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Immune checkpoint inhibitors versus 
chemotherapy as second-line therapy 
for advanced oesophageal squamous 
cell carcinoma: a systematic review and 
economic evaluation
Shixian Liu, Lei Dou and Shunping Li

Abstract
Background: Recently, several novel programmed cell death protein 1 (PD-1) inhibitors 
have been approved for second-line treating advanced or metastatic oesophageal squamous 
cell carcinoma (OSCC), including camrelizumab, nivolumab, pembrolizumab, sintilimab and 
tislelizumab. However, the optimal treatment regimen remained ambiguous.
Objectives: The purpose of this study was to investigate the efficacy, safety and economy of 
available PD-1 inhibitors to determine the optimal treatment from the Chinese healthcare 
system perspective.
Design: A systematic review and economic evaluation.
Data sources and methods: A systematic review was undertaken utilizing PubMed, Web of 
Science, Cochrane Library, Embase and Scopus databases to identify eligible studies until 31 
August 2023. Primary outcomes were progression-free survival (PFS), overall survival (OS) 
and adverse events (AEs). We also developed a partitioned survival model at 3-week intervals 
based on five clinical trials to predict long-term costs, quality-adjusted life-years (QALYs) and 
incremental cost-effectiveness ratios for various treatment options. Direct medical costs and 
utility values were obtained from public drug bidding databases, clinical trials or published 
literature. The parameter uncertainties within the model were determined via one-way and 
probabilistic sensitivity analyses.
Results: Five randomized controlled trials involving 2837 patients were included in the 
analysis. Compared with other treatments examined, camrelizumab provided the best PFS 
benefits [hazard ratio (HR): 0.69, 95% confidence interval (CI): 0.56–0.86], and pembrolizumab 
provided the best OS benefits (HR: 0.55, 95% CI: 0.37–0.82). Nivolumab caused a relatively 
lower incidence of treatment-related AEs (HR: 0.10, 95% CI: 0.05–0.20) and grade 3–5 AEs 
(HR: 0.13, 95% CI: 0.08–0.21) than other immunotherapy regimens. In the economic evaluation, 
average 10-year costs ranged from $5,433.86 (chemotherapy) to $50,617.95 (nivolumab) 
and mean QALYs ranged from 0.55 (chemotherapy) to 0.82 (camrelizumab). Pembrolizumab 
was eliminated because of dominance. Of the remaining strategies, when the willingness-
to-pay thresholds were 1, 2 and 3 times GDP per capita in 2022, sintilimab, tislelizumab and 
camrelizumab were the most cost-effective treatment options, respectively.
Conclusion: Sintilimab might be the optimal treatment alternative for second-line therapy of 
advanced OSCC in China, followed by tislelizumab and camrelizumab.
Trial registration: This study has been registered on the PROSPERO database with the 
registration number CRD42023495204.
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Plain language summary 
Immune checkpoint inhibitors versus chemotherapy as second-line therapy for advanced 
esophageal squamous cell carcinoma: a systematic review and economic evaluation

Background: The purpose of this study was to investigate the efficacy, safety and economy of 
available PD-1 inhibitors to determine the optimal treatment from the Chinese healthcare 
system perspective. Methods: A systematic review was undertaken utilizing PubMed, Web 
of Science, Cochrane Library, Embase, and Scopus databases to identify eligible studies 
until August 31, 2023. Primary outcomes were progression-free survival (PFS), overall 
survival (OS), and adverse events (AEs). We also developed a partitioned survival model 
at 3-week intervals based on 5 clinical trials to predict long-term costs, quality-adjusted 
life-years (QALYs) and incremental cost-effectiveness ratios (ICERs) for various treatment 
options. Direct medical costs and utility values were obtained from public drug bidding 
database, clinical trials or published literatures. The parameter uncertainties within 
the model were determined via one-way and probabilistic sensitivity analyses. Results: 
Compared with other treatments examined, camrelizumab provided the best PFS benefits 
(HR: 0.69, 95% CI: 0.56-0.86), and pembrolizumab provided the best OS benefits (HR: 0.55, 
95% CI: 0.37-0.82). Nivolumab caused a relatively lower incidence of treatment-related 
AEs (HR: 0.10, 95% CI: 0.05-0.20) and grade 3-5 AEs (HR: 0.13, 95% CI: 0.08-0.21) than 
other immunotherapy regimens. In the economic evaluation, average 10-year costs ranged 
from $5,433.86 (chemotherapy) to $50,617.95 (nivolumab) and mean QALYs ranged from 
0.55 (chemotherapy) to 0.82 (camrelizumab). Pembrolizumab was eliminated because of 
dominance. Of the remaining strategies, when the willingness-to-pay thresholds were 1, 
2, and 3 times GDP per capita in 2022, sintilimab, tislelizumab, and camrelizumab were the 
most cost-effective treatment options, respectively. Conclusion: Sintilimab might be the 
optimal treatment alternative for second-line therapy of advanced ESCC in China, followed 
by tislelizumab and camrelizumab.

Keywords:  cost-effectiveness, oesophageal squamous cell carcinoma, immune checkpoint 
inhibitor, immunotherapy, meta-analysis, second-line therapy
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Introduction
Oesophageal cancer is the fifth most prevalent 
and the fourth deadliest digestive malignancy in 
China,1,2 where oesophageal squamous cell carci-
noma (OSCC) accounts for approximately 85% 
of all cases.3 Fluoropyrimidine or paclitaxel-based 
chemotherapy is considered the standard first-
line treatment regime for advanced or metastatic 
OSCC patients.4 However, effective treatment 
options were extremely limited for first-line resist-
ant or progressive patients, although docetaxel 
and irinotecan have been applied extensively in 
clinical practice.5 Patients were plagued by severe 
gastrointestinal, haematological and neurological 
toxicities and poor long-term survival.6 Therefore, 
ground-breaking therapeutic options became an 
urgent priority.

