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Objective: Our study aimed to evaluate the cost-effectiveness of the addition of

serplulimab to chemotherapy (cisplatin and fluorouracil) for programmed death-

ligand 1 (PD-L1) positive advanced esophageal squamous cell carcinoma (ESCC)

as the first-line treatment in China.

Methods: A three-state Markov model was established to assess the incremental

cost-effectiveness ratio (ICER) for serplulimab plus chemotherapy versus

chemotherapy alone. Survival data were extrapolated from the ASTRUM-007

trial, cost data were derived from local sources, and utilities were derived from

published literature. Health outcomes were measured as quality-adjusted life-

years (QALYs). Sensitivity and probability sensitivity analyses were used to

investigate the robustness of the model.

Results: In the base-case analysis, compared with chemotherapy alone,

serplulimab gained an additional 0.16 QALYs with an incremental cost of

$29,547.88, leading to an ICER of $184,674.25/QALY. Additionally, the subgroup

analyses presented that the ICERs of serplulimab plus chemotherapy were

$157,892.50/QALY and $127,996.45/QALY in advanced ESCC patients with 1≤

CPS< 10 and CPS≥ 10, respectively. These ICERs significantly exceeded the

Chinese willingness-to-pay (WTP) threshold. The deterministic sensitivity analysis

illustrated that the cost of progression-free survival in serplulimab plus

chemotherapy group was the parameter with the strongest influence on the ICERs.

Conclusion: In the Chinese health care system, with 3 times China’s per capita

gross domestic product as the WTP threshold, compared with chemotherapy

alone, serplulimab combined chemotherapy is not economical for PD-L1-

positive advanced ESCC in the first-line setting.

KEYWORDS
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Introduction

Esophageal cancer is the seventh most frequent cancer globally,

with more than 604,000 new cases identified each year (1).

Additionally, esophageal cancer is the sixth greatest cause of

cancer-related death, accounting for approximately 500,000

cancer-related deaths each year. Meanwhile, the overall 5-year

survival rate for esophageal cancer patients is less than 20% (1).

The most common histologic subtype of esophageal cancer in

China is esophageal squamous cell carcinoma (ESCC) (2).

Because early ESCC does not have specific clinical symptoms,

most patients who do not receive an early diagnosis are often

diagnosed at an advanced stage, resulting in a poor quality of life

and a poor prognosis (3).

Chemotherapy is the first-line treatment for advanced or

metastatic ESCC, and the most commonly used chemotherapy

drugs for esophageal cancer include cisplatin, 5-fluorouracil (5-

FU), and doxorubicin (4). Second-line chemotherapy is usually

performed using a single drug, such as docetaxel or paclitaxel (5).

However, the significant toxicity of chemotherapy, including

nephrotoxicity, neurotoxicity, ototoxicity, and bone marrow

suppression, as well as drug resistance, has a negative impact on

its clinical use (6).

Immune checkpoint inhibitors have been suggested as a first-

line treatment option for advanced ESCC patients in recent years.

Pembrolizumab or nivolumab, in combination with chemotherapy,

produced encouraging results in the treatment of advanced ESCC

cancer (7, 8). Subsequently, China’s domestic immunotherapy

drugs, including sintilimab, camrelizumab, toripalimab and

tislelizumab, have also achieved promising results in advanced

ESCC (9–12). There is no doubt that these novel drugs offer more

treatment options for advanced ESCC patients.

Recently, a randomized phase III trial (ASTRUM-007) in China

investigated chemotherapy with the programmed cell death

protein-1 (PD-1) inhibitor serplulimab for PD-L1-positive

advanced ESCC patients. The combination of serplulimab plus

chemotherapy every two weeks improved progression-free

survival (PFS) and overall survival (OS) with acceptable toxicity

(median PFS, 5.8 vs. 5.3 months; hazard ratio (HR) = 0.60; p<

0.0001; median OS, 15.3 vs.11.8 months; HR = 0.68; p = 0.0020)

(13). For advanced ESCC patients with PD-L1 combination positive

score (CPS) ≥10, the benefit was even greater in the serplulimab

plus chemotherapy group compared with chemotherapy alone

group (median PFS, 7.1 vs. 5.3 months; HR = 0.60; p< 0.0001;

median OS, 18.6 vs.13.9 months; HR = 0.59; p = 0.0082).

Despite its efficacy, serplulimab is much more expensive than

the existing standard chemotherapy, which might impose a

considerable financial strain on the national healthcare system.

