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Abstract

Background and Objective: The programmed death 1 and ligand (PD-1/PD-
L1) inhibitors have significantly altered therapeutic perspectives on non-small-
cell lung cancer (NSCLC). However, their efficacy and safety are unknown since
direct clinical trials have not yet been performed on them. It is also necessary to
determine the economics of PD-1/PD-L1 inhibitors due to their high cost. The
aim was to evaluate the efficacy, safety, and cost-effectiveness of PD-1/PD-L1 in-
hibitor monotherapy for advanced NSCLC patients in China with high PD-L1
expression as first-line treatment.

Methods: From the PubMed, Cochrane, and Web of Science databases, we re-
trieved survival, progression, and safety data on PD-1/PD-L1 inhibitor mono-
therapy for advanced NSCLC patients. A network meta-analysis (NMA) was
performed to consider PD-1/PD-L1 inhibitors in efficacy and safety. A Markov
model with a full-lifetime horizon was adopted. Clinical and utility data were
collected through the trial. The cost per quality-adjusted life year (QALY) was as
incremental cost-effectiveness ratio (ICER). Sensitivity analyses were performed.
Results: This study included five phase III clinical trials using four drugs:
nivolumab, pembrolizumab, atezolizumab, and durvalumab. The NMA demon-
strated that the four drugs had similar efficacy and safety, while pembrolizumab
and atezolizumab were better for than for nivolumab (hazard ratio (HR) = 0.66,
95% confidence intervals (CIs): 0.46-0.95 and HR = 0.59, 95%CI: 0.37-0.94)
in progression-free survival (PFS), and the risk of a severe adverse event was
higher for atezolizumab than for nivolumab and pembrolizumab. Compared
with nivolumab, durvalumab, pembrolizumab, and atezolizumab had QALY of
0.19, 0.38, and 0.53, respectively, which induced ICERs of $ 197,028.8/QALY,
$111,859.0/QALY, and $ 76,182.3/QALY, respectively.
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1 | INTRODUCTION

Lung cancer is the most common malignant cancer in the
world, as well as the most common cause of cancer-related
deaths.! Non-small cell lung cancer (NSCLC) accounts for
more than 80% of all lung cancers, and most NSCLC cases
are locally advanced or metastatic at the time of diagnosis.”
Platinum-based chemotherapy is often recommended for
advanced or metastatic NSCLC patients but has a survival
rate lower than 20%,>* and therefore does not significantly
prolong overall survival (OS). However, immunotherapy
has shown enormous potential to further improve the
prognosis for lung cancer patients, especially the pro-
grammed death 1 and ligand (PD-1/PD-L1) inhibitors.>”’

The PD-1/PD-L1 inhibitors have rapidly received Food
and Drug Administration agreement due to their strong
clinical efficacy, longer survival, and less severe side ef-
fects.*'! PD-1/PD-L1 inhibitors in several three-phase
clinical trials prolonged survival times and decreased ad-
verse events during NSCLC treatment, especially when
patients had a high PD-L1 expression (50%).°** These
results have greatly altered the conventional management
of advanced or metastatic NSCLC. However, there is an
absence of results directly comparing several different
PD-1/PD-L1 inhibitors. Nevertheless, the cost of these
breakthrough treatments must be considered.'*'* The
rational use of PD-1/PD-L1 inhibitors is urgent, but this
remains to be determined.

Ensuring appropriate and sustainable use of targeted
treatments for analyzing the efficacy, safety, and cost-
effectiveness of PD-1/PD-L1 inhibitors on NSCLC is vi-
tal.'*'%8 This study investigated the efficacy, safety, and
cost-effectiveness of PD-1/PD-L1 inhibitors as a first-line
treatment for advanced or metastatic NSCLC with high-
level PD-L1 expression.

