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Purpose: The IPSOS study provided evidence supporting the efficacy and tolerability of first-line atezolizumab compared to single- 
agent chemotherapy for non-small-cell lung cancer (NSCLC) patients ineligible for treatment with a platinum-containing regimen. 
This study aimed to assess the cost-effectiveness of atezolizumab specifically in this population, considering the perspective of the 
Chinese healthcare system.
Patients and Methods: In this analysis, a three-state Markov model was utilized. The survival data were derived from the IPSOS 
clinical trial. Direct medical costs and utility values were collected from national authoritative database and published literature. The 
primary outcomes were costs, quality-adjusted life-years (QALYs) and incremental cost-effectiveness ratio (ICER). To ensure the 
robustness of our model, both one-way and probabilistic sensitivity analyses were conducted.
Results: Atezolizumab monotherapy led to an increase in costs of $4139.23 compared to single-agent chemotherapy. Additionally, it 
resulted in a gain of 0.14 QALYs, leading to an ICER of $29,365.79 per QALY, which was below the willingness-to-pay threshold of 
$36,066 per QALY used in the model. One-way sensitivity analyses revealed cost of atezolizumab and utility of progressive disease 
(PD) as major influencing factors for ICER. Furthermore, probabilistic sensitivity analyses confirmed our base-case results.
Conclusion: From the perspective of the Chinese healthcare system, atezolizumab emerges as a cost-effective choice for the first-line 
treatment of NSCLC patients ineligible for platinum-based chemotherapy.
Keywords: atezolizumab, cost-effectiveness, NSCLC, IPSOS

Introduction
The Global Burden of Disease Study has highlighted the significant impact of lung cancer as a leading contributor to the 
burden of non-communicable diseases worldwide.1,2 In terms of both incidence and mortality, lung cancer takes 
precedence among all types of cancers, accounting for approximately 22% of cancer-related deaths in China.3–6 Non- 
small cell lung cancer (NSCLC) represents the majority, ranging 85% to 90%,7,8 of all lung cancers cases, with nearly 
60% of NSCLC patient already diagnosed at an advanced stages.9–11 According to the Chinese Society of Clinical 
Oncology guidelines for NSCLC (2023 edition), platinum-based chemotherapy doublets remain the primary treatment 
strategy for advanced NSCLC patients who not possess epidermal growth factor receptor (EGFR) or anaplastic 
lymphoma kinase-positive (ALK) mutations.12 The guideline recommends this approach as the first-line option for 
patients with an Eastern Cooperative Oncology Group Performance Status (ECOG PS) of 0–1 (Level I), while it may be 
considered as a secondary choice (Level II) for individuals with an ECOG PS score of 2. Unfortunately, for NSCLC 
patients who are ineligible for platinum-containing regimens, the available treatment options are quite limited.
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In recent years, cancer immunotherapy, particularly with atezolizumab targeting PD-L1, has revolutionized treatment 
options for advanced NSCLC lacking driver mutations.13,14 Atezolizumab’s approval by the National Medical products 
Administation for first or second-line NSCLC treatment underscores its remarkable clinical efficacy.15 Notably, a Phase 3 
study (IPSOS) compared atezolizumab monotherapy to standard single-agent chemotherapy (gemcitabine or vinorels-
bine) in the first-line treatment of NSCLC patients ineligible for platinum-containing regimens, revealing improved 
overall survival (median OS 10.3 months vs 9.2 months; stratified hazard ratio 0.78 [0.63–0.97], p=0.028) and 
a favorable safety profile for atezolizumab.16 The study categorized patients based on PD-L1 expression levels into 
four tiers (TC <1%, TC ≥1%, TC 1–49%, and TC ≥50%), with varying percentages across these levels for both 
atezolizumab monotherapy and single-agent chemotherapy recipients. Notably, PD-L1 expression was not restricted by 
the nadir criteria of the IPSOS trial.

Atezolizumab offers significant clinical advantages but comes with a high price that creates a substantial financial 
burder. Its annual cost in China exceeds the per capita GDP in China by 3.73 times.17 With 1060,600 new cases of 
advanced lung cancer diagnosed annually in China, approximately 328,000 individuals are not suitable candidates for 
platinum-containing regimens.18 This sizable population represents a significant group that could potentially benefit from 
atezolizumab treatment. Consequently, there is an urgent necessity for pharmacoeconomic evaluations of atezolizumab in 
the management of NSCLC patients ineligible for platinum-based chemotherapy. To address these concerns, this study 
aims to investigate the cost-effectiveness of atezolizumab monotherapy for NSCLC patients who are ineligible for 
platinum-based chemotherapy within the perspective of the Chinese healthcare system.