This is especially important because serplulimab is scheduled to

be licenced by China’s National Medical Products Administration

(NMPA). To further understand the relative costs of the two

therapies on health outcomes, an economic comparison of

serplulimab versus conventional chemotherapy as first-line

therapy for advanced ESCC is necessary. The goal of our study is

to compare the cost-effectiveness of serplulimab plus chemotherapy
Frontiers in Oncology 02
with chemotherapy alone for untreated, PD-L1-positive advanced

ESCC patients in the Chinese healthcare system.
Methods

Patients and interventions

The target population and treatment strategies are based on the

ASTRUM-007 (NCT03958890) clinical study, which is a

randomized, double-blind, multicentre, phase III clinical study

(13). Previously untreated locally advanced or metastatic ESCC

patients with PD-L1 CPS≥ 1 were randomly assigned (2:1) to

receive treatment with serplulimab plus chemotherapy or

chemotherapy alone. This clinical trial was conducted in China

and included a total of 976 advanced ESCC patients. Serplulimab (3

mg/kg D1) was given in conjunction with cisplatin (50 mg/m2 D1)

and a continuous infusion of 5-FU (1,200 mg/m2, D1-2) every two

weeks. Only cisplatin and 5-FU were used in the chemotherapy

arm. The serplulimab plus chemotherapy group had a median

follow-up of 14.9 months, and the chemotherapy group

15.0 months.
Model structure

The TreeAge Pro 2020 was used to create the Markov model in

this study (Williamstown, MA). According to the development of

advanced ESCC, three mutually exclusive health states, including

PFS, progressive disease (PD), and death were defined in this model,

as shown in Figure 1. We assumed that at the start of the simulation,
FIGURE 1

The structure of our model in the first-line setting for advanced
esophageal squamous cell carcinoma. S, serplulimab; ESCC,
esophageal squamous cell carcinoma;PFS, progression-free survival;
PD, progressive disease.
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all patients were in the PFS state and that transitions between states

could occur based on the transition probabilities. In other words,

patients in the PFS state could either remain in the PFS state or

transition to the PD or death stage. Patients in the state of PD could

either stay in PD state or transition to death. The GetData Graphical

Digitizer was used to obtain Kaplan-Meier survival results for PFS

and OS from the ASTRUM-007 study (version 2.26). We

reconstructed individual patient data following the method of

Hoyle et al. (14). Using the R statistical program, the Weibull

distribution was fitted for the PFS and OS curves (version 4.0.5)

(Figures 2, 3). The shape parameter (g) and scale parameter (l) of
Weibull distribution were used to calculate the transfer

probabilities. Transition probabilities (P) in our model were

obtained from the following formula:

P(tu)= 1 −exp l(t − u)g−ltgf g (l>0, g>0)

where u is the Markov cycle and tu represents the arrival at state

t after u Markov cycles (15). The Markov cycle length was 1 month,

and the time horizon in the model was set to 10 years. The

parameters used in the model are illustrated in Table 1. The

outcomes of our model were quality-adjusted life-years (QALYs).

The willingness-to-pay (WTP) was established at $37,663.26/QALY

based on a recommendation of three times the gross domestic

product (GDP) of China (16). The incremental cost-effectiveness

ratio (ICER) and the incremental monetary benefit (INMB) were

calculated based on the following formulas:

ICER=DCost=DEffectiveness

INMB = DEffectiveness�WTP−DCost
Frontiers in Oncology 03
DEffectiveness = Effectiveness of serplulimab plus chemotherapy

− Effectiveness of chemotherapy

DCost= Costs of serplulimab plus chemotherapy

− Costs of chemotherapy

When the ICER is less than the threshold, the additional cost is

deemed acceptable; when the ICER exceeds the threshold, the

increased cost is deemed unjustifiable. When the INMB > 0, the

intervention is considered to be a cost-effectiveness option.
Cost and utility estimates

