[image: Frontiers Logo]Cadonilimab in combination with chemotherapy for HER2-negative advanced gastric or gastroesophageal junction adenocarcinoma: a cost-effectiveness analysis

ORIGINAL RESEARCH
published: 29 July 2025
doi: 10.3389/fphar.2025.1646818
[image: image2]
Cadonilimab in combination with chemotherapy for HER2-negative advanced gastric or gastroesophageal junction adenocarcinoma: a cost-effectiveness analysis
Zuojuan Xiang, Wei Li* and Qiao Xia*
Department of Pharmacy, The Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Hunan Cancer Hospital, Changsha, China
Edited by:
Andrei Roman, University of Medicine and Pharmacy Iuliu Hatieganu, Romania
Reviewed by:
Mansoor-Ali Vaali-Mohammed, King Saud University, Saudi Arabia
Adrian Bogdan Tigu, University of Medicine and Pharmacy Iuliu Hatieganu, Romania
*Correspondence:
 Qiao Xia, xiaqiao@hnca.org.cn; Wei Li, liwei1431@hnca.org.cn
Received: 14 June 2025
Accepted: 18 July 2025
Published: 29 July 2025
Citation:
Xiang Z, Li W and Xia Q (2025) Cadonilimab in combination with chemotherapy for HER2-negative advanced gastric or gastroesophageal junction adenocarcinoma: a cost-effectiveness analysis. Front. Pharmacol. 16:1646818. doi: 10.3389/fphar.2025.1646818
Background
The COMPASSION-15 trial confirmed the safety and effectiveness of cadonilimab, a bispecific antibody targeting both programmed death 1 (PD-1) and cytotoxic T lymphocyte antigen-4 (CTLA-4), in treating human epidermal growth factor receptor 2 (HER2) negative advanced gastric or gastroesophageal junction adenocarcinoma (G/GEJA). Notably, it demonstrated significant survival benefits even in the low programmed death ligand 1 (PD-L1) expression subgroup, overcoming the limitations of current immunotherapy. This study aims to comprehensively evaluate its cost-effectiveness.
Methods
The cost-effectiveness of cadonilimab plus chemotherapy compared to chemotherapy alone was evaluated using a partitioned survival model with a 10-year time horizon, based on data from the COMPASSION-15 trial. Incremental cost-effectiveness ratio (ICER) was estimated to ascertain the cost-effectiveness. Furthermore, subgroup analysis stratified by PD-L1 combined positive score (CPS) thresholds, as well as sensitivity and scenario analyses, were performed.
Results
The estimated ICER value was $35,613.34/quality-adjusted life-year (QALY) for the entire cohort, $21,142.58/QALY for the high PD-L1 expression subgroup (CPS ≥5), and $45,000.62/QALY for the low PD-L1 expression subgroup (CPS <5). Only the high PD-L1 expression subgroup achieved the cost-effectiveness, as its ICER value was below the willingness-to-pay (WTP) threshold of $24,600/QALY. Sensitivity and scenario analyses demonstrated the robustness of the result.
Conclusion
In China, incorporating cadonilimab with chemotherapy was found to be more cost-effective as a first-line treatment for HER2-negative advanced G/GEJA in the PD-L1 CPS ≥5 subgroup. Nevertheless, it was not cost-effective for either the entire cohort or the PD-L1 CPS <5 subgroup. These findings can provide valuable insights for future pricing strategies and healthcare decision-making.
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1 INTRODUCTION
Gastric cancer is the fifth most prevalent cancer and the fifth leading cause of cancer-related mortality globally (Bray et al., 2024). There are significant regional variations in its incidence, with East Asia experiencing particularly high rates. In 2022, China reported 358,700 new cases and 260,400 deaths due to gastric cancer (Han et al., 2024). The lack of distinct early symptoms often results in diagnoses at advanced stages (Van Cutsem et al., 2016; Smyth et al., 2020). Recent therapeutic advancements for advanced gastric cancer have been made through the integration of immunotherapy and chemotherapy, particularly for patients with negative human epidermal growth factor receptor 2 (HER2) status and positive programmed death ligand 1 (PD-L1) expression. Phase 3 clinical trials have demonstrated that this combination therapy can prolong median overall survival (OS) by 3–5 months, thus establishing it as the first-line standard treatment. The immune checkpoint inhibitors (ICIs) utilized in this regimen include nivolumab, pembrolizumab, sintilimab, tislelizumab, and sugemalimab (Zhang et al., 2025; Janjigian et al., 2021; Rha et al., 2023; Xu et al., 2023; Qiu et al., 2024). Nonetheless, no programmed death 1 (PD-1)/PD-L1 inhibitor has yet demonstrated efficacy in patients with low PD-L1 expression. Therefore, new treatment options for these patients are urgently needed.