Materials and Methods
Overview
With the software Excel (version 2019) for mathematical modeling and R (version 4.0.4, http://www.r-project.org) for 
survival fitting, a economic evaluation was constructed to investigate the cost-effectiveness of atezolizumab and single- 
agent chemotherapy for patients who are ineligible for platinum-based chemotherapy NSCLC from the Chinese health- 
care perspective. This economic evaluation was conducted based on the IPSOS study (ClinicalTrials.gov identifier: 
NCT03191786), which sought compare the cost-effectiveness of atezolizumab monotherapy with single-agent che-
motherapy (vinorelbine or gemcitabine) as a first-line treatment for patients with NSCLC who were not suitable for 
platinum-containing regimens. Since the data used in this study was obtained from published sources, the approval from 
ethical review was exempted by the Clinical Ethics Committee (EC) of affiliated hospital of Jining medical university 
according to the Measures for Ethical Review of Life Science and Medical Research Involving Humans (2023).19 This 
economic evaluation was guided by the Chinese guidelines for pharmacoeconomic evaluation (2020).20

Model Construction
This study followed the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) reporting guidelines, 
which provide standardized guidelines for reporting health economic evaluations.21 In this study, a Markov model was 
constructed to evaluate the long-term costs and quality-adjusted life-years (QALYs) of atezolizumab and chemotherapy. 
The Markov model consisted of three mutually exclusive health states: progression-free survival (PFS), progressive 
disease (PD), and death. Patients in both treatment arms were assumed to be in the PFS health state at the beginning of 
the simulation and could either remain in this state or transition to another health state based on the calculated transition 
probability during each Markov cycle. The model structure is shown in Figure 1.

The analysis was conducted from the perspective of the Chinese health-care system, using a lifetime horizon. The 
cycle length of the model was set to 21 days, which aligned with the medication plan used in the IPSOS trial. The 
primary outcomes assessed in the model included the costs, quality-adjusted life years (QALYs), and incremental cost- 
effectiveness ratio (ICER). Costs and health outcomes were discounted at a rate of 5%, following the Chinese 
Pharmacoeconomic Evaluation Guidelines 2020.20
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Clinical Effectiveness
This study utilized efficacy and safety data from the IPSOS trial. The transition probability from the progression-free 
survival (PFS) health state to death (pFTD) for each treatment was derived from the overall survival (OS) curve of the 
IPSOS trial. However, since PFS curves were not available, the probability of remaining in the PFS health state (pFTF) 
for both the atezolizumab and chemotherapy groups was estimated using median PFS time.

To extract data points from the OS curves, the GetData Graph Digitizer (version 2.26; http://www.getdata- 
graphdigitizer.com/index.php) was utilized to reconstruct individual patient data following Guyot et al’s method.22 

Five commonly used parametric survival distributions (exponential, gamma, Weibull, log-logistic, and log-normal) 
were assessed for their goodness-of-fit in extrapolating long-term efficacy beyond the clinical trial follow-up period.23 

The best-fit survival model, determined by smaller Akaike Information Criterion (AIC) and Bayesian Information 
Criterion (BIC), as well as visual fitting comparisons of KM curves and models curves,24 led to the selection of the log- 
normal distribution for fitting the OS data in both the atezolizumab and chemotherapy groups. Supplementary Figure S1 
illustrates the OS fitting curves for both the atezolizumab and chemotherapy groups, whereas Supplementary Table S1 
provides a comprehensive description of the survival model selection, and Supplementary Table S2 presents the survival 
parameters used in the model.

Medical Costs
In our cost-effectiveness analysis, we focused on direct medical costs, which included costs for drug acquisition, follow- 
up visits, second-line treatment, laboratory test and tumor-related examinations, managing adverse events (AEs), best 
supportive care and terminal care. The drug administration cycles aligned with those in the IPSOS trial. To determine the 
dosage of chemotherapy drugs, we assumed a typical patient had a body surface area (BSA) and weight of 1.72m2 and 
65kg, respectively.25 For simplicity, we considered only the costs of grade 3–4 AEs. Upon disease progression, patients 
were recommended to receive second-line treatment based on the CSCO guidelines for NSCLC (2023 edition).26 In this 
analysis, patients in the atezolizumab group were selected for docetaxel maintenance therapy after disease progression, 
while patients in the chemotherapy group opted for nivolumab maintenance therapy. All costs were obtained from local 
bid-winning price and previously published literature.22–24,27,28 Additionally, all costs were adjusted to US dollars in 
2023 (US $1 = CNY 7.128). All the related parameters are shown in Supplementary Table S3.

