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Purpose: The market price of adebrelimab, the first Chinese-developed anti-PD-L1 antibody used as a first-line treatment for 
extensive stage-small-cell lung cancer (ES-SCLC), has garnered significant public attention. This study sought to investigate the 
affordable price of adebrelimab for Chinese patients with untreated ES-SCLC through a cost-effectiveness analysis.
Patients and Methods: We conducted a cost-effectiveness analysis using a Markov model, incorporating a what-if scenario of 
adding adebrelimab to first-line etoposide/platinum (EP) chemotherapy is cost-effective for ES-SCLC patients from the perspective of 
the Chinese healthcare system. The model included three mutually exclusive health states, with transition probabilities derived from 
the CAPSTONE-1 trial. Health state utilities and costs were acquired from a myriad of authoritative sources. We compared the 
incremental cost-effectiveness ratios (ICERs) for adebrelimab plus EP chemotherapy (AEP) versus EP with a willingness-to-pay 
threshold of $37,654 per quality-adjusted life-years (QALYs) to estimate the affordable price ceiling of the upcoming adebrelimab.
Results: For the entire ES-SCLC population, the estimated price ceiling of adebrelimab/mg was $0.542 (95% CI, $0.542-$0.552). 
Subgroup analyses found that the highest price ceiling of adebrelimab/mg was observed in ES-SCLC patients with lactate dehydro
genase concentration ≤ upper normal limit [$0.824 (95% CI, $0.815-$0.830)]; and the lowest was found in ES-SCLC patients with 
liver metastasis [$0.252 (95% CI, $0.250- $0.256)]. Sensitivity analysis revealed a heightened probability of cost-effectiveness for the 
first-line AEP as the price of adebrelimab decreased, encompassing both the entire ES-SCLC population and its subgroups.
Conclusion: The affordable price range for adebrelimab/mg Chinese patients with untreated ES-SCLC was estimated to be between 
$0.252 and $0.824, with variations observed across different subgroups. In the context of universal healthcare coverage, our study 
provides valuable evidence to inform the implementation of a value-based pricing strategy for cancer treatment.
Keywords: cost-effectiveness, extensive stage-small-cell lung cancer (ES-SCLC), adebrelimab, drug pricing, China

Introduction
Lung cancer remains a serious public health issue in China, with 870,982 new cases and 766,898 deaths recorded in 
2020.1,2 Small cell lung cancer (SCLC), which is a fraction of all lung cancers (~15%), represented an aggressive 
malignancy with a five-year survival rate of around 7%.3 SCLC is characterized by an exceptionally rapid tumor growth 
and strong predilection for early metastasis. SCLC is classified into limited stage disease and extensive-stage (ES) 
disease, with the latter accounting for more than two thirds of the SCLC cases.4 In recent years, major milestones have 
been achieved in ES-SCLC immuno-chemotherapy with significant survival benefits and favorable safety, leading to the 
approval of the combination of programmed cell death protein-1/ligand-1 (PD-1/L1) inhibitors and first-line etoposide/ 
platinum (EP) chemotherapy for ES-SCLC.5–8 As of now, two imported PD-1/L1 inhibitors (atezolizumab and durva
lumab) in combination of EP chemotherapy have been listed as the standard-of-care for the management of ES-SCLC in 
the latest Chinese society of clinical oncology (CSCO) Guidelines.9 However, the widespread use of these two immuno- 
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chemotherapies in China is impractical, because of their unfavorable cost-effectiveness driven by the prohibitive price of 
imported anti-PD-1/L1 agents.10,11

To improve the accessibility to PD-1/L1 inhibitors in patients with ES-SCLC, Chinese government has been pouring 
large sums of funding into supporting the independent research for the development of domestic anticancer drugs.12 

Adebrelimab (SHR-1316) is the first China-developed anti-PD-L1 antibody that has shown anti-tumor activity as the 
first-line treatment of ES-SCLC.13 A recent clinical trial named CAPSTONE-1 investigated the efficacy and safety of 
adding adebrelimab to standard first-line EP chemotherapy in participants with untreated ES-SCLC (ClinicalTrials.gov 
Identifier: NCT03711305).13 The study reported that the combination therapy significantly improved overall survival 
(OS) compared with chemotherapy alone (median OS: 15.3 vs 12.8 months; hazard ration [HR]: 0.72 [95% CI:0.58– 
0.90]; p=0.0017), with acceptable safety profile. These favorable clinical evidence supports the combination of adebre
limab and EP chemotherapy (AEP) used as a new first-line treatment option for ES-SCLC.

