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Background: Atezolizumab has recently demonstrated improved prognosis in patients with advanced or metastatic non-small-cell lung cancer (NSCLC) who are not eligible for treatment with a platinum-containing regimen, as observed in a randomized phase 3 clinical trial. This study aims to evaluate the cost-effectiveness of atezolizumab for the treatment of NSCLC from the perspective of payers in both developed and developing countries.

Materials and methods: A Markov model was developed to simulate treatment scenarios involving atezolizumab or chemotherapy for patients diagnosed with NSCLC. The model estimated the transition probabilities, health care costs, and health utilities base on the risk of disease progression, survival, and toxicity using data from IPSOS clinical trials, relevant literature, and publicly available databases. A price simulation was conducted to guide the pricing strategy at the specified willingness-to-pay (WTP) threshold, and sensitivity analyses were performed to assess the model’s response to uncertainty.

Results: Among patients with NSCLC who are not suitable for treatment with a platinum-containing regimen, the use of atezolizumab led to an incremental gain of 0.35 quality adjusted life years (QALYs) compared to chemotherapy. The ICER for atezolizumab compared to chemotherapy was calculated at $220400.53 per QALY in the US and $101874.61 per QALY in China. The price simulation results indicated that atezolizumab was favored in the US when the price was less than $371.28/60 mg and $474.92/60 mg at the WTP thresholds of $100,000 and $150,000, respectively; it was cost-effective at a WTP threshold of $36023.71when the price was about 40% of the current price in China. Sensitivity analysis revealed that variables such as the price of atezolizumab and utilities influenced the r model’s outcomes, although these factors did not significantly alter the overall conclusion.

Conclusion: Atezolizumab was not considered cost-effective at the WTP thresholds of $150,000 per QALY in the US and $36,024 per QALY in China for patients with advanced NSCLC who are ineligible for platinum-based chemotherapy.
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Introduction

The global cancer data from the international Agency for Research on Cancer(IARC) indicated that lung cancer was among the most common cancer, contributing to a substantial number of new cases and deaths in 2020 (1). In the United States, lung cancer was estimated to have an incidence of 234,580 new cases and caused 125,070 deaths in 2024 (2). In China, approximately 828,100 new cases were reported in 2020 (3).The rapid advancement of emerging therapies, such as targeted therapies and immunotherapies, has notably improved survival rates for patients diagnosed with non-small cell lung cancer (NSCLC), the most prevalent form of lung cancer (4). Clinical trials investigating first-line immunotherapy for patients without targeted mutations primarily focus on individuals who can tolerate standard platinum-based chemotherapy, possess good performance status, and are relatively young (5). As researchers continue their quest for treatment alternatives surpassing chemotherapy in terms of both survival outcomes and quality of life, monotherapy with immune-checkpoint inhibitors (ICIs) is emerging as a promising approach.

Atezolizumab, a programmed death-ligand 1 (PD-L1) inhibitor, has shown improved overall survival compared to single-agent chemotherapy both in previously treated metastatic NSCLC patients (6, 7) and as first-line treatment in PD-L1–high NSCLC patients (8). Critical trials of first-line immunotherapy have been primarily limited to patients with good performance status, and there is limited evidence for its efficacy in patients with poorer performance status. Recently, the IPSOS trial investigated the safety and efficacy of atezolizumab versus chemotherapy alone in patients who were ineligible for treatment with a platinum-containing regimen (9). The findings indicated that initial treatment with atezolizumab significantly prolonged the median overall survival (OS) (10.3 vs. 9.2 months), increased the 2-year survival rate (24% vs. 12%), and maintained stabilization or improvement in quality of life, compared to chemotherapy alone (9).

Therefore, atezolizumab regimens appear to provide a viable therapeutic option for patients with NSCLC who are not eligible for treatment with platinum-containing regimens. However, given the substantial prevalence of NSCLC and the considerable number of advanced cases, the selection of a therapeutic agent will substantially impact the total cost of cancer treatment. According to a report from the National Cancer Institute, expenditure specifically on lung cancer increased from $21.1 billion in 2015 to $23.8 billion in 2020 (10). Additionally, the China Health Yearbook of 2022 reported that the average cost of hospitalization for lung cancer in China reached $5538.50 (11). Therefore, the economic impact of innovative drugs or new treatments should be considered in comprehensive assessments to guide the allocation of limited healthcare resources.