In recent years, several studies have demonstrated 
that programmed cell death protein 1 (PD-1) or 
programmed death-ligand 1 (PD-L1) inhibitors 
exhibit promising anti-tumour activity and man-
ageable safety profiles in the second-line treat-
ment of patients with advanced OSCC.7,8 As a 
result, camrelizumab, nivolumab, pembroli-
zumab, sintilimab and tislelizumab were approved 
by the National Medical Products Administration 
and recommended by the Guidelines of the 
Chinese Society of Clinical Oncology (CSCO)9 
based on ESCORT,10 ATTRACTION-3,11 
KEYNOTE-181,12 ORIENT-213 and 
RATIONALE-30214 clinical trials. Following 
successful government reimbursement negotia-
tions in 2021, camrelizumab has achieved cover-
age on the National Reimbursement Drug List 
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(NRDL) as the first PD-1 inhibitor for the treat-
ment of locally advanced or metastatic OSCC 
with disease progression or intolerability after 
prior first-line chemotherapy.15 The price reduc-
tion negotiated was an impressive 85.2%. 
Additionally, in 2023, tislelizumab was officially 
approved as the latest available health insurance-
reimbursed medication for second-line treatment 
of patients with OSCC.

Despite the impressive survival rates associated 
with immunotherapy, the corresponding eco-
nomic burden on patients and healthcare systems 
remains enormous.16 Meanwhile, there are no 
structured head-to-head clinical trials simultane-
ously comparing the superiority of multiple treat-
ment regimens, and no validated predictive 
molecular biomarkers to assist in choosing a rela-
tively superior treatment option.17 Accordingly, 
considering the extremely limited health budgets 
and rapidly growing pressures, decision-making 
based on health economic evaluations was war-
ranted.18 The available evidence suggested that 
toripalimab plus chemotherapy displayed the best 
overall survival (OS) advantages and camreli-
zumab plus chemotherapy showed the best pro-
gression-free survival (PFS) advantages in the 
first-line treatment of advanced OSCC.19 Our 
previous economic evaluation revealed that tori-
palimab plus chemotherapy compared with other 
PD-1 inhibitors combined with chemotherapy 
represented the preferred first-line treatment 
option at current prices and willingness-to-pay 
(WTP) thresholds in China.20 For second-line 
management, the intricate mechanisms of action 
for OSCC drugs have been extensively investi-
gated in several previous studies.21,22 There is a 
scarcity of comprehensive economic assessments 
related to second-line treatment options, which 
are currently confined solely to comparisons 
between immunotherapy and chemotherapy.23–25 
Consequently, conducting pertinent cost-effec-
tiveness analyses is imperative to properly address 
the dilemmas of policy formulation and clinical 
practice.26

Towards this end, the present study comprehen-
sively evaluated the efficacy and safety of all 
available immunotherapies for the second-line 
treatment of advanced OSCC according to  
the systematic review and network meta- 
analysis and assessed the cost-effectiveness of 
treatment regimens from the perspective of  
the Chinese healthcare system. Our evidence 

would contribute to clinical management and 
policy decision-making.

Methods
Present network meta-analysis and economic 
evaluation were performed in accordance with 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA)27 and 
the Consolidated Health Economic Evaluation 
Reporting Standards 2022 (CHEERS 2022) 
guideline,28 respectively (Supplemental Materials). 
This study was based on systematic reviews and 
modelling techniques, and it was deemed 
exempt from institutional review board approval.

Systematic reviews
Study strategy.  PubMed, Web of Science, 
Cochrane Library, Embase and Scopus were sys-
tematically searched from inception through 31 
August 2023 for relevant randomized controlled 
trials (RCTs). The search terms were as follows: 
immunotherapy, immune checkpoint inhibitor, 
PD-1, PD-L1, chemotherapy, camrelizumab, 
nivolumab, pembrolizumab, sintilimab, tisleli-
zumab, RCT, oesophageal squamous cell cancer. 
The detailed search strategy is represented in 
Supplemental Table S1. Furthermore, bibliogra-
phies of included studies and relevant reviews 
were also manually inspected to identify other  
eligible literature.

Selection criteria.  The study should meet the fol-
lowing inclusion criteria: (1) Patients were aged 
⩾18 with histologically or cytologically confirmed 
advanced or metastatic OSCC, progressed on 
previous first-line systemic treatment. (2) Phase 
II/III RCTs comparing the efficacy and safety of 
immunotherapy versus chemotherapy regimens. 
(3) RCTs that reported PFS, OS and treatment-
related adverse events (AEs). Exclusion criteria 
were as follows: (1) Abstracts, letters, case reports, 
reviews or meta-analyses. (2) Unavailability of 
data or full text.

Data extraction and quality assessment.  Two 
reviewers separately (SL and LD) deleted dupli-
cates, screened literature, extracted information 
and performed quality assessment. The primary 
information was extracted from each included 
publication: trial name, treatment regimens, 
patient characteristics and outcome indicators. 
Methodological quality was examined using the 
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Cochrane Collaboration’s risk of bias assessment 
tool categorized as low, some concerns and high.29

Statistical analysis.  PFS and OS were presented 
as hazard ratios (HRs) along with 95% confi-
dence intervals (CIs), while treatment-related 
AEs were expressed as odds ratios and 95% CIs. 
Heterogeneity across studies was calculated by 
Cochrane’s Q test and I2 statistic. I2 values >50% 
indicated substantial heterogeneity, the random-
effect models were utilized; otherwise, the fixed-
effect models were applied. We employed R 
software (version 4.2.2) (https://www.r-project.
org/) gemtc package to conduct Bayesian network 
meta-analyses, comparing treatment regimens 
simultaneously. A two-sided p < 0.05 suggested 
statistically significant.

Economic evaluation
Model structure.  Partitioned survival models 
have been extensively applied to reimbursement 
decisions for oncology drugs.30 Therefore, we 
constructed a partitioned survival model in which 
advanced OSCC patients transitioned among 
three mutually independent health states, namely 
PFS, progression disease and death (Figure 1). 
The cycle length was defined as 3 weeks, with a 
10-year time horizon, over which 99% of patients 
were predicted to die. We measured total costs, 
quality-adjusted life years (QALYs) and incre-
mental cost-effectiveness ratios (ICERs) between 
any two treatment regiments. A half-cycle correc-
tion was enforced to adjust the head-tail bias of 
cycles in the analysis. Meanwhile, a 5% annual 
discount rate was implemented for both costs and 
health outcomes in line with the ‘China Guide-
lines for Pharmacoeconomic Evaluations 2020’.31 
All costs were adjusted to US dollars (2022 
annual average exchange rate: $1 = ¥6.7261). 
Based on the recommendations of published 
studies, health interventions should be 

considered cost-effective if the ICERs were 
between 1 and 3 times the gross domestic product 
(GDP) per capita of that country.32–34 This thresh-
old has been widely used in cost-effectiveness 
studies within global health.35 In the present 
study, a range of WTP thresholds, ranging from 
$12,039.07 to $36,117.22, were employed to 
explore the probability that treatment alternatives 
would be the most cost-effective.