As there is no information available about the quality-of-life data from the IPSOS trial, utility values used in this 
study were obtained from previously published literature.29 For the PFS health state, a utility value of 0.804 was 
assigned, while for the PD health state, a utility value of 0.321 was assigned.

Sensitivity Analysis
To assess the uncertainty surrounding the model parameters, we conducted both one-way sensitivity analysis and 
probability sensitivity analysis (PSA) to evaluate the robustness of our base-case analysis findings. In the one-way 

Figure 1 Model structure.
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sensitivity analysis, each model parameter was systematically tested within a predefined range of minimum and 
maximum values obtained from previously published literature. The results of the one-way sensitivity analysis are 
presented in a tornado diagram, which visually depicts the magnitude of the impact of each parameter on the results. For 
the PSA, all model parameters were simultaneously varied by sampling from predefined distributions. Costs were 
modeled using a Gamma distribution, while health state utility values, incidence of adverse events, and other parameters 
were sampled from a beta distribution. The PSA generated a cost-effectiveness scatter plot, illustrating the distribution of 
costs and effectiveness outcomes. Additionally, a cost-effectiveness acceptability curve (CEAC) was produced, demon-
strating the probability that a particular intervention is considered cost-effective at various WTP thresholds.

Results
Base-Case Analysis
As displayed in Supplementary Figure S1, the OS imitated in our model is very similar with the cure OS in IPSOS trial, 
which means our model are credible.

From the perspective of the Chinese healthcare system, atezolizumab as a first-line treatment for patients with 
NSCLC resulted in an additional cost of $4139.23 and an increase of 0.14 QALYs compared to single-agent chemother-
apy. The estimated ICER for atezolizumab in NSCLC patients is $29,365.79/QALY. (Supplementary Table S4) 
Considering a WTP threshold of $36,066/QALY, atezolizumab emerges as a cost-effective treatment option when 
compared to single-agent chemotherapy. The baseline characteristics that differ between the atezolizumab and che-
motherapy groups are presented in Supplementary Table S5.

Sensitivity Analysis
In the one-way sensitivity analysis, the most influential parameters were found to be the utility of PD health state and 
price of atezolizumab. Other parameters, such as cost of nivolumab/cycle, cost of managing AEs in the chemotherapy 
group, and the discount rate, had a moderate impact on model results. The utility of PFS, second-line therapy, and the 
cost of routine follow-up had minimal effect on the model outcome. It is important to note that varying individual 
parameters did not result in any significant changes to the results. Additionally, the probability of atezolizumab being 
cost-effective at the current WTP threshold was 0%. For a visual representation of the one-way sensitivity, please refer to 
Supplementary Figure S2 depicting the tornado diagram.

The results of PSA were presented in Supplementary Figure S3 and Supplementary Figure S4, using a CEAC and 
cost-effectiveness scatter plot. The CEAC curve demonstrated the probability of atezolizumab being considered the 
optimal strategy under different WTP thresholds. Meanwhile, the probabilistic scatter plot visualized the outcomes of 
1000 Monte Carlo simulation results. The CEAC revealed that at the WTP threshold of $36,066/QALY, there was a 59% 
probability of atezolizumab being cost-effective. Notably, when WTP threshold was increased to $90,000 the probability 
of atezolizumab being considered cost-effective rose to 97%. The cost-effectiveness scatter plot illustrated the results of 
1000 iterations of Monte Carlo simulation. Importantly, 59% of the ICER values shown for 1000 iterations fall below the 
WTP values used in the model. These findings were consistent with the results obtained from the base-case analysis.