To improve patient response rates and survival outcomes, the combination of cytotoxic T lymphocyte antigen-4 (CTLA-4) and PD-1 blockers is advocated and has demonstrated synergistic anti-tumor effects in multiple solid tumors (Rotte, 2019; Larkin et al., 2015; Antonia et al., 2016; Overman et al., 2018). Cadonilimab, a bispecific antibody targeting both PD-1 and CTLA-4, has received approval for the treatment of cervical and gastric cancer in China (Keam, 2022; Pang et al., 2023). The phase 3 COMPASSION-15 study, conducted across 75 clinical sites in China, confirmed that incorporating cadonilimab with chemotherapy provided significant survival benefits for patients with HER2-negative advanced gastric or gastroesophageal junction adenocarcinoma (G/GEJA) as a first-line treatment, compared to chemotherapy alone (Shen et al., 2025). The study reported a median OS of 14.1 months versus 11.1 months in the entire cohort and 15.3 months versus 10.9 months in the subgroup with a PD-L1 combined positive score (CPS) ≥ 5. Importantly, there was also a notable improvement in the subgroup with a PD-L1 CPS <5, with a median OS of 13.7 months compared to 11.4 months. These findings indicated an unprecedented therapeutic efficacy in a patient subpopulation that has historically been difficult to treat.
It is noteworthy that, subsequent to price negotiations, cadonilimab has been incorporated into the 2025 Chinese medical insurance catalogue, with reimbursement specifically restricted to cervical cancer treatment. This addition significantly improves its accessibility and affordability. This study seeks to provide economic insights from the perspective of the Chinese healthcare system, thereby serving as a reference for optimizing healthcare resource allocation and rationalizing clinical drug use in the context of G/GEJA. The study adhered to the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) reporting guideline (see Supplementary Table S1).
2 METHODS
2.1 Patient and treatment
Patient baseline characteristics were obtained from the COMPASSION-15 trial cohort. Eligible participants were individuals with histologically confirmed unresectable, locally advanced, or metastatic G/GEJA who had not previously undergone systemic anticancer treatment. The age range of these participants was 18–75 years. Individuals with a known HER2-positive status were excluded from the study. Ethical approval was deemed unnecessary, as the study did not involve the recruitment of actual patients or the retrospective analysis of primary patient data.
Participants were randomly assigned to either the cadonilimab plus chemotherapy group or the chemotherapy group. Detailed information about the specific treatment regimens of both groups was provided in Table 1. After completing six therapy cycles, individuals in the cadonilimab plus chemotherapy group transitioned to a maintenance phase, continuing with cadonilimab at the same dosage until treatment discontinuation events occurred, such as disease progression, intolerable toxicity, or voluntary withdrawal. In contrast, the chemotherapy group did not receive maintenance therapy. The administration of cadonilimab was limited to a maximum duration of 2 years (Shen et al., 2025; Gauci et al., 2019; Borghaei et al., 2021).
TABLE 1 | Treatment regimens.	Group	Dosing regimen	Maintenance therapy
	Cado plus Chem	Cadonilimab was administered intravenously at a dosage of 10 mg/kg on the first day of every 3-week cycle, in combination with the XELOX regimen, for a total of six cycles	Cadonilimab was administered intravenously at a dosage of 10 mg/kg on the first day of every 3-week cycle
	Chem	XELOX regimen for a total of six cycles	-


Cado, cadonilimab; Chem, chemotherapy; XELOX, oxaliplatin, administered intravenously at a dose of 130 mg/m2 on day 1, and capecitabine, administered orally at a dose of 1,000 mg/m2 twice daily from days 1–14, repeated every 3 weeks.