Clinical inputs.  We assessed six treatment strate-
gies: camrelizumab, nivolumab, pembrolizumab, 
sintilimab, tislelizumab and chemotherapy (Sup-
plemental Materials). Patients received one of six 
treatment options until disease progression or 
unacceptable toxicity. After progression, third-
line treatment will be initiated. The PFS and OS 
curves for patients administered with camreli-
zumab, nivolumab, pembrolizumab, sintilimab 
and tislelizumab were obtained directly from 
ESCORT,10 ATTRACTION-3,11,36 KEY-
NOTE-181,12,37 ORIENT-213 and RATIO-
NALE-30214 trials, respectively. To determine 
survival data for chemotherapy, the average of the 
above-mentioned clinical trials was calculated. 
Because the original individual patient data were 
not available, GetData Graph Digitizer 2.26 
(http://www.getdata-graph-digitizer.com/) was 
used to extract data points, and time-to-event 
data were obtained based on algorithms proposed 
by Guyot et al.38 Subsequently, the best-fit para-
metric survival models for reconstructed data 
were selected among Exponential, Weibull, Log-
logistic, Log-normal and Gompertz distributions, 
with clinical plausibility, visual inspection and sta-
tistical goodness-of-fit (Akaike information crite-
rion and Bayesian information criterion).39 More 
details concerning model fitting are presented in 
Supplemental Table 2 and Supplemental Figures 
1 and 2.

Cost and utility inputs.  We considered the costs of 
implementing each treatment from the perspec-
tive of the Chinese healthcare system, including 
drug acquisition costs, hospitalization expenses, 
laboratory testing costs, AEs management costs 
(for AEs ⩾3 grade and ⩾5% incidence), follow-
up costs, best supportive care and end-of-life 
costs. Drug costs were derived from the average 
bid-winning price announced by YAOZH (www.
yaozh.com) in 202340 (Supplemental Table 3). 
Other costs were estimated from published lit-
erature,20,25,41–44 and these costs were adjusted 
with the consumer price index related to health 

Figure 1.  The structure of the partitioned survival 
model.
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services. To calculate the dosages of chemothera-
pies, the default body weight of 65.0 kg and body 
surface area of 1.72 m2 were assumed for Chi-
nese patients.45 Health state utilities associated 
with OSCC were unavailable in the included tri-
als; thus, we used those from the RAINBOW 
trial considering their comparability.46 The disu-
tility values incurred for treatment-related AEs 
were obtained from the literature.42,47,48 All 
model parameters are provided in Table 1.

Sensitivity analyses.  One-way and probabilistic 
sensitivity analyses were performed to ascertain 
the robustness of the model. One-way sensitivity 
analyses, presented as tornado diagrams, were 
conducted for all parameters separately, with a 
variation range of 95% CI or ±20% of the base-
case value, to assess the influence of each param-
eter on ICER. To account for parametric 
uncertainty within the model, a second-order 
Monte Carlo simulation with 10,000 iterations 
was generated by simultaneously random sam-
pling from prespecified statistical distributions. 
Gamma distributions were used for costs, and 
beta distributions were used for probabilities, 
proportions and health state utilities.49 The results 
were represented by cost-effectiveness acceptabil-
ity curves (CEAC).

Results

Network meta-analysis
A total of 654 documents were accessed through 
database searches. After primary and secondary 
screening, 7 articles with 2837 trial participants 
from 5 RCTs were included for further analyses 
(Supplemental Figure 3 and Supplemental 
Table 4). The methodologic quality of the 
included RCTs was provided in Supplemental 
Figure 4. All RCTs exhibited a high risk of bias 
in terms of performance but the overall risk of 
bias remained within an acceptable range. The 
findings revealed a significant reduction in the 
risk of mortality with PD-1 inhibitors, while 
only camrelizumab exhibited superior PFS (HR: 
0.69, 95% CI: 0.56–0.86) compared to chemo-
therapy in patients with OSCC (Figure 2). In 
terms of safety, compared with chemotherapy, 
nivolumab, pembrolizumab, sintilimab and 
tislelizumab significantly reduced treatment-
related AEs and grade 3–5 treatment-related 
AEs (Figure 3).

Cost-effectiveness analysis
Base-case results.  The base-case results are out-
lined in Table 2. Compared with chemotherapy, 
sintilimab, tislelizumab, camrelizumab, pembroli-
zumab and nivolumab as second-line therapy for 
OSCC provided incremental costs of $505.46, 
$1937.58, $3616.87, $35,252.58 and $45,184.09, 
with additional QALYs of 0.11, 0.22, 0.27, 0.13 
and 0.26, respectively, resulting in ICERs of 
4724.46$/QALY, 8913.28$/QALY, 13,549.69$/
QALY, 269,654.18$/QALY and 170,710.46$/
QALY. In pairwise comparisons, sintilimab, tislel-
izumab and camrelizumab were considered as 
high-value treatment options when the WTP 
thresholds were 1, 2 and 3 times GDP per capita, 
respectively.

Sensitivity analysis results.  The results of one-way 
sensitivity analyses indicated that drug costs, util-
ity values, body surface area and discount rate 
were the most influential parameters within the 
model (Supplemental Figure 5). The parameters 
with the greatest impact on the economic evalua-
tion were the prices of PD-1 inhibitors. The  
best-case ICERs for sintilimab, tislelizumab, cam-
relizumab, pembrolizumab and nivolumab  
compared with chemotherapy were 637.85$/
QALY, 6112.83$/QALY, 10,016.38$/QALY, 
214,131.98$/QALY and 135,855.13$/QALY, 
respectively; while the worst-case ICERs were 
8,811.06$/QALY, 11,713.72$/QALY, 17,083.00$/
QALY, 325,176.37$/QALY and 205,565.78$/
QALY. Alterations in each parameter did not sig-
nificantly alter conclusions. At the WTP thresh-
olds of 1 and 3 times GDP per capita in China, the 
CEAC demonstrated approximately 0.22%, 
60.17%, 39.35% and 0.26%, and 0.00%, 0.00%, 
41.18% and 58.82% probabilities of chemother-
apy, sintilimab, tislelizumab and camrelizumab 
being the most cost-effective options, respectively. 
Nevertheless, pembrolizumab and nivolumab 
might not be the preferred options (Figure 4).