2 | METHODS

2.1 | Network meta-analysis

Direct clinical trials are insufficient for PD-1/PD-L1-
inhibitor monotherapy as a first-line treatment for
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Conclusion: The efficacy and safety are similar among types of PD-1/PD-L1-
inhibitor monotherapy. The cost-effectiveness of nivolumab appears optimal, but
the other PD-1/PD-L1 inhibitors are not as cost-effective for the first-line treat-
ment of advanced NSCLC in China.

cost-effectiveness, efficacy, non-small lung cancer (NSCLC), PD-1/PD-L1 inhibitors, safety

advanced or metastatic NSCLC with high-level PD-L1 ex-
pression. A network meta-analysis (NMA) was therefore
performed to evaluate the different PD-1/PD-L1 inhibitors
in efficacy and safety. Two authors conducted independ-
ent reviews of PubMed, Cochrane Library, and Web of
Science, published before January 1, 2021, using the search
terms shown in supplement Table S1. The search term in-
cluded “NSCLC,” “anti-PD-1,” “anti-PD-L1,” “first line,”
“randomized controlled trial,” and so on. This analysis
included randomized controlled trials with NSCLC eligi-
ble for first-line treatment. Eligible studies included pa-
tients with high-level PD-1 expression (>50%), and PD-1/
PD-L1 inhibitors monotherapy. Eligible studies were also
required to report at least an assessment of survival (OS
and PFS) and safety. The analysis excluded studies includ-
ing patients with<18 years old, incomplete or duplicate
data, and treatment which included PD-1/PD-L1 inhibi-
tor combination with others drugs. The Cochrane risk
of bias tool for randomized controlled trials was used to
assess the quality and risk of bias of studies included in
the analysis. The NMA was performed using graph theory
implemented by the netmeta R package.

2.2 | Analytical overview and
model structure

We constructed a Markov model to determine the clinical
and economic outcomes of PD-1/PD-L1 inhibitors as first-
line treatments for advanced NSCLC, since this approach
is effective for analyzing individual patient-level data.
Virtual patient-level data were reconstructed. A hypothet-
ical cohort about advanced NSCLC with high-level PD-L1
expression was constructed to compare the four potential
competing targeted treatment drugs of nivolumab, pem-
brolizumab, atezolizumab, and durvalumab (Figure 1A).
Health and economic outcomes were determined using
a Markov model process which considered the three ex-
clusive health states including progression-free disease
(PFD), progressed disease (PD), and death. The Markov
process was 21 days and PFD was the initial health state
of all patients. The model was run until 99% of patients
entered the death state with a lifetime horizon. The risk of
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FIGURE 1 Modelstructure. (A) The framework of the decision tree; (B) Markov model. PD-L1, programmed death-ligand 1; NSCLC,

non-small lung cancer; M, Markov node; AE, adverse events

disease progression or death was determined by PFS and
OS data from the NMA and previously published trials.

The primary outcomes were quality-adjusted life year
(QALY) and cost. Costs and QALY were reduced by 5%
annually in line with Chinese guidelines for pharma-
coeconomic evaluations.'® All costs are presented in 2020
US dollars. Incremental cost-effectiveness ratios (ICERS)
were examined and presented as cost per QALY gained.
We followed recommendations for the cost-effectiveness
threshold of three times the per capita gross domestic
product of China in 2020. We used three times the per cap-
ita gross domestic product of China in 2020 ($32,517.0) as
the cost-effectiveness threshold according to the guideline
recommendations.®

2.3 | Clinical data

We indirectly compared the survival rates of the four
drugs. WebPlotDigitizer was used to construct Kaplan-
Meier curves based on clinical data to project outcomes,
and R package was used for fully parametric modeling of
the survival data. Weibull survival models were fitted to
the Kaplan-Meier survival curves for atezolizumab from
IMpower 110 trial,'* which demonstrated the best fit for
the Kaplan-Meier survival data. Table 1 lists the param-
eters of the estimated Weibull scale (1) and shape (y). The
survival probability at time (t) was calculated using the

following formula: S(t) = P(ys; = exp(—Af"). The transi-
tion probability from PFD to PS at a given cycle ¢ was cal-
culated by using the Weibull scale (1) and shape (y). The
other three drugs were derived using the adjusted Weibull
scale and shape parameters. The hazard ratios (HRs) of
PFS and OS were generated using NMA for these drugs
relative to the atezolizumab strategy considered in the
economic model.