2.2 Model construction
A partitioned survival model was constructed using data from the COMPASSION-15 trial within TreeAge Pro 2022, incorporating three mutually exclusive health states: progression-free survival (PFS), progressive disease (PD), and death, as illustrated in Figure 1. The model was designed with a 10-year time horizon, at which point the mortality rate in each treatment arm exceeded 95%. The cycle length was set at 21 days, aligning with the dosing schedule of the COMPASSION-15 trial. The cost-effectiveness of the intervention was evaluated by comparing the incremental cost-effectiveness ratio (ICER) value to the predetermined willingness-to-pay (WTP) threshold. If the ICER value was below the WTP threshold, the intervention was considered cost-effective. The WTP threshold was set at 1.94 times the Gross Domestic Product (GDP) per capita in 2023 (Xu et al., 2024), equating to $24,600/quality-adjusted life-year (QALY).
[image: Flowchart depicting treatment pathways for HER2-negative advanced gastric or gastroesophageal junction adenocarcinoma. Two branches show treatments: "Cadonilimab plus chemotherapy" and "Chemotherapy." Both lead to progression-free survival, progressed disease, or death. Arrows indicate possible transitions between these states.]FIGURE 1 | Schematic representation of the partitioned survival model. P, partitioned survival model.To extract data points from survival curves for both the entire cohort and subgroups with high PD-L1 expression (CPS ≥5) as well as low PD-L1 expression (CPS <5), WebPlotDigitizer was employed. Subsequently, patient-level data were reconstructed using R (version 4.3.2). A range of parametric survival functions (Exponential, Weibull, Gamma, Log-normal, Log-logistic, Gompertz, and Generalized gamma) were utilized to extend survival curves beyond the clinical trial’s observation period (Guyot et al., 2012). The distribution with the lowest Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) values, alongside visual inspection, was deemed the optimal distribution (Supplementary Table S2; Supplementary Figures S1-S3). Furthermore, the simulated survival curves were validated internally with COMPASSION-15 data and externally with CheckMate 649 and ORIENT-16 trial data. Table 2 presented the optimal distributions and key parameters.
TABLE 2 | Key model input.	Parameters	Baseline value	Minimum	Maximum	Distribution	Source
	Survival curves for overall population					
	OS curve of Cado plus Chem arm	meanlog = 2.7400, sdlog = 0.9694			Log-normal	
	OS curve of Chem arm	shape = 2.0250, scale = 11.449			Log-logistic	
	PFS curve of Cado plus Chem arm	meanlog = 2.0967, sdlog = 0.9578			Log-normal	
	PFS curve of Chem arm	shape = 2.1550, scale = 5.0930			Log-logistic	
	Survival curves for PD-L1 CPS ≥ 5subgroup					
	OS curve of Cado plus Chem arm	meanlog = 2.8510, sdlog = 1.1480			Log-normal	
	OS curve of Chem arm	shape = 1.8481, rate = 0.1381			Gamma	
	PFS curve of Cado plus Chem arm	meanlog = 2.1347, sdlog = 1.0133			Log-normal	
	PFS curve of Chem arm	shape = 2.2200, rate = 0.3550			Gamma	