Discussion
Since 2020, substantial progress has been made 
in the second-line therapeutic landscape of 
advanced OSCC beginning with the publication 
of the ATTRACTION-3 trial.11 Since then, 
immunotherapy has re-established a new stand-
ard of care for treating advanced OSCC after pro-
gression from first-line therapy.9 This was the first 
study to synthetically appraise the efficacy, safety 
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Table 1.  Key model inputs.

Parameters Base case Minimum Maximum Distribution Source

Cost inputs ($)  

  Camrelizumab (200 mg) 383.08 306.46 459.70 Gamma 40

  Nivolumab (100 mg) 1375.24 1100.19 1650.29 Gamma 40

  Pembrolizumab (100 mg) 2663.95 2131.16 3196.74 Gamma 40

  Sintilimab (100 mg) 160.57 128.45 192.68 Gamma 40

  Tislelizumab (100 mg) 215.58 172.46 258.69 Gamma 40

  Paclitaxel (30 mg) 20.24 16.19 24.28 Gamma 40

  Docetaxel (20 mg) 33.86 27.09 40.64 Gamma 40

  Irinotecan (40 mg) 52.00 41.60 62.40 Gamma 40

  Hospitalization expense 11.60 9.28 13.92 Gamma Local estimate

  Routine follow-up cost 52.33 41.86 62.80 Gamma 41

 � Cost of laboratory tests and radiological 
examinations

357.34 285.87 428.81 Gamma 20

  Cost of best supportive care 182.23 145.78 218.68 Gamma 20

  Cost of end-of-life 1460.30 1168.24 1752.36 Gamma 44

  Management cost of anaemia 213.32 170.66 255.98 Gamma 43

  Management cost of leukopenia 495.74 396.59 594.89 Gamma 43

  Management cost of neutropenia 466.00 372.80 559.20 Gamma 25

  Management cost of febrile neutropenia 953.00 762.40 1143.60 Gamma 25

  Management cost of pneumonia 1640.00 1312.00 1968.00 Gamma 42

Utility values  

  Utility of PFS 0.75 0.60 0.90 Beta 46

  Utility of PD 0.60 0.48 0.72 Beta 46

  Disutility of anaemia 0.09 0.07 0.10 Beta 47

  Disutility of leukopenia 0.20 0.16 0.24 Beta 48

  Disutility of neutropenia 0.20 0.16 0.24 Beta 48

  Disutility of febrile neutropenia 0.42 0.33 0.50 Beta 48

  Disutility of pneumonia 0.05 0.04 0.06 Beta 42

Others  

  Discount rate (%) 5.00 0.00 8.00 Beta 31

  Patient weight (kg) 65.00 52.00 78.00 Gamma 45

  Body surface area (m2) 1.72 1.38 2.06 Gamma 45

PD, progressed disease; PFS, progression-free survival.
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Chemotherapy 0.69 (0.56, 0.86) 1.07 (0.87, 1.32) 0.84 (0.58, 1.24) 1.00 (0.72, 1.39) 0.83 (0.68, 1.02)

0.71 (0.57, 0.88) Camrelizumab 1.55 (1.14, 2.10) 1.22 (0.79, 1.90) 1.45 (0.97, 2.15) 1.20 (0.89, 1.62)

0.78 (0.63, 0.98) 1.10 (0.81, 1.49) Nivolumab 0.79 (0.51, 1.22) 0.93 (0.63, 1.38) 0.78 (0.58, 1.04)

0.55 (0.37, 0.82) 0.77 (0.49, 1.23) 0.70 (0.44, 1.12) Pembrolizumab 1.19 (0.72, 1.96) 0.99 (0.64, 1.52)

0.70 (0.50, 0.98) 0.99 (0.66, 1.46) 0.90 (0.60, 1.34) 1.27 (0.76, 2.15) Sintilimab 0.83 (0.57, 1.22)

0.72 (0.58, 0.89) 1.02 (0.75, 1.37) 0.92 (0.67, 1.25) 1.31 (0.83, 2.06) 1.03 (0.69, 1.53) Tislelizumab

Progression-free survival

Overall survival

Figure 2.  Hazard ratios and 95% CIs for progression-free survival (green) and overall survival (blue) of the 
Bayesian network meta-analyses.

Chemotherapy 1.86 (0.92, 3.91) 0.10 (0.05, 0.20) 0.29 (0.16, 0.51) 0.12 (0.05, 0.26) 0.18 (0.09, 0.32)

0.36 (0.24, 0.55) Camrelizumab 0.06 (0.02, 0.15) 0.15 (0.06, 0.39) 0.06 (0.02, 0.18) 0.10 (0.04, 0.24)

0.13 (0.08, 0.21) 0.37 (0.20, 0.68) Nivolumab 2.75 (1.13, 6.83) 1.12 (0.37, 3.21) 1.72 (0.70, 4.29)

0.31 (0.19, 0.50) 0.85 (0.44, 1.62) 2.32 (1.19, 4.52) Pembrolizumab 0.40 (0.14, 1.10) 0.63 (0.26, 1.46)

0.39 (0.20, 0.75) 1.07 (0.49, 2.36) 2.91 (1.32, 6.50) 1.26 (0.55, 2.86) Sintilimab 1.55 (0.56, 4.47)

0.18 (0.12, 0.27) 0.50 (0.28, 0.90) 1.37 (0.75, 2.49) 0.59 (0.31, 1.12) 0.46 (0.22, 1.02) Tislelizumab

Treatment-related adverse events

Grade 3–5 treatment-related adverse events

Figure 3.  Odds ratios and 95% CIs for treatment-related adverse events (TRAEs) (green) and grade 3–5 TRAEs 
(blue) of the Bayesian network meta-analyses.

Table 2.  Base-case results.