2.4 | Costand utility data

Analyses were conducted from the perspective of the
Chinese healthcare system. The direct medical costs were
considered in the model, which included the drug costs,
concomitant medication during therapy, management of
severe adverse events (SAEs), routine follow-ups, and ter-
minal care (Table 1). All costs were adjusted to 2020 US
dollars using the local Consumer Price Index (1 US dol-
lar = CNY ¥6.5).

2.5 | Sensitivity analyses

We conducted the univariate and probabilistic sensitivity
analyses. One-way sensitivity analysis tested the variance
in potential parameter values of the models (Table 1).
Probabilistic sensitivity analysis (PSA) was analyzed using
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TABLE 1 Costand utility data

Parameters Base
Cost (US $)
Pembrolizumab per cycle 5386.7
Atezolizumab per cycle 4930.3
Nivolumab per cycle 4171.2
Durvalumab per cycle 6117.5
Inpatient cost per cycle 55.6
Progression disease treatment per cycle 854.1
Best supportive care per cycle 337.5
Terminal treatment per cycle 2627.8
AEs managing cost per cycle 362.2
Severe adverse events rate (%)
Nivolumab 17.60
Pembrolizumab 19.49
Atezolizumab 30.07
Durvalumab 14.90
Utility of health states per event
PFS 0.804
PS 0.321
Discount rate (%) 5
Weibull distribution parameters
Atezolizumab, OS, scale (Weibull), A 0.055227
Atezolizumab, OS, shape (Weibull), y 0.724424
Atezolizumab, PFS, scale (Weibull), A 0.119257
Atezolizumab, PFS, shape (Weibull), y 0.701234
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Range Distribution Reference
- Fixed in PSA Local
- Fixed in PSA Local
- Fixed in PSA Local
- Fixed in PSA Local
41.7-69.4 Lognormal 31
706.5-992.4 Lognormal 32
158.7-793.7 Lognormal 3
2291.8-2966.6 Lognormal 32
271.6-452.7 Lognormal 3

- Beta g

_ Beta 11,33
= Beta 12

- Beta L
0.643-0.965 Beta 34
0.257-0.385 Beta 34
0-8 Fixed in PSA 19

- Fixed in PSA 12

= Fixed in PSA 12

- Fixed in PSA 12

= Fixed in PSA 12

Abbreviations: HR: Hazard ratio; NMA: Network meta-analysis; OS: Overall survival; PFS: Progression-free survival; PS: Progression survival; PSA:

Probabilistic sensitivity analysis.

a Monte Carlo simulation, which incorporated the prob-
ability distribution including natural history parameters,
HRs, costs, and utilities. Standard methods were adopted
for defining uncertainty among parameters. The beta
distribution was performed to the transition probability,
proportion, and utility parameters, and the log-normal
distribution to HRs parameters and costs. This study ap-
plied 10,000 replications to obtain a series of 10,000 out-
come estimates. Cost-effectiveness acceptability curves
(CEAC) presented the probability of a treatment being
cost-effective against willingness-to-pay values.

3 | RESULT

3.1 | Network meta-analysis

Because of the non-availability of direct head-to-head
clinical trial data, an indirect comparison approach
was conducted to evaluate the efficacy of PD-1/PD-L1