Only direct medical expenditures were considered, including

medicine costs (serplulimab, chemotherapy drugs, antiemetics, and

so on), blood and biochemical test costs, imaging examination costs,

treatment-related adverse event (AE) costs, and subsequent

treatment costs. The chemotherapy dosages were determined

using the standard body surface area and standard weight (1.72

m2, 65 kg) (17). Prices were derived from the West China Hospital

since drug prices are approximately the same in most Chinese

medical centres. All costs were converted into US dollars at the

current conversion rate of $1 = ¥ 6.77. For second-line treatment,

the ASTRUM-007 trial reported that 139 patients in the serplulimab

plus chemotherapy group and 95 in the placebo plus chemotherapy

group received subsequent anticancer therapy. Additionally, 64

patients in the serplulimab plus chemotherapy group and 61

patients in the placebo plus chemotherapy group received

immunotherapy. For other patients, we hypothesized that the
A B

C

FIGURE 2

(A) The fitting of PFS in Weibull curves for patients with PD-L1 CPS ≥ 1; (B) The fitting of PFS in Weibull curves for patients with PD-L1 1≤CPS<10;
(C) The fitting of PFS in Weibull curves for patients with PD-L1 CPS ≥ 10; CPS, combined positive score; PFS, progression-free survival.
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A B

C

FIGURE 3

(A) The fitting of OS in Weibull curves for patients with PD-L1 CPS ≥ 1; (B) The fitting of OS in Weibull curves for patients with PD-L1≤CPS<10;
(C) The fitting of OS in Weibull curves for patients with PD-L1 CPS ≥ 10; CPS, combined positive score; OS, overall survival.
TABLE 1 Major parameters in the Markov model.

Parameter Serplulimab+ chemotherapy Chemotherapy Distribution

Costs per cycle ($)

Serplulimab 3,415.47 NA Gamma

Chemotherapy 705.15 578.75 Gamma

Antiemetic drugs 200.16 164.28 Gamma

Tests 384.63 330.37 Gamma

AEs 50.13 40.86 Gamma

Hospitalization 40.34 33.11 Gamma

Subsequent therapy cost 430.95 869.24 Gamma

Utilities

PFS 0.68 0.68 Beta

PD 0.42 0.42 Beta

Survival data

Patients with CPS ≥1

Weibull model in PFS l=0.0594 l=0.0595 Fixed

g=1.275 g=1.532 Fixed

Weibull model in OS l=0.0119 l=0.0158 Fixed

g=1.478 g=1.482 Fixed

Patients with 1≤CPS<10

Weibull model in PFS l=0.0678 l=0.0655 Fixed

g=1.258 g=1.513 Fixed

(Continued)
F
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following treatment was chemotherapy. Base on the Chinese Society

of Clinical Oncology (CSCO) guidelines, irinotecan and docetaxel

were used for them. Utility is a measure of patient quality of life that

ranges from 0 to 1. The values for health utility were derived from

recently published literature. The utility value for the PFS, PD, and

death states was 0.68, 0.42, and 0, respectively (18). Both the costs

and utilities were discounted at a rate of 5% per year.
Subgroup analysis

In the subgroup analysis, we also analyzed the cost-effectiveness

of serplulimab plus chemotherapy for advanced ESCC patients with

PD-L1 1 ≤CPS<10 and PD-L1 CPS ≥10. The clinical information of

patients with PD-L1 1 ≤CPS<10 and PD-L1 CPS ≥10 was derived

from the Kaplan–Meier survival curves reported in the ASTRUM-

007 trial.
Sensitivity analysis

The stability of the model was examined using sensitivity

analyses. A one-way probabilistic sensitivity analysis was

conducted to assess the influence of model uncertainty on the

cost-effectiveness of treatment strategies. Parameters in the model

were changed within ±20% of the baseline value to examine their

impact on the ICERs and INMB. A tornado diagram was used to

show the results of the one-way sensitivity analysis. We employed a

probabilistic sensitivity analysis to simultaneously investigate the

uncertainty of all model parameters through 1000 iterations of a

Monte Carlo simulation.
Results

Base case results

Table 2 presents the results of basic analysis of the two

treatment regimens. Serplulimab produced an incremental 0.16

QALYs, with an incremental cost of $ 29,547.88, which led to an

ICER of $184,674.25/QALY, significantly exceeding the Chinese
Frontiers in Oncology 05
WTP threshold ($37,663.26/QALY). The INMB was -$29,547.88 at

aWTP threshold of $37,663.26/QALY. The subgroup demonstrated

that the combined serplulimab and chemotherapy group provided a

gain of 0.18 QALYs at additional cost of $28,420.65 compared to the
TABLE 1 Continued

Parameter Serplulimab+ chemotherapy Chemotherapy Distribution

Weibull model in OS l=0.0176 l=0.0125 Fixed

g=1.396 g=1.667 Fixed

Patients with CPS ≥10

Weibull model in PFS l=0.0456 l=0.0228 Fixed

g=1.294 g=1.354 Fixed

Weibull model in OS l=0.0086 l=0.0536 Fixed

g=1.504 g=1.619 Fixed
PFS, progression-free survival; PD, progressive disease; AEs, adverse events; CPS, combined positive score; NA, not applicable.
TABLE 2 Results of the cost-effectiveness analysis.