Strategy Costs QALYs ICER ($/QALY, pairwise comparison)*

Chemotherapy 5433.86 0.5504 Chemotherapy  

Sintilimab 5939.33 0.6574 4724.46 Sintilimab  

Tislelizumab 7371.44 0.7678 8913.28 12,972.94 Tislelizumab  

Camrelizumab 9050.74 0.8173 13,549.69 19,452.96 33,889.03 Camrelizumab  

Pembrolizumab 40,686.44 0.6811 269,654.18 1,463,422.39 Dominated Dominated Pembrolizumab

Nivolumab 50,617.95 0.8151 170,710.46 283,325.20 914,278.66 Dominated 74,143.38

*Other treatment regimes compared with treatment options in the first row.
ICER, incremental cost-effectiveness ratios; QALY, quality-adjusted life years.

and economy of all available second-line PD-1 
inhibitors in Chinese advanced OSCC patients. 
We adopted a healthcare system perspective in 
China and discovered that sintilimab emerged as 
the relatively superior treatment strategy, with the 
most optimal ICER in this trade-off. In addition, 
we also observed that at a WTP threshold of 1–3 
times GDP per capita apart from sintilimab, other 

PD-1 inhibitors such as tislelizumab and camreli-
zumab could also be candidates for optimal cost-
effective treatment regimes.

For efficacy and safety evaluations, the majority 
of existing studies have focused on the first-line 
treatment of advanced OSCC with PD-1 inhibi-
tors in combination with chemotherapy, while 
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comparatively less attention has been given to the 
second-line treatment. Neoadjuvant immune 
checkpoint inhibitors plus chemotherapy demon-
strated promising efficacy and safety in treating 
resectable oesophageal cancer and OSCC.7,50,51 
The best PFS was generated by sintilimab plus 
chemotherapy and camrelizumab plus chemo-
therapy, and the best OS was generated by tori-
palimab plus chemotherapy.19,52,53 The toxicity of 
first-line immunotherapy was manageable in 
OSCC patients.19,52,53 For second-line therapy, 
Gao et al.52 found that camrelizumab exhibited 
optimal PFS, which was consistent with the pre-
sent study. The present study utilized subgroup 
survival data specifically from Asian or Chinese 
populations, rendering the findings more applica-
ble to the characteristics of Chinese patients.

For economic evaluations, compared with 
imported PD-1 inhibitors, the domestically pro-
duced agents (camrelizumab, sintilimab and 
tislelizumab) displayed relatively superior cost-
effectiveness, which was similar to some extent 
from other published studies. Three studies con-
structed partitioned survival or Markov models to 
evaluate the cost-effectiveness of camrelizumab 
compared to second-line chemotherapy for 
advanced OSCC based on the ESCORT 
trial.24,54,55 These studies found that camreli-
zumab was cost-effective in China. Shi et al.23 
performed an economic evaluation of tislelizumab 
in second-line treatment for advanced OSCC 
from the Chinese healthcare payers’ perspective 
and estimated an ICER of $11,073.85 per QALY 
gained. These findings were consistent with our 
study, although the input parameters in these 

studies were slightly different from ours. 
Sintilimab was also a potentially valuable immu-
notherapy, while clinicians and policymakers 
were uncertain about its cost-effectiveness as a 
second-line treatment for advanced OSCC.13 
Our economic evaluation provides comprehen-
sive evidence for future policy decision-making, 
particularly in scenarios where multiple treatment 
options are available and no biomarkers exist to 
guide the selection of the preferred option.

In recent years, China has witnessed a dedicated 
endeavour to enhance the availability and afford-
ability of innovative cancer medications.56 The 
National Medical Products Administration has 
introduced numerous favourable policies to 
accelerate the development, review and approval 
of promising anti-cancer drugs.57 Based on rigor-
ous cost-effectiveness and budget impact analy-
ses, an increasing number of innovative medicines 
were successfully incorporated into the NRDL 
through meticulous price negotiations.15 Drug 
prices have been reduced by half.56 Camrelizumab, 
sintilimab and tislelizumab produced more 
favourable cost-effectiveness primarily attributed 
to price-negotiation mechanisms.15 Considering 
imported PD-1 inhibitors, previous studies have 
shown that nivolumab and pembrolizumab might 
not exhibit cost-effectiveness relative to chemo-
therapy as second-line treatments for advanced 
OSCC patients from the perspective of Chinese 
society, aligning analogously to the findings of 
the current study.25,58 Nivolumab and pembroli-
zumab were also unaffordable in other countries, 
including the United States and Japan.59 
Kashiwa47 developed a partitioned survival model 
from the Japanese National Health Insurance 
payer perspective to forecast costs and outcomes 
associated with first-line and second-line 
nivolumab therapy for advanced oesophageal 
cancer. This study found that nivolumab could 
be recommended as first-line treatment in com-
bination with chemotherapy but not as second-
line monotherapy.47 Hu et al.60 demonstrated 
that, from a third-party public healthcare payer 
perspective in the United States, pembroli-
zumab was not an economically advantageous 
scheme in patients with PD-L1 combined posi-
tive score (CPS) ⩽10 OSCC or oesophageal 
adenocarcinoma.

Tumour-cell PD-L1 expression was significantly 
enriched in OSCC, with approximately 50% of 
advanced disease patients exhibiting detectable 

Figure 4.  Cost-effectiveness acceptability curves 
indicating the probability of each treatment regimen 
being cost-effective as second-line therapy for 
advanced oesophageal squamous cell carcinoma at 
various willingness-to-pay thresholds in China.
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expression levels of 1% or higher.61,62 Second-line 
treatment with PD-1 inhibitors exhibited longer 
OS in advanced OSCC patients with high PD-L1 
expression in clinical trials.10–14 Published eco-
nomic evaluations have also demonstrated that 
pembrolizumab resulted in superior cost-effec-
tiveness in advance oesophageal carcinoma 
patients with a PD-L1 CPS ⩾ 10 compared to the 
total intention-to-treat population.58,60 The most 
extensively validated predictive biomarker for 
sensitivity to immune checkpoint inhibitors is 
PD-L1 expression, as measured by either the 
CPS or tumour proportion score.17 Because sub-
stantial variations in the identification and defini-
tion of PD-L1-positive patients across clinical 
trials, and the corresponding Kaplan–Meier 
curves were not reported.10–14 On this basis, eco-
nomic evaluations associated with different 
PD-L1 expression levels were not explored in the 
current study. Although our assessments sug-
gested that sintilimab was the optimal regimen for 
all advanced OSCC, it might not be advisable to 
adopt a cost-effective drug for patients with vary-
ing levels of PD-L1 expression.63 Therefore, sub-
group analyses based on long-term follow-up or 
real-world data are needed to better tailor appro-
priate treatments with regard to individual patient 
characteristics.

