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Objective: Both camrelizumab plus paclitaxel and carboplatin (CTC) and sintilimab plus gemcitabine and cisplatin or carboplatin (SGP) have been approved by the National Medical Products Administration of China (NMPA) for the first-line treatment of local advanced or metastatic sqNSCLC. However, the comparison of the two treatments as first-line treatments in efficacy or pharmacoeconomics has barely been studied. To deeply understand the costs and outcomes of the two treatments, this work directly compared the cost-effectiveness for the first-line treatment of local advanced or metastatic squamous NSCLC in the Chinese mainland.Methods: A network meta-analysis was first performed based on the three clinical trials, namely, CameL-Sq, ORIENT-12, and C-TONG1002, to compare the clinical benefits of the two treatments. The Weibull approximation was applied to further calculate the life expectancy of the two treatments. The partitioned survival model (PSM) was next established, and one-way sensitivity analysis and probabilistic sensitivity analysis were also performed to evaluate the stability of the underlying parameter values and assumptions within the model.Results: CTC treatment gained 0.68 QALYs and cost $14,764. SGP treatment gained 0.54 QALYs and cost $14,584. The CTC arm gained 0.14 additional QALYs and cost $179 more than the SGP arm, and the ICERs was $1,269/QALY, which was lower than one-fold GDP per capita in the Chinese mainland ($12,734 GDP per capita in 2022). In probabilistic sensitivity analysis, when the WTP ranged from $12,734–38,202 (1–3 folds, 2022 GDP per capita in China), the CTC group had higher probabilities than the SGP group for being cost effective, which ranged from 85.65% to 88.38%.Conclusion: From the perspective of the payers, camrelizumab plus chemotherapy was cost-effective compared with sintilimab plus chemotherapy for the first-line treatment of local advanced or metastatic squamous NSCLC in the Chinese mainland.Keywords: cost-effectiveness, squamous NSCLC, first-line treatment, camrelizumab, sintilimab
INTRODUCTION
Lung cancer is one of the severest threats to human health and has been reported as the second most commonly diagnosed malignancy in the world (Fitzmaurice et al., 2019). There were several new diagnosed lung cancer cases in China, which was estimated to be 828,100 in 2016 (Zheng et al., 2022). Among them, squamous non-small-cell lung cancer (sqNSCLC) accounts for approximately 25% of all kinds of lung cancer, of which major new cases are found in advanced stages or a metastatic state and barely have any known driver genes (Socinski et al., 2016). The incidence of sqNSCLC in the Chinese mainland has increased drastically in recent years, posing a significant threat to human health and placing a considerable financial burden on the Chinese healthcare system (Zhu et al., 2021). Thus, many sqNSCLC patients may neither have the chance of surgeries nor benefit from promising targeted treatments. The classic first-line treatment of local advanced or metastatic sqNSCLC was platinum-based doublet chemotherapy, from which patients only have limited benefits (Griesinger et al., 2019). Along with the study of cancer immunity and its therapeutic application, several currently available treatment options were developed in the past decade. The emergence of immune checkpoint blockers brings new hope for the treatment of local advanced or metastatic sqNSCLC, and there are several approved first-line treatments (Lahiri et al., 2023).
Camrelizumab and sintilimab are both PD-1 mono-antibody for triggering cancer immunity by the PD-1/PD-L1 checkpoint pathway. Based on the results of clinical trials, camrelizumab plus paclitaxel and carboplatin have been approved by the National Medical Products Administration of China (NMPA) for the first-line treatment of local advanced or metastatic sqNSCLC. Similarly, sintilimab plus gemcitabine and cisplatin or carboplatin were licensed by NMPA, according to the clinical trials. The two treatments were notably superior compared to platinum-based doublet chemotherapy (Zhou et al., 2021; Ren et al., 2022). In the Guidelines of the Chinese Society of Clinical Oncology (CSCO) for Non-small-Cell Lung Cancer, both treatments were recommended for the first-line treatment of sqNSCLC. As for second-line therapy, single treatment of docetaxel, gemcitabine, or afatinib (has not been used in first-line therapy) was recommended.