Result
Serplulimab+
chemotherapy

Chemotherapy

Patients with CPS ≥1

Cost ($) 43,427.43 13,879.55

Incremental costs ($) 29,547.88 NA

Effectiveness (QALYs) 0.78 0.62

Incremental effectiveness
(QALYs)

0.16 NA

ICER ($/QALY) 184,674.25 NA

INMB ($) -29,547.88 NA

Patients with 1≤CPS<10

Cost ($) 40,318.56 11,897.91

Incremental costs ($) 28,420.65 NA

Effectiveness (QALYs) 0.72 0.54

Incremental effectiveness
(QALYs)

0.18 NA

ICER ($/QALY) 157,892.50 NA

INMB ($) -28,420.65 NA

Patients with CPS ≥10

Cost ($) 51,021.86 13,902.89

Incremental costs ($) 37,118.97 NA

Effectiveness (QALYs) 0.91 0.62

Incremental effectiveness
(QALYs)

0.29 NA

ICER ($/QALY) 127,996.45 NA

INMB ($) -26,196.62 NA
CPS, combined positive score; QALY, quality-adjusted life year; ICER, Incremental cost-
effectiveness ratio; INMB, incremental net monetary benefit; NA, not applicable.
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chemotherapy alone group for advanced ESCC patients with PD-L1

expression level of 1 ≤CPS<10. The combined serplulimab and

chemotherapy group provided a gain of 0.29 QALYs with

incremental costs of $37,118.97 compared to the chemotherapy

alone group for advanced ESCC patients with PD-L1 expression

level of CPS≥10. The ICER was $157,892.50 and $127,996.45 per

QALY in patients with PD-L1 1≤CPS<10 and CPS≥ 10,

respectively. These ICERs also exceeded the WTP threshold.

Therefore, the addition of serplulimab to chemotherapy is not an

economical choice for advanced ESCC patients with PD-L1-

positive, PD-L1 1≤ CPS< 10 and CPS ≥ 10 in China.
Sensitivity analyses

One-way sensitivity analysis
The results of the one-way sensitivity analysis are presented

in a tornado diagram (Figure 4). When the model parameters
Frontiers in Oncology 06
were changed within a certain range, the cost of PFS in

serplulimab and chemotherapy had the greatest impact on

the model results regardless of PD-L1 expression level. The

utility of PFS and the price of serplulimab also had a

considerable impact on ICERs and INMB. In addition,

hospitalization expenses and AEs management costs had a

weak influence on the results.
Probabilistic sensitivity analysis
The probabilistic sensitivity analysis results are shown in

Figure 5. When the WTP threshold was 3 times the GDP per

capita in China, the cost-effectiveness acceptability curve showed a

0% probability of serplulimab combined with chemotherapy

compared to chemotherapy alone is a cost-effective strategy in the

overall population and in subgroups. The acceptable proportion of

the serplulimab combined with chemotherapy group was increased

as the WTP threshold increased.
A B

C

FIGURE 4

Tornado diagram representing results of one-way sensitivity analysis. It presents influence of important variables on the ICERs and INMB. (A) Patients
with PD-L1 CPS ≥ 1; (B) Patients with PD-L1≤CPS<10; (C) Patients with PD-L1 CPS ≥ 10. PFS, progression-free survival, PD, progressive disease; AEs,
adverse events; ICER, incremental cost-effectiveness ratio; INMB, incremental net monetary benefit.
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Discussion

According to the Global Burden of Disease (GBD) visualization

database, the number of patients diagnosed with esophageal cancer

in China grew from 254,169 in 1990 to 498,410 in 2019, accounting

for half of all cases worldwide (19). The tremendous rise in

morbidity and death has placed significant social and economic

strain on the Chinese healthcare system (20). According to certain

estimations, the total annual direct medical spending for esophageal

cancer in China will rise by 128.7% between 2013 and 2030 (from

33.4 billion US dollars to 76.4 billion US dollars) (21). Therefore, it

is urgent to conduct economic evaluations of drugs for esophageal

cancer to optimize the allocation of medical resources.

