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Background: Immune checkpoint inhibitors (ICIs) plus chemotherapy were unlikely to be
considered cost-effective compared with chemotherapy as the first-line treatment of
patients with extensive-stage small-cell lung cancer (ES-SCLC) in China due to its high
costs. However, the cost-effectiveness of the comparison between the regimens of ICIs
plus chemotherapy were remained unclear yet. The aim of this study was to evaluate the
efficacy and cost-effectiveness of ICIs plus chemotherapy as the first-line treatment for
ES-SCLC from the perspective of the Chinese healthcare system.

Methods: A network meta-analysis (NMA) was conducted to indirect compare the clinical
benefits between the ICIs plus chemotherapy regimens. A decision-analytic model was
established to evaluate the cost-effectiveness from the Chinese healthcare system, the
clinical efficacy and safety data were obtained from the clinical trials and the results of
NMA. Cost and utility values were gathered from the local charges and previously studies.
Key outputs of the NMA were overall survival (OS) and progression-free survival (PFS).
Incremental cost-effectiveness ratios (ICERs) were estimated. One-way and probabilistic
sensitivity analyses were performed to explore the robustness of the model outcomes.

Results: Five clinical trials (IMpower133, CASPIAN, KEYNOTE-604, CA184-156, and
EA5161) of 1,255 patients received first-line ICIs plus chemotherapy strategies were
analyzed in the NMA. NMA showed that nivolumab plus chemotherapy was ranked higher
than other strategies. The cost-effectiveness analysis showed that atezolizumab plus
chemotherapy achieved relatively higher health benefits and lower costs. One-way
sensitivity analyses revealed that the cost of ICIs had the substantial impact on model
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outcomes. The probabilistic sensitivity analyses suggested that the probability of
atezolizumab plus chemotherapy could be considered cost-effective was more than
50% at the willingness-to-pay (WTP) threshold of $31,313/QALY in China. In scenario
analyses, when the price of nivolumab reduced 80%, the probability of nivolumab plus
chemotherapy being cost-effective was more than 50%.

Conclusions: The NMA and cost-effectiveness revealed that atezolizumab plus
chemotherapy is the most favorable first-line treatment for previously untreated ES-
SCLC patients compared other ICIs plus chemotherapy regimens in China. The price
reduction of nivolumab would make nivolumab plus chemotherapy be the most cost-
effective option in future possible context.
Keywords: immune checkpoint inhibitors, chemotherapy, extensive-stage small-cell lung cancer, cost-
effectiveness, first-line treatment
INTRODUCTION

The Global Burden of Disease Study revealed that lung cancer is
one of the leading causes of non-communicable disease burden
worldwide (1). Nearly 13–17% of all lung cancers are small-cell
lung cancer (SCLC), which is characterized by rapid doubling
time and showed the propensity for early development of
widespread metastases. The latest epidemiological survey
presented that the survival of SCLC remained low and stayed
at 14–15% (2). SCLC is the most aggressive type of all lung
cancers and with the inferior prognosis (3, 4). Approximately
two-thirds of all SCLC are progressed to extensive-stage (ES) at
the time of initial diagnosis (3), which with a two-year survival
rate is less than 5% by treating with the standard first-line
platinum-doublet chemotherapy strategy (4, 5). Therefore, the
development of novel drugs to manage ES-SCLC is necessary
(6–8).

Immune checkpoint inhibitors (ICIs), could reduce the
immunosuppression in the tumor microenvironment and
reactivate the antitumor function of T cells through inhibiting the
cytotoxic T lymphocyte-associated protein 4 (CTLA-4) and PD-1/
PD-L1 pathway (programmed cell death-1 and programmed cell
death receptor ligand-1 pathway) (9–13). Although ipilimumab plus
chemotherapy did not show the significant clinical benefit in
CA184-156 trial in the initial exploration, subsequent
IMpower133, CASPIAN, KEYNOTE-604, and EA5161 trial
revealed that atezolizumab plus chemotherapy, durvalumab plus
chemotherapy, pembrolizumab plus chemotherapy, and nivolumab
plus chemotherapy could be considered potential first-line
treatments for patients with ES-SCLC because these strategies
could significantly reduce the risk of disease progression and
death in comparison with standard platinum-based first-line
chemotherapy (14–18). ICIs has changed the traditional treatment
paradigm for previously untreated ES-SCLC with the approval of
PD-L1 inhibitors atezolizumab and durvalumab plus chemotherapy
in China and United states, though the two above PD-1 inhibitors
plus chemotherapy have not been approved for ES-SCLC in China
(19, 20). Although previous studies have shown that ICIs plus
chemotherapy regimens are unlikely to be cost-effective in the first-
2