inhibitors as first-line treatments for advanced NSCLC
with high-level PD-L1 expression. In total, 650 articles
were screened from searches of the databases, after re-
moving duplicates, screening of abstracts, and full-text
article assessed, five articles met the full inclusion criteria
(Supplementary Figure S1). The five clinical studies were
the KEYNOTE-024, KEYNOTE-042, CheckMate-026,
IMpower 110, and MYSTIC,>!171320 for constructing the
network, which all involved nivolumab, pembrolizumab,
atezolizumab, or durvalumab. Study characteristics are
summarized in Supplementary Table S2. In brief, all stud-
ies selected for inclusion were randomized controlled
studies, three of the studies used double-blinding and two
was open-label. Overall, the quality of the included studies
was considered relatively low (Supplementary Figure S2).
After HRs of OS, PFS, and adverse event data were ex-
tracted from these studies, the NMA was conducted
based on a fixed-effects model to consider heterogeneity
(I* = 13%) (Figure 2). Figure 3 shows the HRs of OS and
PFS, and risk rates (RR) of adverse events and SAE. PFS
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was marginally better for pembrolizumab and atezoli-
zumab than for nivolumab (HR = 0.66, 95% confidence in-
tervals (CI): 0.46-0.95) and HR = 0.59, 95%CI: 0.37-0.94),
whereas OS did not differ significantly between these two
interventions (Figure 3A). Only atezolizumab had sig-
nificant higher SAE safety outcomes than pembrolizumab
(RR = 0.66, 95%CI: 0.46-0.95) and nivolumab (RR = 1.72,
95%CI: 1.22-2.43) (Figure 3B).

3.2 | Base-case analysis

Compared with nivolumab, durvalumab, pembrolizumab,
and atezolizumab treatment strategies increased QALY by
0.19, 0.38, and 0.53, respectively, with incremental costs
of $ 37,425.6, $ 42,108.1, and $ 39,758.9, which induced
ICERs of $ 197,028.8/QALY, $ 111,859.0/QALY, and
$ 76,182.3/QALY, respectively (Table 2). These results

chemotherapy

durvalumab

atezolizumab

nivolumab

pembrolizumab

FIGURE 2 Network meta-analysis

indicated that atezolizumab and pembrolizumab had bet-
ter cost-effectiveness than durvalumab ($25,108.6 and
$7,029.2 per QALY), and atezolizumab was a significant
alternative to pembrolizumab based on the Chinese cost-
effectiveness threshold ($32,517.0/QALY) (Table 2).

In Chinese health insurance, PD-1/PD-L1 inhibitors
are the key items in insurance negotiations. The cost of
these drugs will eventually reduce to 20% of the original
cost. Therefore, to make accurate comparisons, the cost of
each drug was reduced by 20%, 40%, 60%, and 80%. The
results indicated that ICER gradually declined along-
side costs. Other drugs such as atezolizumab and pem-
brolizumab might have advantages after cost reductions
(Table 2).

3.3 | Sensitivity analysis

One-way sensitivity analyses indicated that the most in-
fluential parameters were the HRs of OS and PFS, util-
ity, progression costs, and terminal treatment per cycle.
However, adjusting these parameters might not yield sub-
stantial changes in ICER (Figure 4). The cost-effectiveness
acceptability curve indicated that nivolumab was the opti-
mal treatment in 97.5% of the iterations with the Chinese
willingness-to-pay threshold (Figure 5).

4 | DISCUSSION

Cost-effectiveness analysis is a key driver when resources
are allocated to fund innovations. Immunotherapy ap-
pears to be promising as an effective treatment for NSCLC,
but also appears as an expensive alternative to the current

®) 0.66 0.59 0.81
(0.46, 0.95) (0.37, 0.94) (0.53, 1.23)
1.35 0.90 1.24
(0.90, 2.02) (0.62, 1.30) (0.90, 1.70)
1.53 1.14 1.38
(0.90, 2.63 ) 0.73, 1.77) (0.90, 2.13)
1.18 0.88 0.78
(0.74, 1.92) (0.61, 1.27) (0.47, 1.30)
®) 1.30 1.72 127
(0.93,1.80) (1.22,2.43) (0.85,1.90)
1.03 1.33 0.98
(0.79,1.34) (1.03,1.71) (0.70,1.35)
0.81 0.79 0.74 FIGURE 3 The network meta-
(0.60,1.08) (0.61,1.01) (0.52,1.04) analysis of efficacy and safety. (A) OS at
the bottom left, PFS at the top right; (B)
118 L.15 1.46 Adverse reactions at the bottom left, and
(0.87.1.60) (0.88,1.50) (1.08,1.97) serious adverse reactions at the top right
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TABLE 2 Summary of cost (US $) and outcome results in base-case analysis