The upcoming market price of adebrelimab has generated significant public attention due to its compelling clinical 
efficacy and the crucial role that the price of anticancer drugs plays in determining their widespread use.14 Cost- 
effectiveness analysis serves as a valuable tool for generating evidence to inform payers about therapy value and guiding 
drug pricing decisions.15,16 In this study, we conducted a cost-effectiveness analysis to investigate the affordable price of 
adebrelimab for Chinese patients with untreated ES-SCLC. Our primary objective was to provide insightful information 
for informed decision-making regarding the pricing of adebrelimab, with the ultimate aim of maximizing its potential 
benefits for the target patient population in China. The findings from this rigorous cost-effectiveness analysis will offer 
valuable evidence to guide the implementation of a value-based pricing strategy for cancer treatment.

Materials and Methods
Analytical Overview
To find the appropriate price for the upcoming adebrelimab, we designed a Markov model with a what-if scenario. That 
is, adding adebrelimab to the first-line EP chemotherapy is cost-effective for ES-SCLC patients from the perspective of 
the Chinese healthcare system. In this model, the clinical trajectory of ES-SCLC patients was simulated using 3 mutually 
exclusive health states: progression-free disease (PFD), post-progression disease (PD) and death (Figure 1). The Markov 
cycle length was purposefully established as 21 days to align with the clinical dosing interval for ES-SCLC treatment.9,13 

Additionally, a 10-year time horizon was chosen to ensure that nearly 99% of participants reach the terminal health state 
representing death. This extended timeframe enabled a comprehensive understanding of ES-SCLC’s trajectory and its 
long-term implications on patients’ health.

Figure 1 Markov model diagram. ES-SCLC extensive stage-small-cell lung cancer, AEP adebrelimab combined with etoposide and platinum, EP etoposide plus platinum.
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All patients entered in the model with the PFD health state and were randomly assigned to either the AEP group or 
the EP group. Patients in the AEP group received 4–6 cycles of EP chemotherapy (etoposide, 100mg/m2 administered on 
days 1–3 of each cycle; carboplatin, area under the curve of 5mg/mL/min administered on day 1 of each cycle) and up to 
35 cycles of adebrelimab (20 mg/kg on day 1 of each cycle).13 Patients in the EP group received EP chemotherapy with 
the identical dosage and schedule, while being assigned to placebo instead of adebrelimab. Patients experiencing disease 
progression during the period of first-line treatment will move to the PD health state, in which certain patients were 
proceeded to subsequent anticancer therapy. As per the CAPSTONE-1 trial, subsequent anticancer therapies used in our 
analyses were chemotherapy, targeted therapy, antiangiogenic therapy and immunotherapy. Finally, patients were 
provided end-of-life care before death as recommended by the CSCO Guidelines.9

We calculated the incremental cost-effectiveness ratio (ICER) as the incremental medical cost consumed for 
adebrelimab added to the first-line EP chemotherapy for each additional quality-adjusted life-year (QALY) gained. 
Using a willingness-to-pay (WTP) threshold of $37,654 per QALY (defined as three times of China’s per capita GDP in 
2021),17 we then determined the cost-effectiveness of AEP under different hypothetical market prices of adebrelimab, so 
as to to investigate the affordable price of adebrelimab for Chinese ES-SCLC patients. In this study, both costs and 
QALYs were discounted at an annual rate of 5%.17

The statistical tools used in this study were treeAge Pro Healthcare software (version 2021, https://www.treeage.com/) 
and R software (version 4.0.4, http://www.r-project.org). Our study collected and analyzed published data and was therefore 
deemed exempt from the approval of Clinical Ethics Committee of the Second Xiangya Hospital of Central South 
University.

Clinical Effectiveness
In the Markov model, the clinical effectiveness was quantified by QALY, which was determined by transition probability 
between health states and utility assigned to each health state.