line treatment for ES-SCLC when compared with chemotherapy in
China due to the high price of ICIs (21, 22), determining the most
cost-effective regimen and clearing the first treatment option among
above five ICIs plus chemotherapy strategies was also meaningful
and helpful for the clinical oncologists and Chinese healthcare
decision makers. However, no relevant study has directly
compared the above five ICIs plus chemotherapy regimens
with each other, so we conducted a network meta-analysis. The
objective of our study was to evaluate the cost-effectiveness of
atezolizumab plus chemotherapy, durvalumab plus chemotherapy,
pembrolizumab plus chemotherapy, nivolumab plus chemotherapy,
and ipilimumab plus chemotherapy as first-line treatments for
previously untreated ES-SCLC from the perspective of the
Chinese healthcare system.
METHODS

Network Meta-Analysis
Study Selection and Assessment of the Risk of Bias
The network meta-analysis was followed the PRISMA guidelines.
The electronic databases, namely, PubMed, EMBASE and the
Cochrane Central Register of Controlled Trials were searched
to identify the eligible randomized controlled trials (RCTs)
that compared PD-1/PD-L1 or CTLA-4 inhibitors plus
chemotherapy with chemotherapy for patients with previously
untreated ES-SCLC, eligible studies with the deadline up to June
22, 2021. We also searched the meeting abstracts presented at the
European Society of Medical Oncology (ESMO), the American
Society of Clinical Oncology (ASCO), the American Association
for Cancer Research (AACR), and the World Conference on
Lung Cancer (WCLC). Owing to the absence of the price
information, ICIs that were not approved in China were not
considered in our analysis such as avelumab. Publications
which were not written in English were ineligible, and only the
latest data of the same trial were considered for the network
meta-analysis. The risk of bias of clinical trials were evaluated in
RevMan software (version 5.3) based on Cochrane Collaboration’s
tool (23).
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Collection of Data
Independently screened studies were conducted by two reviewers
(SK and XCW). The collected data included study characteristics,
treatment strategies, and the HRs (hazard ratios) for PFS and OS.

Synthesis of Data and Statistical Analysis
We performed the network meta-analysis to obtain the HRs of
PFS and OS between the regimens of ICIs plus chemotherapy
based on the Bayesian methods. A fixed-effects model was used
for the analysis due to the absence of data to assess the
heterogeneity between trials, and the consistency test was
exempted because of the deficiency of a closed loop for the
indirect comparison (24, 25), ranking the different strategies in
terms of the surface under the cumulative ranking curve
(SUCRA). Statistical analysis was conducted by using R
software (version 4.0.5) with “gemtc” package.

Cost-Effectiveness Analysis
Analytical Overview and Model Structure
We conducted a mathematical model that combined decision
tree and partitioned survival model to assess the cost-
effectiveness of the following five competing regimens for
previously untreated extensive-stage small-cell lung cancer, that
included atezolizumab plus chemotherapy, durvalumab plus
chemotherapy, pembrolizumab plus chemotherapy, nivolumab
plus chemotherapy, and ipilimumab plus chemotherapy
(Figure 1A). The partitioned survival model included the
following three mutually exclusive health states reflecting
different characteristics of the disease: progression-free survival
(PFS), progressed disease (PD), and death (Figure 1B). The cycle
length of the partitioned survival model was set to be three weeks,
and the time horizon was ten years, the initial health state of all the
patients was PFS, and the patients either remained in their
assigned health state or redistributed to another health state
during each cycle. The proportion of patients in each state of
Frontiers in Oncology | www.frontiersin.org 3
each cycle was determined by the PFS rates and OS rates which
were obtained from the clinical trials and the NMA. The following
hypothetical patient cohort demographics when entering the
partitioned survival model matched those of the patients in the
IMpower133, CASPIAN, KEYNOTE-604, and CA184-156 trials:
64 years old and histologically or cytologically confirmed ES-SCLC
with not previously systemic therapy treated. The main outcomes
included total costs, life-years (LYs), quality-adjusted life years
(QALYs), and incremental cost-effectiveness ratios (ICERs) were
estimated. We also estimated the incremental net-monetary
benefits (INMBs) based on the following formula: INMB =
(E1 − E2) ∗ l − (C1 − C2) = DE ∗ l − DC, where l was the
willingness-to-pay (WTP) threshold in China. Costs and QALYs
were discounted at an annual rate of 5% according to Chinese
guidelines for pharmacoeconomic evaluations (26). All costs were
shown in 2020 US dollars (US $1 = CNY ¥6.898). Three times of
the per capita gross domestic product (GDP) of China in 2020 (US
$31,313/QALY) was used as the WTP threshold to judge the
cost-effectiveness of the five competing strategies (27).