	Survival curves for PD-L1 CPS < 5subgroup					
	OS curve of Cado plus Chem arm	meanlog = 2.6391, sdlog = 0.9383			Log-normal	
	OS curve of Chem arm	meanlog = 2.4292, sdlog = 0.8175			Log-normal	
	PFS curve of Cado plus Chem arm	meanlog = 2.0431, sdlog = 0.9247			Log-normal	
	PFS curve of Chem arm	shape = 2.0680, scale = 5.0710			Log-logistic	
	COST ($)					
	Radiological examination	171.03	136.82	205.24	Gamma	Lang et al. (2024)
	Blood chemistry	24.69	19.75	29.63	Gamma	Lin et al. (2024)
	Urinalysis	4.12	3.30	4.94	Gamma	Lin et al. (2024)
	Coagulation function	9.13	7.30	10.96	Gamma	Lin et al. (2024)
	Thyroid function	20.58	16.46	24.70	Gamma	Lin et al. (2024)
	12-lead electrocardiogram	3.70	2.96	4.44	Gamma	(Lin et al., 2024)
	Drug administration infusion	2.82	2.26	3.38	Gamma	Shen et al. (2022)
	Best supportive care per cycle	164.57	131.66	197.48	Gamma	Lang et al. (2024)
	Terminal care	1,460.30	1,168.24	1,752.36	Gamma	Lang et al. (2024)
	Cost of drugs					
	Cadonilimab/100 mg	211.16	168.93	253.39	Gamma	
	Oxaliplatin/100 mg	62.19	49.75	74.63	Gamma	
	Capecitabine/1000 mg	0.48	0.38	0.58	Gamma	
	Paclitaxel/100 mg	17.01	13.61	20.41	Gamma	
	Apatinib/100 mg	5.63	4.50	6.76	Gamma	
	Cost of serious adverse events					
	Decreased platelet count	1,522.49	1,217.99	1,826.98	Gamma	Chen et al. (2022)
	Decreased neutrophil count	116.28	93.02	139.53	Gamma	Chen et al. (2022)
	Decreased white blood cell count	473.01	378.41	567.61	Gamma	Liu et al. (2023)
	Anemia	473.34	378.67	568.01	Gamma	Chen et al. (2022)
	Hypokalemia	325.85	260.68	391.01	Gamma	Shao et al. (2022)
	Utility					
	PFS	0.80	0.64	0.96	Beta	Shiroiwa et al. (2011)
	PD	0.58	0.46	0.69	Beta	Shiroiwa et al. (2011)
	Disutility					
	Decreased platelet count	0.11	0.09	0.13	Beta	Lang et al. (2024)
	Decreased neutrophil count	0.20	0.16	0.24	Beta	Chen et al. (2022)
	Decreased white blood cell count	0.20	0.16	0.24	Beta	Chen et al. (2022)
	Anemia	0.07	0.06	0.08	Beta	Chen et al. (2022)
	Hypokalemia	0.03	0.02	0.04	Beta	Shao et al. (2022)
	Risk of serious AEs in Cado plus Chem group					
	Decreased platelet count	0.29	0.23	0.34	Beta	Shen et al. (2025)
	Decreased neutrophil count	0.15	0.12	0.18	Beta	Shen et al. (2025)
	Decreased white blood cell count	0.07	0.06	0.09	Beta	Shen et al. (2025)
	Anemia	0.10	0.08	0.12	Beta	Shen et al. (2025)
	Hypokalemia	0.06	0.05	0.07	Beta	Shen et al. (2025)
	Risk of serious AEs in Cado group					
	Decreased platelet count	0.25	0.20	0.30	Beta	Shen et al. (2025)
	Decreased neutrophil count	0.15	0.12	0.18	Beta	Shen et al. (2025)
	Decreased white blood cell count	0.06	0.05	0.08	Beta	Shen et al. (2025)
	Anemia	0.13	0.10	0.15	Beta	Shen et al. (2025)
	Hypokalemia	0.01	0.01	0.01	Beta	Shen et al. (2025)
	Body surface area, m2	1.72	1.38	2.06	Gamma	Shu et al. (2022)
	Body weight, kg	65.00	52.00	78.00	Gamma	Shu et al. (2022)
	Discount rate (%)	5.00	0.00	8.00	Fix	


Cado, cadonilimab; Chem, chemotherapy; OS, overall survival; PFS, progression-free survival; PD, progressive disease; PD-L1, programmed death ligand 1; CPS, combined positive score; AE, adverse event.