The cost-effectiveness of PD-1 antibody plus chemotherapy versus chemotherapy alone for the first-line treatment of NSCLC has been discussed in many research studies (Liu et al., 2022; Rui et al., 2022). Although PD-1 antibody-based immunochemotherapy shows better health outcomes in most research studies, their high price limits the cost-effectiveness when compared with chemotherapy (Shao et al., 2022). Along with decreasing the price of PD-1 antibody in China, PD-1 antibody-based immunotherapy gradually exhibited cost-effectiveness compared to chemotherapy alone. Although a sequential model has been developed to evaluate first-line and second-line treatment of sqNSCLC, which includes the two treatments as the first-line treatment (Zhao et al., 2023), a direct comparison of the two treatments in the first-line treatment of sqNSCLC in efficacy or pharmacoeconomics has barely been studied. To deeply understand the costs and outcomes of the two first-line treatment options for sqNSCLC and provide choosing advices, it is necessary to directly compare the cost-effectiveness of camrelizumab plus paclitaxel and carboplatin versus sintilimab plus gemcitabine and cisplatin or carboplatin for the first-line treatment of local advanced or metastatic squamous NSCLC in the Chinese mainland.
In this work, a network meta-analysis was first performed based on the three clinical trials, namely, CameL-Sq (Ren et al., 2022), ORIENT-12 (Zhou et al., 2021), and C-TONG1002 (Wang et al., 2019), to compare the clinical benefits of the two treatments. Weibull approximation was applied to further calculate the life expectancy of the two treatments (Hoyle and Henley, 2011). The partitioned survival model (PSM) was next established, and one-way sensitivity analysis and probabilistic sensitivity analysis were also performed to evaluate the stability of the underlying parameter values and assumptions within the model. Our results indicated that, from the perspective of the payers, camrelizumab plus chemotherapy was more cost-effective compared with sintilimab plus chemotherapy for the first-line treatment of local advanced or metastatic sqNSCLC. It should be noted that the comparison is between the two treatments rather than between camrelizumab and sintilimab, and the results may not reflect the difference between the two PD-1 antibodies. To the best of our knowledge, it is the first attempt to directly compare the cost-effectiveness of the two immunotherapy-based treatments, and this work may be helpful for better understanding the costs and health outcomes of the two first-line treatments of sqNSCLC in the late stages.
MATERIALS AND METHODS
Model structure
This study was designed and evaluated using the Consolidated Health Economic Evaluation Reporting Standards 2022 guidelines (CHEERS) (Husereau et al., 2022) (Supplementary Table S1). The partitioned survival model (PSM) has been chosen for cost-effectiveness analysis of camrelizumab plus paclitaxel and carboplatin versus sintilimab plus gemcitabine and cisplatin or carboplatin for the first-line treatment of local advanced or metastatic squamous NSCLC since it is recommended for the economic evaluation of the treatments of chronic diseases with limited health status by the National Institute for Health and Care Excellence (NICE) DSU TECHNICAL SUPPORT DOCUMENT 19 (Woods et al., 2017) and China Guidelines for Pharmacoeconomic Evaluations 2020 (Yue et al., 2021). The model was developed in Microsoft Excel 2021 and involved three mutually exclusive health states: progression-free survival (PFS), progression of disease (PD), and death (Figure 1). The proportion of patients in the PFS state and death state was obtained from the PFS data and overall survival (OS) data, respectively. Because there were only three states, the proportion of patients in the progression of disease state could be calculated according to that of the other two states. The cycle length was chosen as 3 weeks according to the treatment plan, and 173 cycles, in total, were conducted. The population was defined as initially diagnosed metastatic or local advanced squamous NSCLC patients eligible for the first-line treatment with CTC or SGP therapeutics.
[image: Figure 1]FIGURE 1 | Structure of the partitioned survival model.
