphasize not only on the cost topic, but
also on the method, which is to combine the pharmacological
costs of drugs with the measures of efficacy (OS). 

However, to our knowledge, this is the first time an
analysis of the pharmacological costs of regimens in first and
second-line treatments with ICIs for metastatic NSCLC is
integrated with OS and clinical benefit.

Combining pharmacological costs of drugs with the
measure of efficacy represented by OS, pembrolizumab and
atezolizumab are cost-effective in first and second-line
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treatment for metastatic NSCLC, respectively. The price of
newly registered oncologic drugs is continuously increasing,
which poses a serious threat to the sustainability of the
National Health Systems, especially in Countries in which
the public control and oversight over the prices is limited.
Medical Oncologists and the society as a whole are
becoming more and more concerned with the issues of the
costs of the cure of cancer patients and are able to bring
attention to the “just price” of new treatments that must
reflect the reality of their true benefits and societal and
personal costs (18).
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