There are some limitations in our study. First, 
we conducted efficacy and safety evaluations  
by Bayesian network meta-analyses due to  
the absence of head-to-head clinical trials. 
Considering survival data that violated the pro-
portional hazard assumption, the economic eval-
uation was performed by incorporating naive 
indirect comparisons. Second, since the CSCO 
guidelines did not specifically recommend third-
line treatment, we presumed that best supportive 
care predominantly constituted subsequent ther-
apeutic interventions, potentially deviating from 
realistic diagnostic and therapeutic decision-mak-
ing. Third, we primarily focused on the costs and 
disutility values associated with treatment-related 
AEs of grade ⩾3 and incidence ⩾5%, while inad-
vertently neglecting grade 1–2 AEs, which might 
underestimate the overall costs of each treatment 
option. Fourth, as health state utility values were 
not reported in the included clinical trials, we 
obtained the relevant baseline data from the 
RAINBOW trial; however, it should be noted 
that these data did not specifically pertain to 
Chinese populations. Future economic evalua-
tions should be further carried out based on 

original data of Chinese patients, to provide more 
precise evidence for clinical and policy 
decision-making.

Conclusion
The findings of this Bayesian network meta-anal-
yses and economic evaluations indicated that 
novel PD-1 inhibitors provided significant OS 
over chemotherapy alone as a second-line treat-
ment of advanced OSCC patients. Among five 
immunotherapies, sintilimab was the optimal 
treatment option, followed by tislelizumab and 
camrelizumab from the Chinese healthcare sys-
tem’s perspective.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors participated in this study and approved 
the final version.

Author contributions
Shixian Liu: Data curation; Formal analysis; 
Software; Writing – original draft.

Lei Dou: Data curation; Formal analysis; 
Software; Writing – review & editing.

Shunping Li: Supervision; Validation; Writing 
– original draft.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
All datasets for this study are included in the arti-
cle and supplemental material.

ORCID iD
Shunping Li  https://orcid.org/0000-0001- 
8144-6220

https://journals.sagepub.com/home/tag
https://orcid.org/0000-0001-8144-6220
https://orcid.org/0000-0001-8144-6220


Volume 17

10	 journals.sagepub.com/home/tag

Therapeutic Advances in 
Gastroenterology

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Sung H, Ferlay J, Siegel RL, et al. Global cancer 

statistics 2020: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin 2021; 71: 
209–249.

	 2.	 Zheng R, Zhang S, Zeng H, et al. Cancer 
incidence and mortality in China, 2016. J Natl 
Cancer Center 2022; 2: 1–9.

	 3.	 Arnold M, Ferlay J, van Berge Henegouwen MI, 
et al. Global burden of oesophageal and gastric 
cancer by histology and subsite in 2018. Gut 
2020; 69: 1564–1571.

	 4.	 Muro K, Lordick F, Tsushima T, et al. Pan-Asian 
adapted ESMO Clinical Practice Guidelines 
for the management of patients with metastatic 
oesophageal cancer: a JSMO-ESMO initiative 
endorsed by CSCO, KSMO, MOS, SSO and 
TOS. Ann Oncol 2019; 30: 34–43.

	 5.	 Ilson DH and van Hillegersberg R. Management 
of patients with adenocarcinoma or squamous 
cancer of the esophagus. Gastroenterology 2018; 
154: 437–451.

	 6.	 Muro K, Hamaguchi T, Ohtsu A, et al. A phase 
II study of single-agent docetaxel in patients with 
metastatic esophageal cancer. Ann Oncol 2004; 
15: 955–959.

	 7.	 Ge F, Huo Z, Cai X, et al. Evaluation of 
clinical and safety outcomes of neoadjuvant 
immunotherapy combined with chemotherapy 
for patients with resectable esophageal cancer: a 
systematic review and meta-analysis. JAMA Netw 
Open 2022; 5: e2239778.

	 8.	 Luo Y, Yao Y, Wu P, et al. Profile of treatment-
related adverse events of PD-1 blockade-based 
therapies in advanced esophageal cancer: a 
systematic review and meta-analysis. Crit Rev 
Oncol Hematol 2023; 183: 103922.

	 9.	 CSCO. Guidelines of Chinese Society of Clinical 
Oncology (CSCO) esophageal cancer. Beijing: 
People’s Medical Publishing House, 2022.

	10.	 Huang J, Xu J, Chen Y, et al. Camrelizumab 
versus investigator’s choice of chemotherapy as 
second-line therapy for advanced or metastatic 
oesophageal squamous cell carcinoma (ESCORT): 
a multicentre, randomised, open-label, phase 3 
study. Lancet Oncol 2020; 21: 832–842.

	11.	 Kato K, Cho BC, Takahashi M, et al. Nivolumab 
versus chemotherapy in patients with advanced 
oesophageal squamous cell carcinoma refractory 
or intolerant to previous chemotherapy 
(ATTRACTION-3): a multicentre, randomised, 
open-label, phase 3 trial. Lancet Oncol 2019; 20: 
1506–1517.

	12.	 Kojima T, Shah MA, Muro K, et al. 
Randomized phase III KEYNOTE-181 study of 
pembrolizumab versus chemotherapy in advanced 
esophageal cancer. J Clin Oncol 2020; 38: 
4138–4148.

	13.	 Xu J, Li Y, Fan Q, et al. Clinical and biomarker 
analyses of sintilimab versus chemotherapy 
as second-line therapy for advanced or 
metastatic esophageal squamous cell carcinoma: 
a randomized, open-label phase 2 study 
(ORIENT-2). Nat Commun 2022; 13: 857.

	14.	 Shen L, Kato K, Kim SB, et al. Tislelizumab 
versus chemotherapy as second-line treatment for 
advanced or metastatic esophageal squamous cell 
carcinoma (RATIONALE-302): a randomized 
phase III study. J Clin Oncol 2022; 40: 3065–
3076.

	15.	 Zhang Y, Wei Y, Li H, et al. Prices and clinical 
benefit of national price-negotiated anticancer 
medicines in China. Pharmacoeconomics 2022; 40: 
715–724.