We estimated the transition probabilities between health states using the Kaplan-Meier (KM) curves from the 
CAPSTONE-1 trial publication.13 First, survival data for each treatment strategy were digitized via the GetData Graph 
Digitizer software (version 2.26; http://www.getdata-graphdigitizer.com/index.php), and then fitted with five commonly 
used parametric survival models: exponential, Weibull, log-normal, log-logistic and Gompertz distributions. To deter
mine the best-fit survival models, we conducted goodness-of-fit tests using Akaike information criterion (AIC) and 
Bayesian information criterion (BIC). The survival model with the lowest AIC and BIC values was selected. We 
subsequently used the parameters of these best-fit survival models to estimate the transition probabilities between health 
states. The results of these goodness-of-fit tests are presented in Tables S1, S2 and Figures S1–S4.

Due to the dearth of health state utilities specific to Chinese ES-SCLC patients, the model employed utilities from 
a previous literature conducted on Chinese patients with non-small cell lung cancer.18 The utility scores obtained from 
this literature were 0.856 for the PFD health state and 0.768 for the PD health state, respectively.18 Experiencing grade 
III/IV adverse events (AEs) during the period of first-line treatments was considered to be associated with a decrement in 
utility (otherwise known as disutility).19 To calculate the disutility of each first-line treatment, we assumed that all AEs 
occurred in the first cycle and then multiplied the disutilities reported for specific AEs by the corresponding AEs 
frequencies observed in the CAPSTONE-1 clinical trial. The disutility of each AE was summed up to obtain the disutility 
for the first-line treatment of interest (Table S3). All clinical effectiveness inputs are summarized in Table S4.

Medical Costs
We analyzed data from the perspective of the Chinese healthcare system. In this study, all costs were inflated to 2021 
prices using domestic inflation rates derived from China’s healthcare consumer price index in 2021 and then exchanged 
into US dollars using the exchange rate in 2021 (1 USD was equivalent to 6.4514 CNY).20

We considered the costs for drug acquisition and treating AEs. Etoposide and carboplatin acquisition prices were 
obtained from the National Health Industry Data Platform.21 To calculate the dosages of etoposide and carboplatin, we 
assumed that the model patients have a mean body surface area of 1.72 m2 and a mean creatinine clearance rate of 70mL/ 
min.22 The treatment costs of all grade III/IV AEs were included in the model, and these AEs costs were estimated locally 
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(Table S3). Other direct costs such as routine follow-up costs, subsequent therapy costs, best supportive care costs and 
end-of-life care costs that were derived from previous literature were also considered in the model.22

Price Simulation
The model set the price of adebrelimab/mg to vary between $0 and $4.21. The lower price limit of $0 was set to 
investigate the lowest price of the upcoming adebrelimab that Chinese ES-SCLC patients could afford. The upper price 
limit of $4.21 was set according to the bid-winning price of durvalumab that is available on the National Health Industry 
Data Platform as of December 30, 2021, because durvalumab was the only PD-L1 inhibitor recommended by the CSCO 
Guidelines for the first-line treatment of ES-SCLC. We used a pre-specified average body weight of 65.0 kg of Chinese 
ES-SCLC patients when calculating the dosage of treatment.22 Based on the latest bid-winning price of durvalumab of $ 
2804 per 500mg,21 and the dosage of 15mg/kg per 21-day cycle,23 we estimated that the cost of durvalumab per cycle 
would be $ 5468. Because the cost of domestic anticancer drugs is generally much lower than that of similar imported 
products,24 we assumed that the cost of adebrelimab per cycle would not exceed $ 5468. Accordingly, we calculated the 
upper price limit of adebrelimab/mg by dividing the upper cost limit of adebrelimab/cycle ($ 5468) by the dosage of 
adebrelimab/cycle (20mg/kg*65kg), which was $ 4.21/mg.