2.3 Cost and utility
As illustrated in Table 2, this study exclusively considered direct medical costs, encompassing laboratory tests, radiological examinations, medication expenditures, injection costs, best supportive care, end-of-life care, and cost associated with the management of adverse events (AEs). In accordance with the COMPASSION-15 protocol, patients underwent radiological examinations every 6 weeks during the initial 54 weeks, followed by examinations every 9 weeks thereafter. Additionally, 12-lead electrocardiograms, coagulation function tests, and thyroid function tests were conducted bi-cyclically. Given that oxaliplatin, capecitabine, and paclitaxel were included in China’s volume-based procurement program, their prices were established based on the winning bids. The prices of cadonilimab and apatinib were sourced from the database of Hunan Provincial Healthcare Security Administration. These prices could represent the latest drug prices at public hospitals in China. Based on the reported exposure times and medication dosages in the COMPASSION-15 study, we implemented corresponding adjustments in our model, presuming cadonilimab administration for eight cycles and other medications for 6 cycles. Patients were assumed to receive paclitaxel monotherapy following disease progression. Other cost data were extracted from existing literature. Due to the lack of health-related quality of life data in the COMPASSION-15 study, utility and disutility values associated with AEs were also obtained from the literature. The model concentrated on grade ≥3 AEs with an incidence rate exceeding 3% in any treatment group, assuming these events occurred during the initial cycle, as grade 1–2 AEs were generally manageable. All costs were converted to U.S. dollars using the 2023 exchange rate of 1 USD = 7.0467 RMB and adjusted to 2023 level using the Consumer Price Index. Additionally, cost and utility data were discounted annually at a rate of 5%.
2.4 Sensitivity analysis
To assess the robustness of the model, both one-way and probabilistic sensitivity analyses were performed. A one-way sensitivity analysis examined how changes in individual factors affected model outcomes, using parameter ranges from existing literature or adjusted by ±20% of the base-case value. Conversely, the probabilistic sensitivity analysis entailed the specification of distributions for each parameter, followed by the execution of Monte Carlo simulations with 1,000 iterations to evaluate the impact of concurrent changes in all parameters on the model outcomes. Table 2 contained detailed parameter inputs.
2.5 Scenario analysis
2.5.1 Scenario 1
Drawing on the distribution of various second-line treatments reported in the COMPASSION-15 trial, we incorporated a more comprehensive range of second-line treatment options for this scenario, including chemotherapy, immunotherapy, and targeted therapy. Immunotherapy continued to be represented by cadonilimab, as demonstrated by the COMPASSION-15 trial which indicated that patients who prematurely discontinued cadonilimab due to pseudoprogression or isolated responses could still benefit from cadonilimab monotherapy, if it was well tolerated (Billan et al., 2020; Spagnolo et al., 2021). Detailed information regarding specific treatment dosages and proportions was provided in Supplementary Table S3.
2.5.2 Scenario 2
In this scenario, the time horizon was set to 5 years to assess the influence of simulation duration on the outcomes.
2.5.3 Scenario 3
Cadonilimab was exclusively available in a 125 mg formulation, and patient dosages were determined based on body weight, which could result in dose wastage. In this scenario,the economic evaluation model incorporates the extra cost of this wastage.
3 RESULTS
3.1 Base-case analysis
As summarized in Table 3, the cadonilimab group achieved 1.16 QALYs at a total cost of $21,809.45, whereas the chemotherapy group achieved 0.80 QALYs at a total cost of $8,680.07. The corresponding ICER value was estimated to be $35,613.34/QALY, which surpassed the WTP threshold of $24,600/QALY. This indicated that the addition of cadonilimab to the treatment regimen did not constitute a cost-effective strategy.