Several published studies have indicated that atezolizumab monotherapy or combination regimens may not achieve cost-effectiveness in both the US and China (12–15). However, the cost-effectiveness of atezolizumab monotherapy has not been assessed in patients with NSCLC who are ineligible for platinum-based chemotherapy. This study aimed to evaluate the cost-effectiveness of atezolizumab compared to chemotherapy for managing NSCLC cases ineligible for platinum-based doublet chemotherapy, from the perspectives of payers in both the US and China.



Materials and methods


Model construction

A mathematical model was developed to evaluate both the economic and clinical outcomes of patients with NSCLC who are ineligible for platinum-based treatment. The study compares the use of atezolizumab with single-agent chemotherapy by integrating decision trees and a Markov model. To simulate NSCLC progression, a three-health-state Markov model was constructed comprising progressive disease (PD), progression-free survival (PFS), and death (see Supplementary Figure S1). The model operates in monthly cycles over a 10-year time horizon, a duration chosen based on simulations demonstrating that over 95% of patients had died within this period. Transition probabilities among health states were derived from the IPSOS clinical trial. Patients entered the model in the PFS state, marking the beginning of their treatment, and the model’s endpoint was defined as patient mortality to reflect clinical reality.

The model was employed to estimate the total costs and effectiveness associated with each treatment option, with quality-adjusted life years (QALYs) serving as the measure of effectiveness. Subsequently, the incremental cost-effectiveness ratio (ICER) of atezolizumab relative to chemotherapy was calculated. This study was conducted from the perspective of payers in both developed and developing countries—represented by US payers (including public insurance, private insurance, and out-of-pocket payments) and the Chinese healthcare system, respectively (16). The willingness to pay (WTP) thresholds were set at $150,000 and $36023.71 per QALY, respectively, (17, 18). Annual discount rates of 3% for costs and 5% for utilities were applied (19, 20).



Transition probabilities

This study employed a partitioned survival analysis to estimate transition probabilities among PFS, PD, and death states over time within the cohort. The probabilities for the states were determined by Kaplan–Meier (K-M) curves of OS and PFS from the IPSOS trial (9, 21, 22).Initially, outcomes points from the curves of OS and PFS were extracted using Plot Digitizer (version 2.6.8). Subsequently, the survival curves were reconstructed via the algorithm proposed by Guyot et al. using R statistical software (version 4.2.2; https://www.r-project.org/) (see Supplementary Figure S2) (23, 24). The reconstructed survival curves were then fitted to the Weibull, exponential, log-logistic, log-normal, gamma, Gompertz and generalized gamma distributions, respectively. The Bayesian information criterion (BIC), Akaike’s information criterion (AIC) and visual validation were employed to determine the best-fitting model. After evaluating the models’ fit, the log–normal model was selected to extrapolate the K–M curves beyond the IPSOS trial follow-up period (see Supplementary Figure S3). For details on the selected distributions and their application, refer to Supplementary Table S1. PFS and OS probabilities at time t were computed using Log-normal distributed survival functions. The proportion of patients in the PD state was calculated as the difference between the PFS and OS probabilities, while the proportion of patients in the death state was determined as 1-OS probability. Background mortality-representing the transitions from the PFS state to death, was estimated using age-specific life tables from the United States and China (25, 26).Microsoft Excel (Microsoft Corporation, Redmond, WA) was used to calculate the transition probabilities between states. The model was ultimately built and manipulated using TreeAge Pro software (Version 2020, https://www.treeage.com/).



Cost and utilities

Direct healthcare costs considered in the model comprised drugs procurement, administration, best supportive care, adverse events management, and terminal care (Table 1). The cost of drug administration was based on the dosing regimen developed in the IPSOS trial: On days 1 of each 21-day cycle, atezolizumab was administered intravenously at a fixed dose of 1,200 mg, or single-agent chemotherapeutic drugs including gemcitabine (1,250 mg/m2 intravenously on days 1, 8, and 15 of a 28-day cycle) or vinorelbine (25 mg/m2 intravenously on days 1 and 8 of a 21-day cycle) were administered accordingly. Subsequent treatments and their associated costs were considered in the model. The model further incorporated a post-progression treatment regimen, including chemotherapy (pemetrexed), immunotherapy (Nivolumab), and best supportive care as subsequent treatments on a pro rata basis, based on the data provided in the IPSOS trial, and taking into account end-of-life costs (Supplementary Table S2). Additionally, the model accounted for grade 3/4 adverse events that exhibited significant differences between the study groups in the IPSOS trial. Notable events, such as neutropenia, anemia, dyspnoea, rash, nausea, and vomiting, were incorporated due to their clinical relevance (Supplementary Table S2) ($1 = ¥7.1368) (27).