Subgroup and Sensitivity Analysis
In conducting subgroup analyses, initially, we gathered HRs for OS and PFS comparing first-line AEP with first-line EP 
in different subgroups from the CAPSTONE-1 clinical trial. As there was a lack of survival data specifically pertaining to 
first-line EP in these subgroups, we made the assumption that the survival benefit observed in the entire group was 
consistent across all subgroups within the EP group. Subsequently, the HR of OS or PFS for each subgroup was 
individually incorporated into the model to adjust the survival probabilities for first-line AEP, utilizing the following 
formula: SAEP ¼ ðSEPÞ

HR. In the sex-specific subgroup, we assumed male and female patients having an average body 
weight of 69.6kg and 59.0kg, respectively.25

Deterministic sensitivity analyses (DSA) were implemented to test the impact of individual parameters on our results. 
During DSA, the discount rate was tested between 0%~8%,17 utilities were tested within the reported ±95% confidence 
intervals (CIs),18 and other parameters were tested within ±20% of the baseline value. Please refer to Table S4 for 
specific details of the parameter variations during the DSA.

Probabilistic sensitivity analyses (PSA) were carried out to determine the probabilities of AEP being cost-effective 
under different hypothetical market prices of adebrelimab. In PSA, 10,000 Monte Carlo simulations were performed 
using model parameters randomly sampled from the distribution listed in Table S4.

Results
Base-Case Analysis
For the entire ES-SCLC population, within the assumed market price range of adebrelimab/mg, the ICERs between first- 
line AEP and first-line EP varied from $11,236/QALY to $216,409/QALY (Table 1), with the value decreasing with 
a lower price of adebrelimab (Figure 2). A price of adebrelimab/mg less than $0.542 would allow the ICER for AEP 
versus EP below the WTP threshold of $ 37,654 per QALY (Figure 2)

Subgroup Analyses
Subgroup analysis results are detailed in Table 1. Figure 2 shows the relationship between the price of adebrelimab/mg 
and the ICER of first-line AEP versus first-line EP. To make the first-line AEP more cost-effective than the first-line EP, 
the price ceiling of adebrelimab per mg was $0.824 ($0.815-$0.830) in the subgroups of ES-SCLC patients with lactate 
dehydrogenase (LDH) concentration ≤upper normal limit (ULN), which was highest among all subgroups; the subgroups 
of ES-SCLC patients with liver metastasis (LDH) gained the lowest price ceiling of adebrelimab per mg, which is $0.252 
($0.250-$0.256).
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Table 1 Summary of Simulation Results

Population HRs for 
AEP vs EP

Incremental 
QALY for 
AEP vs EP

Incremental 
Cost for AEP 
vs EP, $USa

ICER for AEP vs EP, 
$/QALYb

Price Ceiling of Adebrelimab/mg 
that Renders AEP Cost-Effective, 

Mean (95% CI), $US

Cost Ceiling of Adebrelimab/ 
Cycle that Renders AEP Cost- 
Effective, Mean (95% CI), $US

OS PFS

Entire patient population 0.72 0.67 0.312 3501 to 67,437 11,236 to 216,409 0.542 (0.542–0.552) 705 (704–717)

Subgroups

Male 0.72 0.72 0.284 3474 to 64,019 12,230 to 225,525 0.502 (0.501–0.510) 652 (651–664)
Female 0.62 0.55 0.457 5627 to 65,122 12,305 to 142,409 0.820 (0.812–0.826) 1,066 (1,055–1,073)

Age <65 years 0.71 0.70 0.299 3667 to 61,057 12,245to 204,225 0.557 (0.550–0.560) 724 (714–728)

Age ≥65 years 0.70 0.62 0.318 3490 to 64,790 10,969 to 203,652 0.583 (0.579–0.588) 758 (752–765)
ECOG performance status score of 0 0.83 0.62 0.157 246 to 61,545 1567 to 391,143 0.390 (0.386–0.393) 507 (502–511)

ECOG performance status score of 1 0.69 0.69 0.329 4206 to 62,044 12,784 to 188,568 0.596 (0.594–0.605) 774 (772–786)

Current or former smoking 0.75 0.76 0.242 2837 to 57,811 11,719 to 238,828 0.481 (0.476–0.486) 625 (619–631)
Never smoking 0.59 0.44 0.530 5445 to 79,863 10,269 to 150,617 0.821 (0.817–0.830) 1,068 (1,063–1,079)

LDH concentration ≤ULN 0.59 0.7 0.506 7843 to 65,241 15,485 to 128,813 0.824 (0.815–0.830) 1,071 (1,059–1,079)