Discussion
Lung cancer is one of the most common malignant tumours in the world and ranks first among all types of cancer in 
terms of incidence and mortality in China.30 Lung cancer accounts for nearly 20% of cancer-related medical expenditure, 
according to China’s National Health Commission.31 Data shows that in 2020, China’s new cases of lung cancer were 
820,000, of which 40% of NSCLC patients have contraindications to platinum-doublet chemotherapy, and the health 
demands of this part of the patient population remain unmet.5 The IPSOS trial was the first clinical study to demonstrated 
that atezolizumab significantly improves survival in patients with platinum-based chemotherapy-intolerant advanced 
NSCLC. Considering the higher price of atezolizumab compared to single-agent chemotherapy, oncologists and patients 
face the challenge of evaluating its cost-effectiveness when choosing a treatment regimen.
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In this analysis, we developed a Markov model to evaluate the cost-effectiveness of atezolizumab monotherapy as 
a first-line treatment for NSCLC patients ineligible for platinum-containing regimens, considering the perspective of the 
Chinese health-care system. Our results reveal that first-line atezolizumab monotherapy yielded an additional 0.14 
QALYs (0.61 QALYs vs 0.47 QALYs) compared to first-line single-agent chemotherapy, incurring an incremental cost 
of $4139.23 ($50,209.10 vs $46,069.87). This led to in an ICER of $29,365.79 per QALY gained. Using a WTP 
threshold of three times of GDP per QALY ($36,066/QALY), our analysis indicates that first-line atezolizumab 
monotherapy is an cost-effective option compared to single-agent chemotherapy in the context ofChina. One-way 
sensitivity analysis and PSA analyses confirmed the reliability of our base-case results. Recently, a similar analysis 
was conducted from the perspective of the UK healthcare system.32 This study revealed that at a WTP threshold of 
€36,000, atezolizumab was associated with a cost increase of €26,206 and an ICER of €94,873 compared to chemother-
apy. Despite gaining an additional 0.28 QALYs, atezolizumab was not found to be economically viable for patients with 
advanced NSCLC who are ineligible platinum-containing regimens in the United Kingdom. However, there is still 
limited understanding regarding the economic aspects of atezolizumab for this patient population in China. Our present 
analysis aimed to address this knowledge gap and provide oncologists and healthcare decision makers in China with 
alternatives therapeutic options and pricing guidance for atezolizumab in advanced NSCLC.

While PD-L1 expression level plays a crucial role as a predictor of immunotherapy response, typically associated 
with improved efficacy,33 it is noteworthy that the IPSOS study categorized patients based on PD-L1 expression levels 
into four tiers (TC<1%, TC ≥ 1%, TC 1–49%, and TC ≥ 50%), demonstrating varying distributions among recipients of 
atezolizumab monotherapy and single-agent chemotherapy. Given the specific focus of this study on NSCLC patients 
ineligible for platinum-based chemotherapy, the significance of PD-L1 as an indicator may be limited within this defined 
patient population. Moreover, the IPSOS trial did not elucidate the variations in efficacy and safety of atezolizumab 
monotherapy across different PD-L1 expression levels, resulting in a lack of corresponding cost-effectiveness data for 
PD-L1 subgroups in our analysis. We are dedicated to updating our analysis with any novel discoveries”.

Our research possesses noteworthy strengths that deserve emphasis. Firstly, we utilized modeling techniques to 
estimate the lifetime costs and clinical outcomes associated with both the atezolizumab group and the single-agent 
chemotherapy group. By employing a Markov model, we were able to achieve superior accuracy and reliability in 
predicting long-term costs and health outcomes compared to traditional meta-analysis techniques. Moreover, our analysis 
benefitted from the utilization of clinical data, safety data, and medication cycles that were derived from the IPSOS trial. 
This ensured the robustness and validity of our findings, enhancing the credibility of our research. Furthermore, to 
enhance the alignment of our study with clinical practice, we diligently ensured that the drugs and doses used for second- 
line treatment after disease progression in our model were consistent with the recommendations outlined in the CSCO 
guidelines for NSCLC. This intentional alignment enables greater relevance and applicability of our results within the 
medical community, reinforcing the practical implications of our research.

Several potential limitations must be discussed in this study. Firstly, since the IPSOS trial did not provide specific 
information on the types of adverse events (AEs), we relied on a recently published pharmacoeconomic evaluation to 
estimate the cost associated with managing these AEs in our study. While the absence of AE data from the IPSOS trial 
introduces some potential bias into our analysis, the results of our one-way sensitivity analysis support the finding that 
the cost of dealing with AEs does not significantly impact the model’s outcomes. Secondly, regarding the selection of 
drugs in the chemotherapy group, the IPSOS trial has not yet disclosed the specific proportion of gemcitabine and 
vinorelbine usage. Consequently, we assumed an equal distribution of 50% for both drugs in this study. Although this 
assumption may introduce some degree of deviation in calculating chemotherapy costs, it is worth noting that the cost per 
cycle of gemcitabine and vinorelbine is nearly identical (gemcitabine cycle cost is $126.85, vinorelbine cycle cost is 
$119.31). Therefore, as a conservative approach, we believe this assumption will have minimal impact on the overall 
results. Thirdly, one of the potential limitations that should be discussed in this study is the lack of consideration for the 
potential impact of widely used concomitant drugs on immunological agents.34 The failure to account for these factors in 
the modeling process represents a limitation of the current analysis, highlighting the need for further research to address 
these gaps and enhance the comprehensiveness of future studies.
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Conclusion
In conclusion, from the perspective of the Chinese health-care system, atezolizumab has a high probability of being 
a cost-effective choice for the first-line treatment of NSCLC patients ineligible for platinum-based chemotherapy.

Data Sharing Statement
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can 
be directed to the corresponding author.
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