Clinical Data
Clinical efficacy and safety data were obtained from the
IMpower133, CASPIAN, KEYNOTE-604, CA184-156, and
EA5161 trials. In clinical trials, Atezolizumab plus chemotherapy,
durvalumab plus chemotherapy, pembrolizumab plus
chemotherapy, ipilimumab plus chemotherapy, and nivolumab
plus chemotherapy could make the median progression-free
survival reach 5.2 months (95%CI: 4.4–5.6), 5.1 months (95%CI:
4.7–6.2), 4.5 months (95%CI: 4.3–5.4), 4.6 months (95%CI: 4.5–5.0),
and 5.5 months, respectively. The five first-line regimens could
extent the median overall survival to 12.3 months (95%CI: 10.8–
15.9), 12.9 months (95%CI: 11.3–14.7), 10.8 months (95%CI: 9.2–
12.9), 11.0 months (95%CI: 10.5–11.3), and 11.3 months,
respectively. We reconstructed the individual patient time-to-
event data and extrapolated the Kaplan–Meier (KM) curves
A B

FIGURE 1 | The structure of the (A) decision tree and (B) partitioned survival model. ES-SCLC, extensive-stage small-cell lung cancer; PFS, progression-free
survival; PD, progressed disease.
January 2022 | Volume 11 | Article 740091
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beyond the follow-up duration of the clinical trials by fitting the
parametric survival functions among: exponential, gamma,Weibull,
log-normal, log-logistic, and Gompertz (28). The GetData Graph
Digitizer software (version 2.26; http://www.getdata-graphdigitizer.
com/index.php) was used to extract the data point from the KM
curves, and R software (version 4.0.5) was used for statistical
analysis. Visual inspection and Akaike information criterion
(AIC) were used to judge the goodness of model fitting. AIC
values and best fitted models are shown in Supplementary
Table 1. The comparison between fitting curves and KM curves
of the four ICIs plus chemotherapy regimens are shown in
Supplementary Figures 1–4. The above algorithm was not
applicable to nivolumab plus chemotherapy due to the
incomplete data disclosed in EA5161 trial. Similar to the
previously study done, we used the survival data of durvalumab
plus chemotherapy as the baseline treatment because of the longer
mature follow-up time (29). The PFS and OS rates of atezolizumab,
pembrolizumab, nivolumab, and ipilimumab plus chemotherapy
were estimated by multiplying the survival probabilities of
durvalumab plus chemotherapy and HRs of the two treatments
against durvalumab plus chemotherapy, respectively, which were
obtained from the above NMA. After the disease progressed, the
proportion of patients who received second-line treatment was
gathered from the clinical trials. However, IMpower133 trial,
CASPIAN trial, and CA184-156 trial did not declare the specific
subsequent anticancer therapy, thus to simplify the model and
reflect patients benefit, we assumed topotecan as the second-line
treatment when the disease progressed. In response to the immature
data in EA5161 trial, we made reasonable assumptions based on
relevant data and examined them in the sensitivity analyses.

Cost and Utility Data
This current cost-effectiveness analysis was performed from the
perspective of the Chinese healthcare system, so the indirect and
hidden costs were not included, only direct medical costs were
calculated, namely, drug acquisition costs of first-line and
second-line treatments, costs of routine follow-up and best
supportive care (BSC), terminal care and management of
treatment-related serious adverse events (SAEs, grade ≥3).