Mean Effect QALY Compared Incremental  Incremental
Strategy name cost ($) (Mean) with cost ($) QALY ICER ($) Rank
Base cases
Nivolizumab 226,164.9  0.96 1
Durvalumab 263,590.5 1.15 Nivolizumab 37,425.6 0.19 197,028.8
Pembrolizumab 268,273.0 1.34 Nivolizumab 42,108.1 0.38 111,859.0 4
Durvalumab 4682.5 0.19 25,108.6
Atezolizumab 265,923.7 1.49 Nivolizumab 39,758.9 0.52 76,182.3 3
Durvalumab 23333 0.33 7029.2
Pembrolizumab —2349.2 0.15 Dominated
Price reduction
Drug cost reduced by 20%
Nivolizumab 215,686.4  0.96 1
Durvalumab 243,663.4  1.15 Nivolizumab 27,977.0 0.19 147,286.1 3
Pembrolizumab 245,955.5 1.34 Nivolizumab 30,269.2 0.38 80,409.2 4
Durvalumab 2292.2 0.19 12,291.2
Atezolizumab 242,730.3 1.49 Nivolizumab 27,043.9 0.52 51,819.0 2
Durvalumab —933.1 0.33 Dominated
Pembrolizumab —3225.3 0.15 Dominated
Drug cost reduced by 40%
Nivolizumab 205,207.9  0.96 1
Durvalumab 223,736.3  1.15 Nivolizumab 18,528.4 0.19 97,543.4 4
Pembrolizumab 223,638.1 1.34 Nivolizumab 18,430.2 0.38 48,959.4 3
Durvalumab —98.1 0.19 Dominated
Atezolizumab 219,536.8  1.49 Nivolizumab 14,328.9 0.52 27,455.7 2
Durvalumab —4199.5 0.33 Dominated
Pembrolizumab —4101.3 0.15 Dominated
Drug cost reduced by 60%
Nivolizumab 194,729.4  0.96 1
Durvalumab 203,809.2 1.15 Nivolizumab 9079.7 0.19 47,800.7 4
Pembrolizumab 201,320.7 1.34 Nivolizumab 6591.3 0.38 17,509.6 3
Durvalumab —2488.5 0.19 Dominated
Atezolizumab 196,343.3 1.49 Nivolizumab 1613.9 0.52 3092.4 2
Durvalumab —7465.9 0.33 Dominated
Pembrolizumab —4977.4 0.15 Dominated
Drug cost reduced by 80%
Nivolizumab 184,250.9  0.96 4
Durvalumab 183,882.1  1.15 Nivolizumab —368.9 0.19 Dominated 3
Pembrolizumab 179,003.3 1.34 Nivolizumab —5247.7 0.38 Dominated 2
Durvalumab —4878.8 0.19 Dominated
Atezolizumab 173,149.8  1.49 Nivolizumab —11,101.1 0.52 Dominated 1
Durvalumab —10,732.2 0.33 Dominated
Pembrolizumab —5853.5 0.15 Dominated

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years.
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FIGURE 4 Tornado diagram of one-way deterministic sensitivity analysis in China

care standard.”* The PD-1/PD-L1 inhibitors clearly dem-
onstrated an increase in life expectancy over the current
chemotherapy standard, with an improved safety profile
as a first-line treatment.'*"?