The output data on the model were life years (LY), quality-adjusted life-years (QALYs), and cost, which were all discounted at an annual rate of 5% according to the Chinese guidelines for pharmacoeconomic evaluations. To compare the cost-effectiveness of the two arms, incremental cost-effectiveness ratios (ICERs) were calculated and presented as cost per additional LY or QALY. As the cost of new health technologies continues to rise, healthcare decision-makers across the globe are faced with the challenge of determining what constitutes a reasonable value for money. In alignment with the recommendations of the WHO-CHOICE program, the most commonly referenced CE thresholds are those based on a country’s per capita GDP and the estimated economic value of a year of healthy life, as determined by the Commission on Macroeconomics and Health (Bertram et al., 2016). Economists involved in the WHO-CHOICE project specifically recommend a CE threshold of less than three times the GDP per capita (World Health Organization, 2003). Thus, in this work, the willing-to-pay thresholds were set to be one-time to three-times the per capita gross domestic product (GDP) of the Chinese mainland in 2022 based on the WHO recommendations.
Network meta-analysis
Since there were no head-to-head clinical trials of sintilimab plus GP (SGP) and camrelizumab plus TP (CTC), the network meta-analysis was first performed based on three clinical trials, namely, CameL-Sq (Ren et al., 2022), ORIENT-12 (Zhou et al., 2021), and C-TONG1002 (Wang et al., 2019), which were selected according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISM NMA) checklist (Supplementary Table S2). The searching strategies are illustrated in Supplementary Figure S1. The hazard ratios (HRs) of PFS and OS considered in the economic model were generated with a graph-theoretical methodology implemented in the R package netmeta (Hoyle and Henley, 2011) (Supplementary Table S3).
Life expectancy calculation
To calculate life expectancy, GetData was chosen for data extraction (Supplementary Table S4), and Weibull approximation was used to extrapolate the PFS and OS curves of the CameL-Sq trials after comprehensive consideration of AIC (Akaike information criterion), BIC (Bayesian information criterion) (Supplementary Table S5), and visual exam of fitting, according to the literature (Billingham et al., 1999; Tappenden et al., 2006; Hoyle and Henley, 2011; Wu et al., 2014; Gu et al., 2019). The scale (λ) and shape (γ) parameters of the Weibull curves are listed in Table 1, and the survival probability at a certain time could be calculated by the formula: S(t) = exp (−λtγ). The Weibull fitting curve of the PFS and OS of the sintilimab plus GP arm were derived using the adjusted Weibull scale (λSGP = λCTC × HR) and shape (γSGP = γCTC) parameters (Billingham et al., 1999; Tappenden et al., 2006).
TABLE 1 | Critical parameters in the model.
[image: Table 1]Cost and utility data
This analysis was performed from the payers’ perspective, and only the direct medical costs were considered in the model, which included the costs of the initial treatments and maintaining treatments and the severe adverse effect (SAE) management costs. Cost data except drug costs were collected from the published articles, and the drug costs were calculated based on local price. All costs were transferred to US dollars from Chinese currency (US$ 1 = CNY ¥6.73). The utility and disutility data were also collected from the published articles.
For the SGP arm, sintilimab (200 mg), gemcitabine (1.0 g/m2 on day 1 and day 8 of the body surface area (BSA)), and either cisplatin (75 mg/m2) or carboplatin (area under the concentration–time curve (AUC) 5 mg/mL/min) were administered every 21 days for six cycles. After six cycles, patients at the PFS state continued to receive sintilimab (200 mg) monotherapy as the maintenance treatment every 21 days. Once patients entered the PD state, all treatments were suspended. Sintilimab could be administered for up to 24 months. For the CTC arm, camrelizumab (200 mg), carboplatin (AUC 5 mg/mL/min), and paclitaxel (175 mg/m2) were administered every 21 days for six cycles. After six cycles, patients at the PFS state continued to receive camrelizumab (200 mg) monotherapy as the maintenance treatment every 21 days. Once patients entered the PD state, all treatments were suspended. Camrelizumab could be administered for up to 24 months. The drug costs were estimated based on a typical patient who had a body surface area of 1.73 m2 (weight: 65 kg; height: 1.64 m) to calculate the dosage of agents according to the Chinese Resident Nutrition and Chronic Diseases Reports 2020. The dosage of carboplatin was calculated via the Calvert formula and the Cockcroft formula.