Drug administration schedules in the cost-effectiveness
analysis were consistent with the clinical trials (14–18). We
assumed a typical patient had a body surface area (BSA) of
1.72 m2 (height: 1.64 m; weight: 65 kg) to calculate the dose of the
agents (30). Currently, atezolizumab patient assistance program
(PAP) was conducted for patients with ES-SCLC to improve the
drug affordability in China, where the PAP supports patients to
pay atezolizumab for the first two cycles, and then they will
receive free atezolizumab for the next three cycles, and continue
cycling. We considered this PAP in our analysis. The Chinese
government adopted the way of national medical insurance
negotiation based on the pharmacoeconomic evidence to
improve the cost-effectiveness of the high-value innovative
drugs. Although the last results of the 2021 national medical
insurance negotiation revealed that all of the five ICIs failed to be
included in the Nation Medical Insurance List, we also
considered the effect of price fluctuations on the robustness of
the model results in sensitivity analyses.
Frontiers in Oncology | www.frontiersin.org 4
Each health state was assigned a utility preference on a scale of
0 (death) to 1 (perfect health). The health state utility values in
our model were obtained from the previously published studies,
where the utility values of PFS, PD, and death were 0.673, 0.473
and 0, respectively (31, 32). The reported disutility caused by
SAEs were also considered in the model. All the key clinical
inputs are shown in Table 1.

Sensitivity Analyses
One-way and probabilistic sensitivity analyses (PSA) were
conducted to test the robustness of the model outcomes. In the
one-way sensitivity analyses, parameters were changed one-by-
one over its preset plausible range to estimate which parameter
plays a vital role on the model outcomes. The plausible range of
each parameter was based on the 95% confidence intervals
obtained from the published studies or by assuming ±25% of
the base-case values when the data were not available. The
plausible ranges are shown in Table 1. The results of one-way
sensitivity analyses were performed in the Tornado diagram. For
the PSA, a Monte Carlo simulation of 1,000 replications was
conducted by jointly sampling the key model parameters from
the pre-specified statistical distribution. Log-normal distribution
was selected for HRs between the competing regimens, gamma
distribution for costs, and beta distribution for proportions,
incidence rates, and utility values (42). That was, a set of 1,000
estimated outcomes was gathered, and this data set was used to
create the cost-effectiveness acceptability curves (CEACs), which
represented the probability of each competing strategy that
would be considered cost-effective at various WTP thresholds.
RESULTS
Network Meta-Analysis
After searching databases and selecting literatures, a total of five
clinical trials (IMpower133, CASPIAN, KEYNOTE-604, CA184-
156, and EA5161) involving 1,255 patients were included in
the network meta-analysis (Supplementary Figure 5) from the
identified 19,273 records. The risk of bias judgements for the
included studies is presented in Supplementary Figure 7.
Nivolumab plus chemotherapy was ranked higher than other
compared strategies based on the HRs for PFS and OS
(Supplementary Figure 8). The HRs for PFS and OS of the
indirect comparisons between five regimens are shown in Table 2.

Cost-Effectiveness Analysis
Base-Case Analysis
From the perspective of the Chinese healthcare system, in a ten-year
horizon, nivolumab plus chemotherapy could bring the greatest
clinical benefit followed by atezolizumab plus chemotherapy; the
cost of atezolizumab plus chemotherapy is the lowest among the
five competing regimens due to the PAP. The cost of ipilimumab
plus chemotherapy is the most and the QALYs obtained was least,
and it suggested that ipilimumab plus chemotherapy is the
dominated strategy. The base-case results revealed that
atezolizumab plus chemotherapy could be considered the most
cost-effective option for previously untreated ES-SCLC. The health
benefit and economic outcomes are summarized in Table 3.
January 2022 | Volume 11 | Article 740091
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TABLE 1 | Model inputs: base-line values, ranges, and distributions for sensitivity analyses.

Parameters Base-line value Range Distribution Reference

Minimum Maximum

Clinical inputs
Log-logistic PFS survival model of Durc Shape = 1.997;

Scale = 5.858
ND ND Fixed (16)

Gamma OS survival model of Durc Shape = 1.463;
Rate = 0.086

ND ND Fixed (16)

HR of PFS (Atec versus Durc) 0.96 0.72 1.3 Log-normal NMA
HR of PFS (Pemc versus Durc) 0.94 0.71 1.2 Log-normal NMA
HR of PFS (Nivc versus Durc) 0.81 0.55 1.2 Log-normal NMA
HR of PFS (Ipic versus Durc) 1.1 0.85 1.3 Log-normal NMA
HR of OS (Atec versus Durc) 0.93 0.67 1.3 Log-normal NMA
HR of OS (Pemc versus Durc) 1.1 0.8 1.4 Log-normal NMA
HR of OS (Nivc versus Durc) 0.89 0.58 1.4 Log-normal NMA
HR of OS (Ipic versus Durc) 1.3 0.96 1.6 Log-normal NMA