TABLE 1 Model parameters and assumptions.
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The model employed health state utility (HSU) values to assign weights to survival time in each health state, thereby assessing the QALYs for different treatments. These HSU values reflect the overall well-being and functional status of patients across various health states. HSU values were assumed to be equivalent across treatment arms within the same health states, with those for PFS and PD derived from an observational cohort study (N = 263) that assessed health-related quality of life in advanced NSCLC patients using a validated EQ-5D questionnaire (28). Additionally, disutility values associated with adverse events (AEs) were incorporated into the model, derived from previously published research involving patients facing similar conditions as those in this study. Table 1 displays the HSU for the PFS and PD health states and the disutility values associated with AEs.



Price simulation

We varied the price of atezolizumab per 60 mg between $0 and $700 to analyse the possibility of cost-effectiveness when the WTP threshold for the corresponding price is $100,000 or $150,000. In China, assuming a WTP equal to three times the GDP per capita, the estimated thresholds in 2023 were $84188.15 in Beijing (highest), $20121.20 in Gansu (lowest), and $36023.71 at the national level (18). Additionally, we varied the price between $0 and $250 to evaluate cost-effectiveness under the Chinese WTP thresholds of $20121.20, $36023.71, and $84188.15.



Sensitivity analysis

Probabilistic sensitivity analysis (PSA) and one-way sensitivity analysis were conducted to assess the robustness of the model outcomes and conclusions in response to variations in key parameters. For the one-way sensitivity analysis, key parameters were varied based on their confidence intervals or by assuming a ±25% deviation from the base-case values. In the PSA, critical parameters such as cost and HSU data were incorporated. Costs were modeled using a gamma distribution, and HSU values were represented using a beta distribution. Subsequently, 1,000 simulations were performed utilizing the Monte Carlo simulation method.



Subgroup analysis

In subgroup analyses, ICER was calculated using subgroup-specific OS and PFS hazard ratios (HRs) derived from IPSOS trial (9). Because PFS data by subgroup were not available for the Region classification, we assumed that these subgroups shared the same PFS HRs as the overall population. We evaluated the cost-effectiveness of patient subgroups defined by varying age, sex, Eastern Cooperative Oncology Group (ECOG PS) performance status scores, and PD-L1 expression levels. Due to insufficient data, proportional hazards were assumed. In addition to the base case analysis status, we also used simulated prices and specific WTP for subgroup analyses.




Results


Base case results

Base-case analyses were performed for both the US and China, and the detailed outcomes are presented in Table 2. In both countries, compared with chemotherapy alone, atezolizumab yielded an improvement of 0.5 life years (LYs) and 0.35 QALYs for patients with NSCLC ineligible for platinum-containing regimens. In the US, the total projected cost for the atezolizumab group was $132065.77, compared with an estimated $55221.04 for chemotherapy. This resulted in an ICER of $220400.53 per QALY gained. In China, the total anticipated costs were $54274.31 for atezolizumab and $18754.76 for chemotherapy alone, yielding an ICER of $101874.61 per QALY gained (see Table 2).



TABLE 2 Summary of cost and outcome results in the base-case analysis.
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Price simulation

The results of the price simulation are presented in Figures 1A,B. In the US, when the price ranged from $0 to $700, the ICER increased as the cost of atezolizumab rose. Atezolizumab was considered cost-effective when priced below $372.28 per 60 mg and $474.92 per 60 mg, at the WTP thresholds of $100,000 and $150,000, respectively. In China, atezolizumab was considered cost-effective at prices of $193.14 per 60 mg, $60.35 per 60 mg, and $93.31 per 60 mg, corresponding to WTP thresholds of $84188.15, $20121.20, and $36023.71, respectively.