All SAE (incidence ≥5%, grade 3 or 4) costs were considered and are listed in Table 1. However, according to the Chinese Clinical Use Principle of Novel Anti-cancer Drugs 2021, grade 2–4 reactive cutaneous capillary endothelial proliferation (RCCEP), a typical AE of camrelizumab, needs special treatments. Thus, the incidence and treatment costs of grade-2 RCCEP were also involved in this model.
Sensitivity analysis
One-way sensitivity analysis and probabilistic sensitivity analysis (PSA) were performed to evaluate the stability of the underlying parameter values and assumptions within the model. The parameters in the one-way sensitivity analysis are listed in Table 2, which were collected from literature reports and public information. Generally, the low and high limits were varied by the standard error, 95% confidence interval, or ±20% of the deterministic value.
TABLE 2 | Baseline results of the PSM model.
[image: Table 2]As for PSA, Monte Carlo simulation was conducted via macro command in Microsoft Excel 2021. The probability distribution parameters of costs, utilities, disutility, and relative risks in the PSA were collected from published literature studies or calculated according to the mean and standard error. In this work, beta distributions were applied in the transition probability, proportion, and utilities; normal distributions were chosen for HR data from network meta-analysis; and gamma distributions were used in the costs and disutility (Rui et al., 2022). A total of 5,000 replications were performed for Monte Carlo simulation, and a set of 5,000 costs and outcomes were used to draw the cost-effectiveness scatter plot. Then, cost-effectiveness acceptability curves (CEACs) were plotted by changing the values of the willingness-to-pay threshold for an additional QALY.
RESULTS
Network meta-analysis and simulation of the KM curve
Since there were no head-to-head clinical trials of sintilimab plus GP (SGP) and camrelizumab plus TP (CTC), the network meta-analysis was first performed based on three clinical trials: CameL-Sq, ORIENT-12, and C-TONG1002. The hazard ratios (HRs) of PFS and OS considered in the economic model were generated with a graph-theoretical methodology implemented in the R package netmeta (Figure 2A). To calculate life expectancy, Weibull approximation was used to extrapolate the PFS and OS curves of CameL-Sq trials according to the literature. The scale (λ) and shape (γ) parameters of the Weibull curves are listed in Table 1, and the survival probability at a certain time could be calculated by the formula: S(t) = exp (−λtγ). The Weibull fitting curve of the PFS and OS of the sintilimab plus GP arm were derived using the adjusted Weibull scale (λSGP = λCTC × HR) and shape (γSGP = γCTC) parameters (Figures 2B–D).
[image: Figure 2]FIGURE 2 | Network meta-analysis and simulation of the KM curve. (A) Network meta-analysis of PFS or OS of CTC, SGP, GP, and TC. (B) Weibull distribution of the CTC–PFS or OS–KM curve. (C) Baseline and 95% CI Weibull distribution of the SGP PFS survival rate. (D) Baseline and 95% CI Weibull distribution of the SGP OS survival rate.
Baseline results
As listed in Table 2, the costs and health outcomes of the two arms were calculated. CTC treatment gained 0.68 QALYs and cost $14,764. SGP treatment gained 0.54 QALYs and cost $14,584. Drug costs of the CTC arm were significantly higher than those of the SGP arm, but AE costs of the CTC arm were lower than those of the SGP arm. The CTC arm gained 0.14 additional QALYs and cost $179 more than the SGP arm. Consequently, the ICER was $1,269/QALY, which was lower than one-fold GDP per capita in the Chinese mainland ($12,734 GDP per capita in 2022). Since the WTP ranged from $12,734 to 38,202 (1–3 folds 2022 GDP per capita in the Chinese mainland), camrelizumab plus paclitaxel and carboplatin is more cost-effective than sintilimab plus gemcitabine and cisplatin or carboplatin for the first-line treatment of local advanced or metastatic squamous NSCLC.