TABLE 3 | Results of base-case and scenario analyses.	Treatment	Total cost ($)	Incremental costs ($)	QALYs	Incermental QALYs	ICER ($/QALY)
	Base-case analysis					
	 Overall population					
	  Chem	8,680.07		0.80		
	  Cado plus Chem	21,809.45	13,129.38	1.16	0.37	35,613.34
	 PD-L1 CPS ≥5					
	  Chem	7,676.28		0.64		
	  Cado plus Chem	23,332.42	15,656.13	1.38	0.74	21,142.58
	 PD-L1 CPS <5					
	  Chem	8,384.00		0.76		
	  Cado plus Chem	21,040.94	12,656.90	1.04	0.28	45,000.62
	Scenario analysis 1					
	 Overall population	15,293.69		0.80		
	  Chem	28,018.71	12,725.03	1.16	0.37	34,516.54
	  Cado plus Chem					
	 PD-L1 CPS ≥5					
	  Chem	12,862.43		0.64		
	  Cado plus Chem	31,674.73	18,812.30	1.38	0.74	25,404.78
	 PD-L1 CPS <5					
	  Chem	14,283.40		0.76		
	  Cado plus Chem	26,411.74	12,128.34	1.04	0.28	43,121.35
	Scenario analysis 2					
	 Overall population					
	  Chem	8,411.52		0.76		
	  Cado plus Chem	21,193.95	12,872.43	1.08	0.32	39,962.69
	 PD-L1 CPS ≥5					
	  Chem	7,672.66		0.64		
	  Cado plus Chem	22,053.12	14,380.46	1.21	0.57	25,269.12
	 PD-L1 CPS <5					
	  Chem	8,273.23		0.74		
	  Cado plus Chem	20,610.72	12,337.49	0.98	0.24	51,508.01
	Scenario analysis 3					
	 Overall population					
	  Chem	8,680.07		0.80		
	  Cado plus Chem	23,503.6	14,823.53	1.16	0.37	40,208.70
	 PD-L1 CPS ≥5					
	  Chem	7,676.28		0.64		
	  Cado plus Chem	25,025.66	17,349.37	1.38	0.74	23,429.19
	 PD-L1 CPS <5					
	  Chem	8,384.04		0.76		
	  Cado plus Chem	22,735.35	14,351.31	1.04	0.28	51,024.96


Cado, cadonilimab; Chem, chemotherapy; QALYs, quality-adjusted life-years; ICER, incremental cost-effectiveness ratio; PD-L1, programmed death ligand 1.
Subgroup analysis indicated that in the high PD-L1 expression subgroup, the cadonilimab group gained 0.74 additional QALYs over the chemotherapy group, a figure notably higher than the additional 0.28 QALYs observed in the low PD-L1 expression subgroup. The corresponding incremental costs were $15,656.13 and $12,656.90, respectively. Consequently, the ICER for the high PD-L1 expression subgroup was $21,142.58/QALY, falling below the WTP threshold, whereas for the low PD-L1 expression subgroup, it was $45,000.62/QALY, exceeding the threshold.
3.2 Sensitivity analysis
As depicted in Figure 2, tornado diagrams illustrated the top 10 factors exerting the most significant influence on the model. The model’s outcomes were primarily affected by the PFS utility, body weight, and the cost of cadonilimab. Nonetheless, none of these variables substantially altered the model results, underscoring the model’s robustness across the entire cohort and the two subgroups.
[image: Three tornado diagrams show sensitivity analyses for different populations based on PD-L1 CPS scores. Chart A, for the overall population, highlights utility of PFS and body weight as key factors, with an EV of $35,613.34/QALY. Chart B, for PD-L1 CPS ≥ 5, emphasizes cost of cadonilimab and body weight, with an EV of $21,142.58/QALY. Chart C, for PD-L1 CPS < 5, shows a balanced impact of utility of PFS and cost of cadonilimab, with an EV of $45,000.62/QALY. Each diagram uses blue for lower values and red for higher values.]FIGURE 2 | Tornado diagrams stratified by PD-L1 CPS thresholds. (A) Overall population. (B) High PD-L1 expression subgroup. (C) Low PD-L1 expression subgroup. PFS, progression-free survival; PD, progressed disease; QALY, quality-adjusted life-year; PD-L1 programmed death ligand 1; CPS, combined positive score; WTP, willingness-to-pay.The cost-effectiveness acceptability curves indicated that the likelihood of cost-effectiveness for cadonilimab combination therapy increased with rising WTP threshold, as shown in Figure 3. At a WTP threshold of $24,600/QALY, the probability of cost-effectiveness for cadonilimab combination therapy in the entire cohort was 0.3%, in the high PD-L1 expression subgroup was 88.4%, and in the low PD-L1 expression subgroup was 0%, as displayed in the scatter plot in Figure 4.