Cost inputs (US $)
Durvalumab per 1,500 mg 7,866.6 5,899.95 9,833.25 Gamma Local charge
Atezolizumab per 1,200 mg 4,755 3,566.25 5,943.75 Gamma Local charge
Pembrolizumab per 200 mg 5,195.1 3,896.33 6,493.88 Gamma Local charge
Nivolumab per 40 mg 665 498.75 831.25 Gamma Local charge
Ipilimumab per 1 mg 81.2 60.9 101.5 Gamma Local charge
Carboplatin per 100 mg 11.7 8.78 14.63 Gamma Local charge
Cisplatin per 10 mg 2.5 1.88 3.13 Gamma Local charge
Etoposide per 100 mg 35.5 26.63 44.38 Gamma Local charge
Topotecan per 1 mg 25 18.75 31.25 Gamma Local charge
Routine follow-up per cycle 59.2 44.4 74 Gamma (33)
Best supportive care per cycle 359 169 845 Gamma (34)
Terminal care 2,176 845 5,812 Gamma (34)
Neutropenia per event 466 415 508 Gamma (35)
Anemia per event 537 478 585 Gamma (35)
Decreased neutrophil count per event 466 0 1,384 Gamma (36)
Thrombocytopenia per event 6,397 5,117 7,676 Gamma (37)
Leukopenia per event 466 415 508 Gamma (35)
Febrile neutropenia per event 953 715 1,191 Gamma (38)
Diarrhea per event 29 21.75 36.25 Gamma (39)
Management SAEs in Nivc group 446 255 1,009 Gamma (40)

Utility inputs
Utility of PFS 0.673 0.5 0.84 Beta (31, 32)
Utility of PD 0.473 0.35 0.6 Beta (31, 32)

Disutility of toxicities
Neutropenia −0.2 −0.15 −0.25 Beta (41)
Anemia 0.073 −0.037 −0.11 Beta (32)
Decreased neutrophil count −0.2 −0.15 −0.25 Beta (41)
Thrombocytopenia −0.19 −0.143 −0.238 Beta (41)
Leukopenia −0.2 −0.15 −0.25 Beta (41)
Febrile neutropenia −0.42 −0.315 −0.525 Beta (41)
Diarrhea −0.07 −0.0525 −0.0875 Beta (41)
SAEs in Nivc group −0.157 −0.118 −0.196 Beta (10)

Risk of serious adverse events in Atec group
Neutropenia 0.232 0.173 0.291 Beta (15)
Anemia 0.141 0.093 0.189 Beta (15)
Decreased neutrophil count 0.141 0.093 0.189 Beta (15)
Thrombocytopenia 0.101 0.059 0.143 Beta (15)
Leukopenia 0.05 0.02 0.08 Beta (15)

Risk of serious adverse events in Durc group
Neutrophil 0.24 0.189 0.291 Beta (16)
Anemia 0.09 0.056 0.124 Beta (16)
Thrombocytopenia 0.06 0.031 0.089 Beta (16)
Decreased neutrophil count 0.06 0.031 0.089 Beta (16)
Febrile neutropenia 0.053 0.026 0.08 Beta (16)

Risk of serious adverse events in Pemc group
Neutrophil 0.435 0.37 0.5 Beta (17)
Anemia 0.157 0.109 0.205 Beta (17)

(Continued)
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Sensitivity Analyses
We selected three representative pairwise comparisons in the
one-way sensitivity analyses. A tornado diagram of the one-way
Frontiers in Oncology | www.frontiersin.org 6
sensitivity analyses is shown in Figure 2. The INMBs were
substantially sensitive to the cost of the ICIs, and other
parameters had medium or small impact on the INMBs.
TABLE 1 | Continued

Parameters Base-line value Range Distribution Reference

Minimum Maximum

Thrombocytopenia 0.139 0.094 0.184 Beta (17)
Leukopenia 0.117 0.075 0.159 Beta (17)

Risk of serious adverse events in Ipic group
Diarrhea 0.07 0.047 0.093 Beta (14)
Neutropenia 0.14 0.109 0.171 Beta (14)
Anemia 0.08 0.056 0.104 Beta (14)
Decreased neutrophil count 0.07 0.047 0.093 Beta (14)