Deterministic sensitivity analysis
Deterministic sensitivity analysis was performed, and the top 10 parameters impacting ICERs are illustrated as tornado diagrams in Figure 3. The cost of paclitaxel, the cost of gemcitabine, the cost of infectious pneumonitis, the HR of the PFS curve, the cost of platelet count decreased, and the platelet count decrease chance of SGP were the main driving parameters in the DSA analysis. The significant price discrepancy between the original and generic versions of paclitaxel and gemcitabine made the costs of the two drugs the top two parameters. Specifically, gemcitabine injection (200 mg) costs $244 for the original brand and $2.9 for the cheapest generic product, while paclitaxel (30 mg) costs $98 for the original and $11 for the cheapest generic product. When the platelet count decrease of SGP or the HR of the PFS curve was set to the minimum value, the ICERs for the CTC group compared with that of the SGP group were $13,734 or $15,224 and higher than the WTP. Except the two parameters, regardless of the variation in each parameter across the wide ranges, the ICERs remained less than $12,734/QALY (1×GDP per capita in the Chinese mainland 2022). The DSA results indicated that the robustness of the model was acceptable.
[image: Figure 3]FIGURE 3 | Tornado diagram of deterministic sensitivity analysis.
Probabilistic sensitivity analysis
In PSA analysis, 5,000 iterations of Monte Carlo simulations were carried out, and the results were summarized as cost-effectiveness acceptability curves (CECA). The average incremental QALY was 0.14, the average incremental cost was $1,972, and the probabilistic ICER was $14,086. According to Figure 4, when the WTP ranged from $12,734 to 38,202 (1–3 folds 2022 GDP per capita in the Chinese mainland), the CTC group had higher probabilities than the SGP group of being cost effective, which ranged from 85.65% to 88.38%.
[image: Figure 4]FIGURE 4 | Cost-effectiveness acceptability curves of probabilistic sensitivity analysis.
DISCUSSION
Both treatment methods of camrelizumab plus paclitaxel and carboplatin and sintilimab plus gemcitabine and cisplatin or carboplatin were approved for the first-line treatment of local advanced or metastatic squamous NSCLC by the National Medical Products Administration (NMPA) of China in 2021. Since there was no head-to-head research, to compare the cost-effectiveness of the two treatments, a network meta-analysis was first performed. The base line results and CEAC indicated that camrelizumab plus paclitaxel and carboplatin was more cost-effective compared with sintilimab plus gemcitabine and cisplatin or carboplatin. To the best of our knowledge, this work was the first attempt to compare the cost-effectiveness of camrelizumab plus chemotherapy and sintilimab plus chemotherapy for the first-line treatment of local advanced or metastatic squamous NSCLC in the Chinese mainland. The results would be valuable for the Chinese payers and physicians to consider the policies and formulate a treatment plan.
Along with the development of PD-1 blocker and immunotherapy, several economic evaluations were published. Liang et al. reported that camrelizumab plus chemotherapy is a cost-effective first-line treatment for advanced squamous non-small-cell lung cancer in China compared with chemotherapy alone, with an ICER of $25,674 (Liang et al., 2023a). Shi et al. compared sintilimab combined with pemetrexed plus platinum and pemetrexed plus platinum in Chinese patients with non-squamous NSCLC who were negative for targetable genetic variations and found that the sintilimab group was cost-effective with an ICER of $5,020.74 (Shi et al., 2023). Zhang et al. proved that toripalimab plus chemotherapy was more cost-effective compared to chemotherapy alone for patients with advanced NSCLC in China, and the ICER was $32,237 (Zhang et al., 2023). Liang et al. found that tislelizumab plus chemotherapy was more cost-effective than chemotherapy alone as a first-line treatment for advanced non-squamous NSCLC in China, with an ICER of $26,162 (Liang et al., 2023b). In summary, PD-1 blockers plus chemotherapy have become the first-line therapy for various kinds of lung cancer and showed significant health outcomes and certain extra costs, but it is more cost-effective when compared to chemotherapy alone.