LDH concentration >ULN 0.83 0.64 0.156 377 to 60,615 2,414 to 388,424 0.384 (0.380–0.387) 500 (494–503)
With liver metastasis 0.92 0.74 −0.068 −54,957 to 780 −11,494 to 810,306 0.252 (0.250–0.256) 327 (325–333)

Without liver metastasis 0.61 0.64 0.470 6699 to 66,941 14,265 to 142,540 0.768 (0.763–0.776) 998 (992–1,099)

Without brain metastasis 0.68 0.65 0.347 4295 to 64,028 12,389 to 184,687 0.661 (0.659–0.671) 803 (802–815)
IV stage disease 0.72 0.68 0.286 3272 to 61,564 11,448 to 215,346 0.541 (0.538–0.548) 703 (700–712)

PD-L1 expression <1% 0.66 0.68 0.377 5116 to 63,409 13,560 to 168,055 0.657 (0.650–0.662) 854 (845–861)

PD-L1 expression ≥% 0.72 0.70 0.285 3376 to 60,771 11,852 to 213,366 0.539 (0.537–0.547) 701 (698–711)

Notes: aThe range of incremental costs corresponds to the variation in ICER values when the price of adebrelimab/mg was adjusted from 0 to 4.21$ during the base-case analysis (price simulation analysis), while maintaining other 
parameter values at their baseline levels. bThe range of ICER corresponds to the variation in ICER values when the price of adebrelimab/mg was adjusted from 0 to 4.21$ during the base-case analysis (price simulation analysis), while 
maintaining other parameter values at their baseline levels. 
Abbreviations: HRs, hazard rations; AEP, adebrelimab combined with etoposide and platinum; EP, etoposide plus platinum; ICER, incremental cost-effectiveness ratios; DSA, deterministic sensitivity analysis; QALY, quality-adjusted life- 
year; CI, Confidence Interval; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; ULN, upper normal limit; PD-L1, programmed cell death ligand-1.
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Sensitivity Analysis
Figure S5 showed the results of DSA for entire patient population. We found that the price ceiling of adebrelimab/mg, 
which render AEP cost-effective, fluctuated between $0.41 to $0.68 as a result of parameter uncertainty. The mean 
patient weight had the greatest impact on model results, followed by the proportion of of subsequent anticancer therapies. 
Changes in other parameters have little impact on the model results.

Figure S6 illustrated the probability of first-line AEP to be cost-effective compared with first-line EP under different 
marketing prices of adebrelimab/mg. In general, the probability increased with the decreasing adebrelimab price in both 
the entire ES-SCLC population and subgroups.

Discussion
In 2008, the Chinese government launched the “major new drug development” project to improve the accessibility and 
affordability of cancer treatments for patients.26 The program has had a significant and far-reaching impact on reducing 
the national burden of cancer by expediting the discovery and development of domestic anticancer agents.24 Notably, 
remarkable achievements have been made in the field of lung cancer therapeutic drugs, primarily due to China having the 
largest population of lung cancer cases globally, accounting for more than one-third of all cases.1,2 Out of the 26 
domestically approved anticancer drugs in China since 2016, nine are specifically designed for the treatment of lung 
cancer.27 Adebrelimab stands out as the first domestically developed anti-PD-L1 antibody used as a first-line treatment 
for ES-SCLC.

Domestic anticancer drugs have significant market potential due to their cheaper price compared to imported 
alternatives and their successful performance in trials against active controls. However, the market price remains 
a critical factor in determining their widespread use among a large population.14 In the past few decades, the treatment 
of ES-SCLC has primarily relied on traditional platinum-based chemotherapy, which has shown undesirable efficacy.9 

Although imported PD-1/L1 inhibitors like atezolizumab and durvalumab have been introduced into China for ES-SCLC 