Risk of serious adverse events in Nivc group
SAEs 0.77 0.578 0.963 Beta (18)

Others
Proportion of patients received carboplatin in Durc group 0.75 0.698 0.802 Beta (16)
Proportion of patients received carboplatin in Pemc group 0.75 0.689 0.802 Beta (17)
Proportion of patients received carboplatin in Ipic group 0.65 0.611 0.689 Beta (14)
Proportion of patients received carboplatin in Nivc group 0.6 0.45 0.75 Beta assumed
Proportion of patients received second-line treatment in Atec group 0.502 0.433 0.571 Beta (15)
Proportion of patients received second-line treatment in Durc group 0.44 0.381 0.499 Beta (16)
Proportion of patients received second-line treatment in Pemc group 0.53 0.464 0.596 Beta (17)
Proportion of patients received second-line treatment in Ipic group 0.48 0.435 0.525 Beta (14)
Proportion of patients received second-line treatment in Nivc group 0.5 0.375 0.625 Beta assumed
Discount rate 0.05 0 0.08 ND (26)
January 20
22 | Volume 11 | A
PFS, progression-free survival; OS, overall survival; ND, not determined; HR, hazard ratio; NMA, network meta-analysis; Durc, durvalumab plus chemotherapy; Atec, atezolizumab plus
chemotherapy; Pemc, pembrolizumab plus chemotherapy; Nivc, nivolumab plus chemotherapy; Ipic, ipilimumab plus chemotherapy; SAEs, serious adverse events; PD, progressed disease.
TABLE 2 | Hazard ratios (green cell) of the network meta-analysis of the progression-free survival and overall survival.

Progression-free survival

Atec Durc Pemc Nivc Ipic

Atec 1 0.96 (95%CI: 0.72–1.3) 1.0 (95%CI: 0.76–1.4) 1.2 (95%CI: 0.79–1.8) 0.91 (95%CI: 0.7–1.2)
Durc 1.0 (95%CI: 0.78–1.4) 1 1.1 (95%CI: 0.81–1.4) 1.2 (95%CI: 0.83–1.8) 0.94 (95%CI: 0.75–1.2)
Pemc 0.97 (95%CI: 0.72–1.3) 0.94 (95%CI: 0.71–1.2) 1 1.2 (95%CI: 0.78–1.7) 0.88 (95%CI: 0.7–1.1)
Nivc 0.84 (95%CI: 0.56–1.3) 0.81 (95%CI: 0.55–1.2) 0.87 (95%CI: 0.58–1.3) 1 0.77 (95%CI: 0.53–1.1)
Ipic 1.1 (95%CI: 0.86–1.4) 1.1 (95%CI: 0.85–1.3) 1.1 (95%CI: 0.89–1.4) 1.3 (95%CI: 0.91–1.9) 1
Overall survival

Atec Durc Pemc Nivc Ipic
Atec 1 0.93 (95%CI: 0.67–1.3) 0.87 (95%CI: 0.62–1.2) 1.0 (95%CI: 0.66–1.7) 0.74 (95%CI: 0.55–1.0)
Durc 1.1 (95%CI: 0.77–1.5) 1 0.94 (95%CI: 0.71–1.3) 1.1 (95%CI: 0.73–1.7) 0.8 (95%CI: 0.63–1.0)
Pemc 1.1 (95%CI: 0.81–1.6) 1.1 (95%CI: 0.8–1.4) 1 1.2 (95%CI: 0.77–1.8) 0.85 (95%CI: 0.66–1.1)
Nivc 0.96 (95%CI: 0.6–1.5) 0.89 (95%CI: 0.58–1.4) 0.84 (95%CI: 0.54–1.3) 1 0.71 (95%CI: 0.47–1.1)
Ipic 1.3 (95%CI: 0.99–1.8) 1.3 (95%CI: 0.98–1.6) 1.2 (95%CI: 0.91–1.5) 1.4 (95%CI: 0.94–2.1) 1
Atec, atezolizumab plus chemotherapy; Durc, durvalumab plus chemotherapy; Pemc, pembrolizumab plus chemotherapy; Nivc, nivolumab plus chemotherapy; Ipic, ipilimumab plus
chemotherapy.
TABLE 3 | Base-case results.