Immunotherapy has transformed the treatment of advanced

ESCC, and researchers have emphasized the benefits of PD-1/PD-

L1 inhibitors. Serplulimab combined with chemotherapy

significantly improved PFS and OS in PD-L1-positive advanced

ESCC patients, especially those with PD-L1 CPS ≥10. However, the

high cost of cancer medications may limit their broad usage. Given

the economic burden of advanced ESCC, determining the cost-

effectiveness of innovative therapies is a prerequisite to providing

patients with treatment alternatives.

This was the first cost-effectiveness analysis of serplulimab in

the first-line treatment for PD-L1-positive advanced ESCC patients

in China using a Markov model. Our base case results showed that

the ICER of serplulimab combined with chemotherapy was

$18,4674.25/QALY, which was higher than the WTP threshold.

Serplulimab combined with chemotherapy was a favorable option

compared to chemotherapy with a WTP threshold of $200,000/

QALY, and there was no such advantage at a WTP threshold of

$100,000/QALY. Therefore, serplulimab combined with

chemotherapy may not be a cost-effective option in China PD-

L1-positive advanced ESCC patients.
Frontiers in Oncology 07
Several studies have analyzed the cost-effectiveness of PD-1

inhibitors in advanced esophageal cancer. Nivolumab plus

ipilimumab or chemotherapy is not cost-effective as a first-line

treatment for advanced esophageal cancer in China (22). From an

economic perspective in China, the addition of pembrolizumab to

chemotherapy for esophageal cancer is not economical, regardless

of PD-L1 expression (23). However, a domestic monoclonal

antibody, sintilimab, in combination with chemotherapy has been

suggested to be a cost-effective option for Chinese advanced ESCC

patients, with two other studies reporting similar results (24, 25).

The main reason is that the price of these drugs has a great impact

on their ICERs. Sintilimab was added to the National

Reimbursement List of Drug Negotiation (NRDL) in 2019, thus

enhancing its affordability. The price of sintilimab has been reduced

by approximately 60% through negotiation.

As one of the countries with the least affordable anticancer

prices worldwide, China has made vital efforts to enhance

accessibil ity. One such commendable initiative is the

implementation of the National Reimbursement Drug List

(NRDL) policy. The prices of anticancer drugs, especially

innovation drugs, was decreased by government reimbursement

negotiation, thereby alleviating the national financial burden (26).

The number of anticancer drugs included in the NRDL has been

steadily increasing, resulting in improved patient access over the

past four years. It is anticipated that this reform will persist in the

future (27).

According to our model results, the cost of serplulimab

significantly influenced the ICERs. Thus, these conditions could

be ameliorated through charitable drug donations or price

negotiations. Additionally, a donation policy for serplulimab

currently exists. Patients who self-funded 600 mg of serplulimab

were eligible to request an additional 600 mg of serplulimab as free

assistance. Furthermore, if patients self-funded another 600 mg of
A B

C

FIGURE 5

The cost-effectiveness acceptability curves. (A) Patients with PD-L1 CPS ≥ 1; (B) Patients with PD-L1≤CPS<10; (C) Patients with PD-L1 CPS ≥ 10.
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serplulimab, they would continue to receive free medication until

disease progression. The total duration of assistance would not

exceed 2 years. According to the current drug donation policy, it

was discovered that the ICER was 96,535.81$/QALY, surpassing the

WTP threshold.

Our study, however, has some limitations. First, there is

uncertainty in estimating the utility of PFS and PD. The utility of

PFS and PD as a model parameter was determined from a recent

first-line treatment study of advanced ESCC. Second, we made

some assumptions when calculating the cost of second-line

treatment. We assumed that patients received chemotherapy or

immunotherapy alone. Radiation therapy, and other treatment

strategies were not taken into consideration. This may not be

consistent with actual clinical practice, which may underestimate

the costs. Thirdly, any model has inherent biases, and the Markov

model is no exception. We assumed that the ESCC patients were

homogeneous in terms of their characteristics and preferences in

the Markov model, which may deviate from the complex individual

situations in reality. Finally, the costs of treatment for AEs in this

study may have been underestimated, influencing the results.

However, sensitivity analyses revealed that the costs of AEs had

little effect on the ICERs.
Conclusion

In conclusion, this is the first economic analysis of the addition

of serplulimab to chemotherapy as a first-line treatment for PD-L1-

positive patients with advanced ESCC using a Markov model, which

presents evidence that can inform the development of relevant

medical insurance policies and clinical decision-making.
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