	16.	 Dolgin E. Bringing down the cost of cancer 
treatment. Nature 2018; 555: S26–S29.

	17.	 Yap DWT, Leone AG, Wong NZH, et al. 
Effectiveness of immune checkpoint inhibitors in 
patients with advanced esophageal squamous cell 
carcinoma: a meta-analysis including low PD-L1 
subgroups. JAMA Oncol 2023; 9: 215–224.

	18.	 Shih YC and Halpern MT. Economic evaluations 
of medical care interventions for cancer patients: 
how, why, and what does it mean? CA Cancer J 
Clin 2008; 58: 231–244.

	19.	 Gao Z, Huang S, Wang S, et al. Efficacy and 
safety of immunochemotherapy, immunotherapy, 
chemotherapy, and targeted therapy as first-line 
treatment for advanced and metastatic esophageal 
cancer: a systematic review and network meta-
analysis. Lancet Reg Health West Pac 2023; 38: 
100841.

	20.	 Liu S, Dou L and Li S. Cost-effectiveness 
analysis of PD-1 inhibitors combined with 
chemotherapy as first-line therapy for advanced 
esophageal squamous-cell carcinoma in China. 
Front Pharmacol 2023; 14: 1055727.

	21.	 Zhu X, Shanzhou Q, Li D, et al. PD-1 inhibitors 
versus chemotherapy as second-line treatment for 

https://journals.sagepub.com/home/tag


S Liu, L Dou et al.

journals.sagepub.com/home/tag	 11

advanced esophageal squamous cell carcinoma: a 
meta-analysis. BMC Cancer 2021; 21: 1195.

	22.	 Jin Z and Zhao M. Efficacy and safety profile 
of PD-1 inhibitors versus chemotherapy in the 
second-line treatment of advanced esophageal 
squamous cell carcinoma: a systematic review and 
meta-analysis of randomized controlled trials. J 
Immunother 2023; 46: 262–270.

	23.	 Shi F, He Z, Su H, et al. Economic evaluation of 
tislelizumab versus chemotherapy as second-line 
treatment for advanced or metastatic esophageal 
squamous cell carcinoma in China. Front 
Pharmacol 2022; 13: 961347.

	24.	 Cai H, Xu B, Li N, et al. Cost-effectiveness 
analysis of camrelizumab versus chemotherapy as 
second-line treatment of advanced or metastatic 
esophageal squamous cell carcinoma. Front 
Pharmacol 2021; 12: 732912.

	25.	 Zhang PF, Xie D and Li Q. Cost-effectiveness 
analysis of nivolumab in the second-line 
treatment for advanced esophageal squamous cell 
carcinoma. Future Oncol 2020; 16: 1189–1198.

	26.	 Hoffmann C, Stoykova BA, Nixon J, et al. Do 
health-care decision makers find economic 
evaluations useful? The findings of focus group 
research in UK health authorities. Value Health 
2002; 5: 71–78.

	27.	 Hutton B, Salanti G, Caldwell DM, et al. The 
PRISMA extension statement for reporting of 
systematic reviews incorporating network meta-
analyses of health care interventions: checklist 
and explanations. Ann Intern Med 2015; 162: 
777–784.

	28.	 Husereau D, Drummond M, Augustovski F, 
et al. Consolidated Health Economic Evaluation 
Reporting Standards 2022 (CHEERS 2022) 
statement: updated reporting guidance for health 
economic evaluations. BMJ 2022; 376: e067975.

	29.	 Higgins JP, Altman DG, Gøtzsche PC, et al. The 
Cochrane Collaboration’s tool for assessing risk 
of bias in randomised trials. BMJ 2011; 343: 
d5928.

	30.	 Woods BS, Sideris E, Palmer S, et al. Partitioned 
survival and state transition models for healthcare 
decision making in oncology: where are we now? 
Value Health 2020; 23: 1613–1621.

	31.	 Liu G, Hu S, Wu J, et al. China guidelines for 
pharmacoeconomic evaluations (2020). Beijing: 
China Market Press, 2020.

	32.	 Marseille E, Larson B, Kazi DS, et al. Thresholds 
for the cost-effectiveness of interventions: 
alternative approaches. Bull World Health Organ 
2015; 93: 118–124.

	33.	 Thokala P, Ochalek J, Leech AA, et al. Cost-
effectiveness thresholds: the past, the present and 
the future. Pharmacoeconomics 2018; 36: 509–522.

	34.	 Woods B, Revill P, Sculpher M, et al. Country-
level cost-effectiveness thresholds: initial 
estimates and the need for further research. Value 
Health 2016; 19: 929–935.

	35.	 Tzanetakos C and Gourzoulidis G. Does a 
standard cost-effectiveness threshold exist? The 
case of Greece. Value Health Reg Issues 2023; 36: 
18–26.

	36.	 Okada M, Kato K, Cho BC, et al. Three-year 
follow-up and response-survival relationship of 
nivolumab in previously treated patients with 
advanced esophageal squamous cell carcinoma 
(ATTRACTION-3). Clin Cancer Res 2022; 28: 
3277–3286.

	37.	 Cao Y, Qin S, Luo S, et al. Pembrolizumab 
versus chemotherapy for patients with esophageal 
squamous cell carcinoma enrolled in the 
randomized KEYNOTE-181 trial in Asia. ESMO 
Open 2022; 7: 100341.

	38.	 Guyot P, Ades AE, Ouwens MJ, et al. Enhanced 
secondary analysis of survival data: reconstructing 
the data from published Kaplan-Meier survival 
curves. BMC Med Res Methodol 2012; 12: 9.

	39.	 Latimer NR. Survival analysis for economic 
evaluations alongside clinical trials – extrapolation 
with patient-level data: inconsistencies, 
limitations, and a practical guide. Med Decis 
Making 2013; 33: 743–754.

	40.	 YaoZH. The big data service platform for China’s 
health industry: Information Query of Drug Bid 
Winning, https://data.yaozh.com/ (2023, accessed 
11 July 2023).

	41.	 Cao X, Cai H, Li N, et al. First-line nivolumab 
plus ipilimumab or chemotherapy versus 
chemotherapy alone for advanced esophageal 
cancer: a cost-effectiveness analysis. Ther Adv 
Med Oncol 2022; 14: 17588359221122733.