Strategy Total Cost, $ LYs QALYs ICER ($/QALY, versus Pemc) INMB (versus Pemc)

Pemc 72,012.27 1.34 0.75 – –

Durc 90,750.92 1.45 0.79 469,482.10 -17,488.84
Atec 41,194.22 1.54 0.83 Dominate 33,381.86
Nivc 87,897.01 1.60 0.88 119234.60 -11,713.14
Ipic 249,215,23 1.18 0.66 Dominated -179,930.64
LYs, life-years; QALYs, quality-adjusted life years; ICER, incremental cost-effectiveness ratio; INMB, incremental net-monetary benefit; Pemc, pembrolizumab plus chemotherapy; Durc,
durvalumab plus chemotherapy; Atec, atezolizumab plus chemotherapy; Nivc, nivolumab plus chemotherapy; Ipic, ipilimumab plus chemotherapy.
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A

B

C

FIGURE 2 | Tornado diagram of one-way sensitivity analyses with greatest influence parameters in (A) Durc versus Pemc, (B) Nivc versus Pemc and (C) Nivc versus
Atec. Durc, durvalumab plus chemotherapy; Nivc, nivolumab plus chemotherapy; Pemc, pembrolizumab plus chemotherapy; Atec, atezolizumab plus chemotherapy;
HR, hazard ratio; INMB, incremental net-monetary benefit; PFS, progression-free survival; PD, progressed disease; OS, overall survival.
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In the probabilistic sensitivity analyses, the cost-effectiveness
acceptability curves (Figure 3A) demonstrated that the probability
of atezolizumab plus chemotherapy being cost-effective was 99.7%
at a WTP threshold of $31,313 per QALY gained in China. When
the WTP threshold was increased to $740,000/QALY, nivolumab
plus chemotherapy was likely to be the most cost-effective option
among the five competing regimens.

Concomitant with the decline in the price of nivolumab,
the results of the probabilistic sensitivity analyses have
changed (Figures 3B–D). When the price of nivolumab
Frontiers in Oncology | www.frontiersin.org 8
reduced 40 and 60%, atezolizumab plus chemotherapy is
still the most preferred option at a WTP threshold of $31,313
per QALY gained in China; nivolumab plus chemotherapy
could be considered the most cost-effective strategy when
the WTP threshold increased to $320,000/QALY, and
$43,000/QALY, respectively. When the price of nivolumab
reduced 80%, the combination regimen of nivolumab plus
chemotherapy was likely to be the cost-effective first-line
treatment for ES-SCLC in China at the WTP threshold of $0/
QALY to $100,000/QALY.
A B

C D

FIGURE 3 | Cost-effectiveness acceptability curves of five immunotherapy plus chemotherapy regimens (A) Nivolumab at 100% cost, (B) Nivolumab at 60% cost,
(C) Nivolumab at 40% cost, (D) Nivolumab at 20% cost. Durc, durvalumab plus chemotherapy; Atec, atezolizumab plus chemotherapy; Pemc, pembrolizumab plus
chemotherapy; Nivc, nivolumab plus chemotherapy; Ipic, ipilimumab plus chemotherapy; QALY, quality-adjusted life year; WTP, willingness-to-pay.
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DISCUSSION

Reports of the clinical benefits from ICIs plus chemotherapy as the
first-line treatment for ES-SCLC in the clinical trials motivated
greatest interest for both oncologists and healthcare decision
makers. However, the healthcare cost is increased dramatically
due to the high price of the ICIs, so the economic evaluation of the
ICIs plus chemotherapy is necessary especially for resource-
limited countries such as China. Although previously studies
demonstrated that ICIs plus chemotherapy was unlikely to be
cost-effective compared with chemotherapy for previously
untreated ES-SCLC, the cost-effectiveness between the first-line
ICIs plus chemotherapy regimens was not clear yet. So, we
conducted the NMA and cost-effectiveness analysis to clear the
first treatment option and evaluate the economic outcomes based
on the Chinese context. To the best of our knowledge, this is the
first study to examine the cost-effectiveness of the five competing,
first-line ICIs plus chemotherapy treatment options (atezolizumab
plus chemotherapy, durvalumab plus chemotherapy,
pembrolizumab plus chemotherapy, nivolumab plus
chemotherapy and ipilimumab plus chemotherapy) in China.
The findings of the NMA suggested that nivolumab plus
chemotherapy was ranked higher than other regimens for
previously untreated ES-SCLC. The main findings of the current
cost-effectiveness analysis revealed that atezolizumab plus
chemotherapy for treating newly diagnosed ES-SCLC could
provide relatively more health benefits and less resource
consumption, and these findings suggested that atezolizumab
plus chemotherapy would be the cost-effective therapeutic
approach. The PSA found that the model results were robust.
We also conducted the scenarios analyses to explore the potential
economic impact of the possible price reduce of nivolumab in the
future. The scenarios analyses revealed that when the price of
nivolumab reduced 80%, the combination strategy of nivolumab
plus chemotherapy would likely to be the most cost-effective first-
line option for ES-SCLC of the five competing regimens in China.
As the results of previous systematic review have shown (43),
because the cost inputs are region-specific, the generalizability and
transferability of the results from the cost-effectiveness analysis
were limited, so the results and conclusions of the current
economic analysis were only applicable to China and not to
western countries.