[image: Figure 1]

FIGURE 1
 Results of price simulation and deterministic sensitivity analysis. (A) Dashed line perpendicular to the y-axis represents the given WTP, and the green dotted line represents the trend line of the ICER scatter point under each price in US. (B) Dashed line perpendicular to the y-axis represents the given WTP, and the green dotted line represents the trend line of the ICER scatter point under each price in China.




Sensitivity analysis

The results of the deterministic sensitivity analysis (DSA) are shown in Figures 2A,B. The base-case analysis results for both the US and China were most sensitive to the price of atezolizumab, followed by the utility values for PFS and PD states, discount rate, and chemotherapy-related AEs. According to Figure 2A, when the price of atezolizumab was below $474.92/60 mg, the ICER was less than the WTP threshold of $150,000 in the US. However, no variables were found to reduce the ICER below the WTP threshold of $36023.71 in China (Figure 2B). Through a PSA comparing the cost-effectiveness of atezolizumab to chemotherapy in both the US and China indicated that the probability of atezolizumab being cost-effective under the current WTP threshold was 0% (Figures 3A,B). The cost-effectiveness curve analyses conducted under both the base-case and simulated price scenarios are shown in Figures 3C,D. The cost-effectiveness acceptability curve provided a 0 to 57.3% probability of atezolizumab being cost-effective versus chemotherapy, at a WTP threshold of $150,000 to $225,000(1.5 × WTP) in the US. In China, the probability of atezolizumab being cost-effective ranged from 0 to 63.6% at WTP thresholds of $36023.71 to $108071.13 (3 × WTP). Moreover, as the price of atezolizumab decreased, the WTP required to achieve a 50% probability of cost-effectiveness also decreased in both the US and China (see Figures 3C,D).
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FIGURE 2
 One-way sensitivity analysis. This diagram shows incremental cost effectiveness ratio (ICER) of atezolizumab vs. chemotherapy for different model input parameters of the United States (A) and China (B). PFS, progression-free survival; PD, progression disease; AE, adverse events febrile neutropenia; BSC, best supportive care.
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FIGURE 3
 Probabilistic sensitivity analysis: scatter plot of the United States (A) and China (B), cost-effectiveness acceptability curves of atezolizumab versus chemotherapy (1,000 iterations) of the United States (C) and China (D). CE, cost-effectiveness; Atezo, atezolizumab; QALY, quality-adjusted life-years.




Subgroup analysis

Table 3 presents the results of the subgroup analyses. In most subgroups in the base-case analyses, the ICER was significantly influenced by the HR, with atezolizumab performing more favorably when the risk of death was lower. However, in all subgroups, the ICER for atezolizumab exceeded $150,000 per QALY in the US or $36023.71 per QALY in China compared with chemotherapy, suggesting an unfavorable cost-effectiveness profile for atezolizumab. Furthermore, simulated prices and various WTP thresholds were applied to assess the cost-effectiveness of atezolizumab across different subgroups (see Supplementary Table S3). In both the US and China, atezolizumab appeared to be favored among patients aged 70–79 years, those who never smoked or are current smokers, patients with Eastern Cooperative Oncology Group (ECOG) performance status scores of 0, 1, or 3, and patients with unknown PD-L1 status.



TABLE 3 Subgroup analysis results.
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Discussion

The favorable outcomes associated with atezolizumab offer a viable therapeutic choice for patients with NSCLC who are ineligible for platinum-containing regimens, as it effectively delays disease progression (9). In this cost-effectiveness analysis, however, atezolizumab was not cost-effective as a first-line therapy for NSCLC patients compared with chemotherapy. The ICERs as high as $200,000/QALY in the US and nearly $100,000/QALY in China, both of which exceed the WTP thresholds.

The base-case model is most sensitive to the price of atezolizumab and the value of HSU, and adjusting the price of atezolizumab is more feasible in clinical practice than increasing the value of an HSU. To reduce the relatively considerable prices incurred by US patients, the US government has sought to align Medicare pharmaceutical prices with those paid by health systems in other developed countries (29). In China, there is an increasing trend towards the standardizing access negotiations for anticancer drugs within medical insurance frameworks, which is expected to become the primary pathway for incorporating innovative drugs into the medical insurance system. In 2019, negotiations for drug reimbursement in China covered 150 drugs, of which 97 reached agreements with the administration. Notably, within this group, 22 cancer drugs achieved average price reductions of 60.7 and 26.4% in their respective categories (30). However, our model indicates that a price reduction of 25% in the US and 60% in China would be necessary for the ICER of atezolizumab to fall below the respective WTP thresholds. Achieving such substantial price reductions presents significant challenges.