	42.	 Shao T, Zhao M and Tang W. Cost-effectiveness 
analysis of sintilimab vs. placebo in combination 
with chemotherapy as first-line therapy for local 
advanced or metastatic oesophageal squamous 
cell carcinoma. Front Oncol 2022; 12: 953671.

	43.	 Xu K, Wu H, Zhou C, et al. Cost-effectiveness 
of toripalimab plus chemotherapy for advanced 
esophageal squamous cell carcinoma. Int J Clin 
Pharm 2023; 45: 641–649.

	44.	 Wu B, Li T, Cai J, et al. Cost-effectiveness 
analysis of adjuvant chemotherapies in patients 
presenting with gastric cancer after D2 
gastrectomy. BMC Cancer 2014; 14: 984.

https://journals.sagepub.com/home/tag
https://data.yaozh.com/


Volume 17

12	 journals.sagepub.com/home/tag

Therapeutic Advances in 
Gastroenterology

	45.	 Liu S, Jiang N, Dou L, et al. Cost-effectiveness 
analysis of serplulimab plus chemotherapy in the 
first-line treatment for PD-L1-positive esophageal 
squamous cell carcinoma in China. Front Immunol 
2023; 14: 1172242.

	46.	 Wilke H, Muro K, Van Cutsem E, et al. 
Ramucirumab plus paclitaxel versus placebo 
plus paclitaxel in patients with previously treated 
advanced gastric or gastro-oesophageal junction 
adenocarcinoma (RAINBOW): a double-blind, 
randomised phase 3 trial. Lancet Oncol 2014; 15: 
1224–1235.

	47.	 Kashiwa M. Comparative cost-effectiveness of 
nivolumab first-line and second-line therapy 
for advanced esophageal cancer in Japan. Eur J 
Health Econ. Epub ahead of print 1 June 2023. 
DOI: 10.1007/s10198-023-01602-w.

	48.	 Nafees B, Lloyd AJ, Dewilde S, et al. Health 
state utilities in non-small cell lung cancer: an 
international study. Asia Pac J Clin Oncol 2017; 
13: e195–e203.

	49.	 Briggs AH, Weinstein MC, Fenwick EA, et al. 
Model parameter estimation and uncertainty 
analysis: a report of the ISPOR-SMDM 
Modeling Good Research Practices Task Force 
Working Group-6. Med Decis Making 2012; 32: 
722–732.

	50.	 Wang Z, Shao C, Wang Y, et al. Efficacy 
and safety of neoadjuvant immunotherapy 
in surgically resectable esophageal cancer: a 
systematic review and meta-analysis. Int J Surg 
2022; 104: 106767.

	51.	 Xu J, Cai Y, Hong Z, et al. Comparison of 
efficacy and safety between neoadjuvant 
chemotherapy and neoadjuvant immune 
checkpoint inhibitors combined with 
chemotherapy for locally advanced esophageal 
squamous cell carcinoma: a systematic review 
and meta-analysis. Int J Surg 2024; 110: 
490–506.

	52.	 Gao TT, Shan JH, Yang YX, et al. Comparative 
efficacy and safety of immunotherapy for 
patients with advanced or metastatic esophageal 
squamous cell carcinoma: a systematic review and 
network meta-analysis. BMC Cancer 2022; 22: 
992.

	53.	 Li ZC, Sun YT, Lai MY, et al. Efficacy and safety 
of PD-1 inhibitors combined with chemotherapy 
as first-line therapy for advanced esophageal 
cancer: a systematic review and network meta-
analysis. Int Immunopharmacol 2022; 109: 
108790.

	54.	 Li L, Liu X, Huang J, et al. Cost-effectiveness 
of camrelizumab versus chemotherapy for the 
treatment of advanced or metastatic esophageal 
squamous cell carcinoma. J Gastrointest Oncol 
2022; 13: 40–48.

	55.	 Lin YT, Chen Y, Liu TX, et al. Cost-
effectiveness analysis of camrelizumab 
immunotherapy versus docetaxel or irinotecan 
chemotherapy as second-line therapy for 
advanced or metastatic esophageal squamous cell 
carcinoma. Cancer Manag Res 2021; 13: 8219–
8230.

	56.	 Yang Y, Zhang Y, Wagner AK, et al. The impact 
of government reimbursement negotiation on 
targeted anticancer medicines use and cost in 
China: a cohort study based on national health 
insurance data. J Glob Health 2023; 13: 04083.

	57.	 Zhang Y, Naci H, Wagner AK, et al. Overall 
survival benefits of cancer drugs approved in 
China from 2005 to 2020. JAMA Netw Open 
2022; 5: e2225973.

	58.	 Zhan M, Xu T, Zheng H, et al. Cost-effectiveness 
analysis of pembrolizumab in patients with 
advanced esophageal cancer based on the 
KEYNOTE-181 study. Front Public Health 2022; 
10: 790225.

	59.	 Malmberg R, Zietse M, Dumoulin DW, et al. 
Alternative dosing strategies for immune 
checkpoint inhibitors to improve cost-
effectiveness: a special focus on nivolumab 
and pembrolizumab. Lancet Oncol 2022; 23: 
e552–e561.

	60.	 Hu J, Ye Z, Xu Z, et al. Cost-effectiveness 
analysis of pembrolizumab vs. chemotherapy as 
second-line treatment for advanced esophageal 
carcinoma in the United States. Front Public 
Health 2022; 10: 941738.

	61.	 Doki Y, Ajani JA, Kato K, et al. Nivolumab 
combination therapy in advanced esophageal 
squamous-cell carcinoma. N Engl J Med 2022; 
386: 449–462.

	62.	 Salem ME, Puccini A, Xiu J, et al. Comparative 
molecular analyses of esophageal squamous cell 
carcinoma, esophageal adenocarcinoma, and 
gastric adenocarcinoma. Oncologist 2018; 23: 
1319–1327.

	63.	 Shao T, Zhao M, Liang L, et al. Serplulimab plus 
chemotherapy vs chemotherapy for treatment 
of US and Chinese patients with extensive-
stage small-cell lung cancer: a cost-effectiveness 
analysis to inform drug pricing. BioDrugs 2023; 
37: 421–432.

Visit Sage journals online 
journals.sagepub.com/
home/tag

 Sage journals

https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