Another critical question is that which PD-1 blocker-based treatment is more cost-effective. Rui et al. compared camrelizumab + chemotherapy and sintilimab + chemotherapy as the first-line treatment for locally advanced or metastatic non-squamous NSCLC in China and found that sintilimab + chemotherapy had higher effectiveness (incremental QALYs ranged from 0.13–0.62) and lower total costs (incremental costs ranged from $1,099–$5,201), resulting in an ICER ranging from $6,440 to $8,454 (Rui et al., 2022). Chen et al. reported that sintilimab + chemotherapy appeared to be more cost-effective for the treatment of nsqNSCLC compared with sugemalimab, camrelizumab, pembrolizumab, or atezolizumab combined with chemotherapy. Chen et al. found that sintilimab + chemotherapy obtained more QALYs (1.2319 vs. 1.1815) and lower costs ($12,321 vs. 36,371), which implied that sintilimab + chemotherapy may dominate pembrolizumab + chemotherapy (Chen et al., 2022). These works directly compared the cost-effectiveness of different PD-1 blocker-based treatments and provided choosing advices for the clinical treatment. In this study, the direct comparison of CTC and SGP in local advanced or metastatic squamous NSCLC was performed, which supplements the gaps of previous research studies.
Our study has several strengths and limitations that should be considered. First, we used a partitioned survival model (PSM) to estimate the long-term outcomes and costs of the two chemoimmunotherapy regimens, which is a widely accepted and validated method for the economic evaluation of cancer treatments. Second, we performed a network meta-analysis (NMA) to obtain the relative efficacy of camrelizumab or sintilimab plus chemotherapy based on the data from three randomized controlled trials (RCTs) that enrolled patients with similar characteristics and used similar comparators. Third, we used reported local parameters from China to estimate the costs and utilities of the two strategies, which enhanced the applicability and relevance of our findings to the Chinese context. However, some limitations should also be acknowledged. First, the NMA had some heterogeneity and inconsistency in the pairwise comparisons, which might affect the accuracy and reliability of the indirect estimates. Although there were no direct head-to-head RCTs of the two treatments, the real-world data will be considered for further analysis of the economics and effectiveness of the two treatments. Second, we assumed that the patients received the best supportive care after disease progression, which might not reflect the actual clinical practice in China. Third, we did not include the costs and disutilities associated with grade 1/2 adverse events, which might underestimate the total costs and QALYs of the two strategies. In addition, the cost of adverse events could also be underestimated because of the emergence of new treatments for adverse events or other reasons. Therefore, further studies are needed to validate and refine our results to improve the accuracy and universality. Along with the wide application of the two treatments, multi-center real-world data would be possible for the evaluation of effectiveness and economics of CTC or SGP in future.
CONCLUSION
In this study, we established a partitioned survival model (PSM) to analyze the cost-effectiveness of camrelizumab plus paclitaxel and carboplatin versus sintilimab plus gemcitabine and cisplatin or carboplatin for the first-line treatment of local advanced or metastatic squamous NSCLC in the Chinese mainland. From the perspective of the payers, camrelizumab plus chemotherapy was more cost-effective compared with sintilimab plus chemotherapy. However, in DSA, the risk of platelet count decrease of sintilimab and the HR of the PFS curve in network meta-analysis may impact the robustness. However, in PSA, the camrelizumab group had higher probabilities than the sintilimab group for being cost effective, which ranged from 85.65% to 88.38%, which is under 1–3 folds of the 2022 GDP per capita in the Chinese mainland in the CEAC, and it was consistent with our conclusion.
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