[image: Charts showing the probability of cost-effectiveness for cadonilimab plus chemotherapy versus chemotherapy alone. Panel A shows the overall population, with a WTP threshold of $24,600/QALY. Panel B shows PD-L1 CPS ≥ 5 with the same threshold. Panel C shows PD-L1 CPS < 5 with the same threshold. Red lines represent cadonilimab plus chemotherapy, and blue lines represent chemotherapy.]FIGURE 3 | Cost-effectiveness acceptability curves. (A) Overall population. (B) High PD-L1 expression subgroup. (C) Low PD-L1 expression subgroup. QALY, quality-adjusted life-year; PD-L1 programmed death ligand 1; CPS, combined positive score; WTP, willingness-to-pay.[image: Scatter plots displaying incremental cost versus incremental effectiveness across three groups: A shows the overall population, with costs ranging up to twenty thousand dollars, effectiveness up to 0.5 QALYs; B depicts PD-L1 CPS greater than or equal to five, with costs up to twenty-four thousand dollars, effectiveness up to 0.95 QALYs; C shows PD-L1 CPS less than five, with costs up to twenty thousand dollars, effectiveness up to 0.4 QALYs. All plots include a willingness-to-pay threshold of twenty-four thousand six hundred dollars per QALY.]FIGURE 4 | Scatter plots. (A) Overall population. (B) High PD-L1 expression subgroup. (C) Low PD-L1 expression subgroup. QALY, quality-adjusted life-year; PDL1 programmed death ligand 1; CPS, combined positive score; WTP, willingness-to-pay.3.3 Scenario analysis
The findings from the three scenario analyses aligned with those of the base-case analysis, indicating that the cadonilimab combination therapy was cost-effective within the high PD-L1 expression subgroup. Specifically, the ICER values for scenarios one to three were $25,404.78/QALY, $25,269.12/QALY, and $23,429.19/QALY, respectively, within this subgroup. In contrast, it did not exhibit economic advantages in the entire cohort, with ICER values of $34,516.54/QALY, $39,962.69/QALY, and $40,208.70/QALY, respectively, nor in the low PD-L1 expression subgroup, where the ICER values were $43,121.35/QALY, $51,508.01/QALY, and $51,024.96/QALY, respectively, as detailed in Table 3.
4 DISCUSSION
In China, the proportion of gastric cancer patients with a PD-L1 CPS <5 is as high as 50.8% (Zhang et al., 2021), highlighting the exceptional significance of cadonilimab’s approval. However, this study indicated that cadonilimab combination therapy did not achieve cost-effectiveness in either this subgroup or the overall population, except for the subgroup with a PD-L1 CPS ≥5. The observed variation in outcomes across subgroups was primarily attributed to significant differences in the incremental effects among diverse patient populations, as illustrated in Table 3. Specifically, the incremental effect in the PD-L1 CPS ≥5 subgroup was more than twice that observed in the PD-L1 CPS <5 subgroup. This discrepancy was attributed to the fact that, although cadonilimab was a bispecific antibody, its clinical benefits were enhanced with higher levels of PD-L1 expression, consistent with its performance in other solid tumors, such as cervical cancer (Wu et al., 2024). The tornado diagram revealed that the PFS utility value was the most influential factor affecting the model outcomes for both the entire cohort and the PD-L1 CPS <5 subgroup. This finding indirectly suggested that inadequate clinical benefit might be a primary contributor to the loss of cost-effectiveness. Furthermore, the cost of cadonilimab emerged as a significant determinant impacting the results. To achieve cost-effectiveness, the price of cadonilimab would need to be reduced by an additional 36.87% for the overall population and by 52.10% for the PD-L1 CPS <5 subgroup. It should be noted that, according to the 2020 edition of the China Guidelines for Pharmacoeconomic Evaluations, an ICER value that is less than three times the GDP per capita signifies an acceptable level of cost increase. This study, however, adopted a more stringent WTP threshold in the context of terminal illnesses, specifically 1.94 times the GDP per capita in 2023. This threshold was informed by research conducted by Xu L. et al., which investigated WTP thresholds across various disease scenarios in China (Xu et al., 2024).