Due to the absence of the direct comparison of the five
regimens, we conducted the NMA and use the durvalumab
plus chemotherapy regimen as the baseline treatment. One
recent analysis evaluated the cost-effectiveness of durvalumab
plus chemotherapy versus chemotherapy as the first-line
treatment for patients with ES-SCLC based on the CASPIAN
trial in Chinese context (21), which reported that the cost of
durvalumab plus chemotherapy regimen was similar to the
current analysis, and the QALYs were slightly different to the
current analysis, that might be caused by the different follow-up
times of the CASPIAN trial used in the two analyses. Another
study assessed the economic outcomes of atezolizumab plus
chemotherapy versus chemotherapy for previously untreated
ES-SCLC from the Chinese perspective (22), and the reported
QALYs of atezolizumab plus chemotherapy were generally
Frontiers in Oncology | www.frontiersin.org 9
coherent with our study; though the reported costs were high
than our analysis, it because that we considered the atezolizumab
PAP in the current analysis, and this is the main reason that
caused the cost of atezolizumab plus chemotherapy lower than
the other four competing strategies. The Chinese government
and manufactures adopted a series of measures to improve
affordability of the ICIs. Among them, the provision of the
PAP is a very important approach. However, we only
considered the atezolizumab PAP in our study, because the
PAP of durvalumab, pembrolizumab, nivolumab, and
ipilimumab were not performed for patients with ES-SCLC,
and we will update our analysis when the PAP of them
were applicable.

The current economic evaluation has several potential
limitations. First, since there are no clinical trials that directly
compared the five ICIs plus chemotherapy regimens; the NMA
was conducted in our study of an indirect comparison, where the
patient characteristics were assumed to be similar. Second, a log-
logistic survival model and a gamma survival model were used to
estimate the long-time health benefits for durvalumab plus
chemotherapy, and the HRs of PFS and OS were used to simulate
the long-time health outcomes for other combination regimens of
ICIs plus chemotherapy. This approach was another inevitable
limitation of the analysis. Third, due to the inconsistency of the
subgroup information across the clinical trials, we did not conduct
the subgroup analysis of the cost-effectiveness between the five ICIs
plus chemotherapy regimens. Fourth, some key model inputs, such
as the cost of best supportive care per cycle, were obtained from the
published literatures rather than the real-world medical data,
sensitivity analyses were performed to explore and minimize the
potential uncertainty of the model results. Fifth, certain parameters
in the cost-effectiveness analysis were assumed due to the absence of
data, and the costs for the management of grade 1/2 treatment-
related serious adverse events were excluded from the analysis,
although one-way sensitivity analyses performed that only minimal
influence of the model results. Finally, the utility values were
obtained from the foreign study and that might reflect the health
preference of the Chinese population well, although small impact
were found in the one-way sensitivity analyses. Despite these
limitations, we believe that the current study accurately reflected
the clinical conditions of ES-SCLC in China.
CONCLUSION

In conclusion, nivolumab plus chemotherapy was the best ranked
treatment based on the HRs of PFS and OS compared with other
first-line regimens for ES-SCLC. Atezolizumab plus chemotherapy
as first-line treatment for patients with ES-SCLC is indicated as a
cost-effective option compared with other combination therapy of
ICIs plus chemotherapy from the Chinese healthcare system,
based on its relatively higher health benefits and lower costs due
to the atezolizumab PAP. For the future possible scenarios,
when the price of nivolumab reduced 80%, nivolumab plus
chemotherapy could be considered the most cost-effective
treatment among the five first-line therapies in China.
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