Figure 2 The relationship between the price of adebrelimab/mg and ICER of first-line AEP versus first-line EP. The intersection of the red straight line and other slashes 
represent the price ceiling of adebrelimab/mg that makes the first-line AEP cost-effective compared with the first-line EP. 
Abbreviations: AEP, adebrelimab combined with etoposide and platinum; EP, etoposide plus platinum; ECOG, Eastern Cooperative Oncology Group; LDH, lactate 
dehydrogenase; ULN, upper normal limit; ES-SCLC, extensive stage-small-cell lung cancer; PD-L1, programmed cell death ligand-1.
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treatment in recent years, their cost of over $5000 per 21-day cycle make them unaffordable for most of Chinese 
patients.21 The emergence of adebrelimab is expected to revolutionize the therapeutic paradigm for ES-SCLC, generating 
significant interest from the government, academia and the public regarding its upcoming price. In our current study, we 
explored the affordable price for adebrelimab by constructing a Markov model from the perspective of the Chinese 
healthcare system. Our findings suggest that, for the entire ES-SCLC population, at a WTP threshold of $37,654 per 
QALY, first-line AEP was cost-effective when the price of adebrelimab/mg was below $0.542. Subgroup analyses 
revealed that first-line AEP outperformed first-line EP in all subgroups when the price of adebrelimab/mg was lower than 
$0.252; conversely, first-line AEP was inferior to first-line EP when the price of adebrelimab/mg exceeded $0.824. 
Within the price range of $0.252 and $0.824 per mg of adebrelimab, first-line AEP demonstrated improved performance 
in specific subgroups. For instance, at a price of $0.4 per mg of adebrelimab, first-line AEP was not cost-effective in the 
subgroups of ES-SCLC patients with ECOG performance status score of 0, LDH concentration >ULN and liver 
metastasis. Our sensitivity analysis indicated an increased probability of first-line AEP being cost-effective compared 
to first-line EP as the price of adebrelimab decrease, both for the entire ES-SCLC population and its subgroups.

This systematic cost-effectiveness study provides valuable insights into the pricing of the upcoming anticancer drug, 
adebrelimab. In 2009, China implemented the renowned “Universal Medical Insurance System”, achieving coverage of 
over 95% of the population by 2020.28,29 As a result, the expenditure of the medical insurance fund has quintupled over 
the past 11 years, reaching $331.7 billion from $52.6 billion.29 The sustainable development of the “Universal Medical 
Insurance System” not only requires the coverage of medical expenditure but also necessitates addressing the significant 
treatment demand from the vast population base of approximately 1.4 billion.28 In this context, reasonable pricing of 
cancer drugs becomes an crucial. The value-based pricing informed by this cost-effectiveness study will provide useful 
guidance for determining the price of the upcoming adebrelimab.

Reasonably priced adebrelimab offers several positive impacts at both the individual level and societal level. Firstly, 
compared to similar imported drugs, a lower cost of adebrelimab increases the likelihood that Chinese ES-SCLC patients 
can afford this crucial life-saving treatment. Secondly, treating ES-SCLC with reasonably priced adebrelimab signifi
cantly reduces the medical expenditure associated with this disease and alleviate the budgetary strains on the Chinese 
healthcare system. Thirdly, the saved medical expenditure can be used to subsidize and reimburse treatments for other 
types of cancer, thereby promoting the sustainable development of the Universal Medical Insurance System.

This study has several limitations.First, due to the lack of survival data for first-line EP in different subgroups, we 
assumed that the survival benefit was consistent across all subgroups by applying the survival data from the entire EP 
group. Secondly, potential biases may be introduced by incorporating non-native data, such as some literature-based 
costs, into the model. Thirdly, Thirdly, the lack of health state utilities specifically tailored to Chinese ES-SCLC patients 
introduces a level of uncertainty. In order to address this, utility scores from previous literature evaluating Chinese 
patients with non-small cell lung cancer were employed in the model. However, it is important to note that acquiring 
more accurate and relevant data would further enhance the precision and accuracy of the model. Fourthly, the inherent 
bias of model-based analysis lied in the uncertainty surrounding post-trial outcomes for patients. Lastly, while our 
conclusion may not be generalized to other counties due to the unique perspectives and data used in this study, it is worth 
noting that China has the highest distribution of new lung cancer cases. Therefore, the valuable evidence yielded from 
this study holds the potential to alleviate disease and financial burdens on both a national and global scale.

Conclusion
In conclusion, our study has determined that the affordable price range of adebrelimab/mg for Chinese patients with 
untreated ES-SCLC is estimated to be between $0.252 and $0.824, with variations observed among different subgroups. 
These findings provide valuable evidence to guide the development of a value-based pricing strategy for cancer 
treatment.

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