Following the publication of the IMpower110 study in 2020, numerous subsequent studies have investigated the cost-effectiveness of atezolizumab as a first-line treatment in patients with advanced or metastasis NSCLC who have favorable performance status and positive PD-L1 expression across various countries. Base-case ICER estimates range from a low of approximately $78,936 per QALY in China to a high of approximately $234,990 per QALY in the United States (13, 15, 31–33). In the US, specific studies have suggested that atezolizumab could be a cost-effective option for initial treatment in patients with high PD-L1-expressing metastatic NSCLC (31, 33). In contrast, several studies in China have indicated that atezolizumab might not represent a cost-effective solution (15, 31, 32). Moreover, due to differences in the study populations, the clinical benefit of atezolizumab compared to chemotherapy was less pronounced in the IPSOS trial than in the IMpower110 study. This suggests that further price reductions or modifications to charitable drug assistance programs may be necessary.

Another study by Jiang et al. analysed the cost-effectiveness of atezolizumab versus chemotherapy as first-line monotherapy in patients with non-small-cell lung cancer ineligible for platinum-based doublet chemotherapy (34). This analysis, also based on a Markov model but conducted in the United Kingdom, concluded that first-line atezolizumab monotherapy resulted in an additional 0.28 QALYs compared to chemotherapy monotherapy and was not considered to be cost-effective, with an ICER of £94,873 /QALY. These findings are consistent with our study conducted in the US and China. In contrast, Li et al. performed a similar analysis within the Chinese context and reported that atezolizumab was cost-effective in China (35). However, their study employed a fitted model only for the OS curve, without applying a similar fitting process to the PFS curve, and used fixed values to calculate the probability of transition to PFS, which may have further impacted the model results. Additionally, Li et al. appeared to have increased the proportion of immunotherapy in the follow-up treatment of the chemotherapy group to a greater extent, thereby directly contributing to the higher cost observed in the chemotherapy group.

Although our analysis primarily focuses on the US and China, the methodological framework and key findings offer insights that are applicable to other healthcare systems. Our examination of price simulations and cost-effectiveness acceptability curves demonstrates how fluctuations in drug prices and WTP thresholds influence cost-effectiveness outcomes. This suggests that healthcare systems in different regions can compare their local drug pricing and WTP thresholds with the scenarios we modeled. However, applying these findings to other contexts requires careful consideration of local healthcare settings, pricing structures, and demographic factors. Future research that adapts the model to specific regions will be essential for accurately assessing the cost-effectiveness of atezolizumab in diverse healthcare environments.

We acknowledge several limitations to our study. First, as the IPSOS trial individual patient data was inaccessible, the data regarding effectiveness and toxicity factors from reported studies were collected. In addition, the short-term clinical data were used to extrapolate long-term survival data from the IPSOS trial using log-normal models. Long-term survival benefits are inevitably subject to uncertainty. However, by comparing the trial curves with the simulated curves, we estimate that curve fitting and extrapolation had minimal impact on the results. Second, to simplify the analysis and enhance the generalizability of the results, we assumed that all patients in the IPSOS trial received proportional chemotherapy (Pemetrexed) and immunotherapy (Nivolumab) after progression, considering the costs of optimal supportive care and end-of-life care. Third, PFS was used as a surrogate for time on treatment in both treatment arms in the absence of available time on treatment data for chemotherapy and atezolizumab, introducing uncertainty regarding treatment duration. Finally, input data for treatment costs related to adverse events and the utility values for different states were not all from NSCLC patients. However, in the sensitivity analysis, we found that the variability of previous treatment costs, utility values, and AEs costs did not significant affect the outcomes.



Conclusion

Our analysis indicates that the cost of atezolizumab for NSCLC treatment is exceptionally high and would not be considered cost-effective given the current prices of atezolizumab and WTP thresholds in the US and China.
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