In contrast to the more costly options of nivolumab, pembrolizumab, and sugemalimab, both sintilimab and tislelizumab have been included in China’s medical insurance coverage for the treatment of gastric cancer. While sintilimab did not demonstrate an OS benefit in patients with a PD-L1 CPS <5, our previous research established its cost-effectiveness in China, even within this subgroup. This finding might be attributed to its comparatively lower price and notable improvement in PFS (Xiang et al., 2024). Similarly, tislelizumab showed cost-effectiveness in patients with positive PD-L1 expression; however, the phase 3 clinical trial did not encompass patients with negative PD-L1 expression, making it impossible to evaluate its cost-effectiveness in this subpopulation (Lang et al., 2024; Xu et al., 2024). Other economic evaluations indicated that nivolumab or pembrolizumab plus chemotherapy was not deemed cost-effective in either China or the United States (Shu et al., 2022; Zheng et al., 2024; Lang et al., 2024; Lang et al., 2023; Zhang et al., 2023; Marupuru et al., 2023; Cao et al., 2023). These findings indicated that cadonilimab might exhibit a more favorable cost-effectiveness profile relative to high-cost drugs such as nivolumab, pembrolizumab, and sugemalimab. Nonetheless, its economic advantages might be less pronounced when compared to more affordable alternatives like sintilimab. It was important to acknowledge that these pharmacoeconomic evaluations did not account for the costs associated with testing for PD-L1 expression levels. Cadonilimab eliminates the necessity for PD-L1 testing, thereby conserving testing resources, reducing associated costs, and minimizing delays in diagnosis and treatment, which provides a comparative advantage over other ICIs. Additionally, domestically produced ICIs in China have shown superior efficacy compared to imported counterparts and have been incorporated into the national medical insurance system. This integration has significantly alleviated the financial burden of disease and improved access to medications. Such developments have played a pivotal role in advancing the standardization of medical practices in China. Given that bispecific antibodies have addressed the limitations of traditional ICIs, if reimbursement for cadonilimab is broadened to encompass gastric cancer indications, it is expected that a larger number of patients will benefit from this treatment. Drugs included in the medical insurance list through price negotiations may undergo additional price or reimbursement adjustments during the annual update. Thus, our data can serve as valuable references for healthcare decision-making, such as determining whether gastric cancer indications should be included in medical insurance reimbursement and whether to consider PD-L1 expression levels, and also for manufacturers in devising future pricing strategies.
This study possesses two primary strengths. Firstly, the inclusion of exclusively Chinese patients in the COMPASSION-15 study mitigated potential biases arising from regional or population heterogeneity within the model. Secondly, the COMPASSION-15 study provided survival curves not only for the entire intention-to-treat population but also for two subgroups. As a result, a partitioned survival model, which utilizes survival curves by directly extracting survival data, was employed. This approach was likely to more accurately represent the actual survival outcomes of patients, thereby enhancing the reliability of the analysis.
There are also several limitations. Firstly, lack of direct comparative clinical data prevented a comparison between cadonilimab and other first-line standard ICIs, such as nivolumab, pembrolizumab, sintilimab, tislelizumab, and sugemalimab. Future economic evaluations of these drugs may be performed using a meta-analysis approach. Secondly, the extrapolation of survival data using parametric survival functions could affect the results. Despite the maturity of the survival data from COMPASSION-15 and the rigorous internal and external validation of the simulated curves, it remains essential to validate the model with long-term real-world data to enhance its reliability. Thirdly, utility values were derived from existing literature, potentially misrepresenting real-world data. However, the sensitivity analysis demonstrated that variations within the specified range did not impact the model’s outcomes. Fourthly, while the WTP threshold employed in this study was generally considered appropriate for China’s oncology sector based on existing evidence, it did not account for regional income disparities within China, which could affect the outcomes. Fifthly, in alignment with COMPASSION-15 trial, this pharmacoeconomic evaluation was conducted exclusively within China. It is anticipated that further validation of cadonilimab’s efficacy and safety will be undertaken in regions outside of China. In certain developed countries with higher WTP thresholds, the probability of cadonilimab achieving cost-effectiveness across diverse populations may be enhanced.
In conclusion, cadonilimab plus chemotherapy as a first-line treatment for HER2-negative advanced G/GEJA was found to be more cost-effective than chemotherapy alone in patients with a PD-L1 CPS ≥5. However, this combination therapy did not demonstrate cost-effectiveness in the overall population or in the subgroup with a PD-L1 CPS of <5. This study offers insights for optimizing healthcare resource allocation and developing evidence-based pricing strategies. A more comprehensive budget impact analysis is still required.
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