NMAs were conducted to compare and benchmark
the respective effectiveness and safety of pembrolizumab,
nivolumab, atezolizumab, and durvalumab. The OS val-
ues of the results were similar among the four drugs, but
pembrolizumab and atezolizumab had better PFS than
nivolumab. Safety profiles indicated that atezolizumab
had a higher risk of severe adverse events than pembroli-
zumab and nivolumab. However, effectiveness and safety
were similar among the four drugs, which were not likely
to optimize the dosage. Cost-effectiveness was therefore
appropriate for distinguishing between the drugs. The
ICERs of the lifetime horizons of durvalumab, pem-
brolizumab, and atezolizumab against nivolumab were
estimated at $ 197,028.8/QALY, $ 111,859.0/QALY, and
$ 76,182.3/QALY, respectively. Other regimens, especially
pembrolizumab and durvalumab, were strictly dominated
by atezolizumab.

This study is the first that we are aware of that has ex-
amined the cost-effectiveness of four competing, first-line

PD-1/PD-L1inhibitors thatarelicensed and recommended
in current clinical guidelines. Our results will be greatly
significant for addressing resource limitations in health-
care settings. Recent economic evaluations raised a con-
troversy that pembrolizumab is more cost-effectiveness
than chemotherapy in the first-line treatment of advanced
NSCLC with high-level PD-L1 expression.”*** Compared
with chemotherapy, pembrolizumab has been indicated
as cost-effectiveness for treating Swiss NSCLC patients,
but unlikely to be cost-effectiveness for Singaporean
NSCLC patients. Moreover, nivolumab and atezolizumab
also showed similar results in comparison with chemo-
therapy in cost-effectiveness studies.>**"*” Although the
efficacy of PD-1/PD-L1 inhibitors is significantly greater
than that of chemotherapy, their cost is currently higher,
and does not provide benefits for some patients. High drug
costs have become the main driver for limiting widespread
immunotherapy use for cancer and bring great burdens
on both the patients themselves and society as a whole.?®
In other words, the benefits of immunotherapy depend
on economics in addition to effectiveness and safety.
However, no previous studies have investigated the opti-
mal PD-1/PD-L1 inhibitor for immunotherapy in NSCLC
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FIGURE 5 The cost-effectiveness acceptability curves for base case analyses in China

patients. Additionally, the survival status of cancer pa-
tients changes over time, and it is therefore very import-
ant for economic analyses to appropriately simulate the
survival status.?° The Kaplan-Meier survival curve can
reflect the changes in the survival state over a period of
time, but it is difficult to obtain the original data and eval-
uate the whole life cycle. Kaplan-Meier survival curves
can reflect survival changes over time, but it is difficult to
extract the original data and evaluate the entire life cycle.
Therefore, according to current economic evaluations
of chronic diseases such as cancer, the Markov model is
often recommended to simulate changes in survival sta-
tuses during the life cycle.

This study is therefore derived from the real data of
PFS and OS obtained from the IMpower 110 trial.’* Curve
resimulation indicated that the model is better for clinical
decision makers and management departments to refer to
during relevant health decisions.

This study was subject to several limitations. First,
due to the four investigated first-line regimes having no
previous evaluations within one trial, an NMA was con-
ducted for an indirect comparison. Second, a Weibull
survival model was used to simulate the lifetime

outcomes. Third, some key clinical input data, such as
data on the strategies for the PD-1/PD-L1 inhibitors,
were extracted from clinical reality in China. Finally,
the safety data did not include the grade 1 to 2 adverse
events of PD-1/PD-L1 inhibitors that are not currently
accepted treatments.

5 | CONCLUSION

In summary, the efficacy and safety of the four PD-1/
PD-L1 inhibitors analyzed in this study are similar. Only
the OS was marginally better for pembrolizumab and
atezolizumab than for nivolumab, and atezolizumab
had significantly higher SAE safety outcomes than pem-
brolizumab and nivolumab. From the perspective of the
Chinese healthcare system, nivolumab therapy is a cost-
effective alternative to other drugs as first-line treatments
for advanced NSCLC with high-level PD-L1 expression.
Atezolizumab may be more cost-effective than pembroli-
zumab and durvalumab as a first-line treatment for locally
advanced or metastatic NSCLC with high-level PD-L1
expression.
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