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Purpose: Blockade of the PD-L1/PD-1 pathway combined with chemotherapy has demonstrated significant survival benefits as 
first-line therapy for esophageal squamous cell carcinoma (ESCC). However, comprehensive benefit-risk comparisons among 
approved agents remain limited. This study conducted an indirect comparison of serplulimab versus other anti-PD-1/PD-L1 antibodies 
plus chemotherapy in treatment-naïve ESCC patients.
Patients and Methods: A systematic review with matching-adjusted indirect comparisons (MAICs) was conducted using individual 
patient data (IPD) from ASTRUM-007 and aggregate data (AgD) from seven comparator trials, including CheckMate 648, ESCORT- 
1st, GEMSTONE-304, JUPITER-06, KEYNOTE-590, ORIENT-15, and RATIONALE-306. IPD were reweighted to match key 
baseline characteristics. Hazard ratios (HRs) for overall survival (OS) and progression-free survival (PFS) were estimated using the 
Bucher method. Subgroup analyses were further explored using Bayesian network meta-analysis.
Results: Eight Phase 3 randomized controlled trials comprising 4,702 patients were included. After adjusting for baseline imbalances, 
serplulimab demonstrated comparable efficacy to other PD-1/PD-L1 inhibitors. The pooled adjusted OS HR was 0.98 (95% CI, 
0.87–1.11), with numerically favorable OS versus nivolumab (HR, 0.76; 95% CI 0.47–1.24) and comparable OS versus pembrolizu
mab (HR, 0.93; 95% CI, 0.71–1.22) and camrelizumab (HR, 0.93; 95% CI, 0.70–1.24). The pooled adjusted PFS HR was 0.91 (95% 
CI, 0.81–1.02), significantly favoring serplulimab over nivolumab (HR, 0.56; 95% CI, 0.33–0.96), with favorable trends versus 
pembrolizumab (HR, 0.83; 95% CI, 0.63–1.10) and sugemalimab (HR, 0.86; 95% CI, 0.63–1.16). Subgroup analyses suggested greater 
relative benefit in women and patients with locally advanced disease. Grade 3–5 treatment-related adverse events occurred in 52.9% of 
serplulimab-treated patients, comparable to other PD-1/PD-L1 inhibitors (range, 47.4%-71.9%).
Conclusion: This indirect comparison provides comparative benefit-risk evidence to inform first-line treatment selection for locally 
advanced or metastatic ESCC. Serplulimab plus chemotherapy demonstrated a clinically meaningful PFS benefit, comparable OS after 
matching, and a manageable safety profile consistent with the PD-1/PD-L1 inhibitor class.
Keywords: matching-adjusted indirect comparison, immune checkpoint inhibitor, esophageal neoplasms, benefit-risk assessment, 
first-line therapy

Introduction
Esophageal cancer remains a major cause of cancer-related morbidity and mortality worldwide, ranking seventh in 
incidence and sixth in mortality in 2020.1 Histologically, the disease is predominantly divided into esophageal squamous 
cell carcinoma (ESCC) and esophageal adenocarcinoma, with ESCC constituting the majority of cases at approximately 
84% of all diagnoses.2 For patients with advanced or metastatic ESCC, first-line systemic therapy typically consists of 
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platinum-based chemotherapy (cisplatin or oxaliplatin) combined with either a fluoropyrimidine or paclitaxel.3 However, 
clinical outcomes with these regimens remain suboptimal, with median overall survival (OS) rarely exceeding 10 
months,4,5 underscoring the urgent need for more effective therapeutic strategies with acceptable safety profiles.

Recent progress in immuno-oncology has substantially reshaped the therapeutic paradigm for ESCC. In particular, 
immune checkpoint inhibitors (ICIs) directed against the programmed cell death protein 1 (PD-1) and its ligand PD-L1 
have demonstrated meaningful clinical activity across multiple malignancies, including ESCC.6 Accumulating evidence 
from confirmatory clinical trials has further confirmed the clinical benefit of ICI-based combination strategies. One of the 
preferred first-line treatments for advanced ESCC is chemoimmunotherapy, consisting of platinum-based chemotherapy 
administered in combination with anti-PD-1/PD-L1 agents such as pembrolizumab and nivolumab, followed by con
tinuation of anti-PD-1/PD-L1 agents as monotherapy maintenance.7,8

Serplulimab, a recombinant humanized anti-PD-1 IgG4 monoclonal antibody (mAb), was approved by the National 
Medical Products Administration (NMPA) of China for the first-line treatment of adult patients with ESCC in combina
tion with chemotherapy based on the pivotal ASTRUM-007 trial. In this phase 3 study, serplulimab plus chemotherapy 
significantly improved overall survival versus placebo plus chemotherapy in patients with PD-L1 positive ESCC (median 
OS, 15.3 months vs 11.8 months; hazard ratio [HR] 0.68 [95% confidence interval (CI): 0.53–0.87]; p = 0.0020) at 
a median follow-up of approximately 15 months.9

Consistent with regulatory frameworks for benefit-risk assessment, a comprehensive understanding of the relative 
benefit-risk profiles of available treatment options is essential for informed clinical decision-making. Despite the 
demonstrated efficacy of individual anti-PD-1/PD-L1 agents in the first-line treatment of ESCC, direct comparative 
evidence from head-to-head randomized clinical trials is lacking,7–13 precluding robust comparative benefit-risk assess
ments among these therapies. To address this evidence gap, we conducted a series of matching-adjusted indirect 
comparisons (MAICs) to evaluate the comparative efficacy and safety of serplulimab versus other anti-PD-1/PD-L1 
agents plus chemotherapy in patients with ESCC. This systematic benefit-risk assessment aims to inform evidence-based 
treatment selection in the first-line management of advanced or metastatic ESCC.

Materials and Methods
Study Population and Established Evidence
Individual patient -level data (IPD) from the phase 3 ASTRUM-007 trial (ClinicalTrials.gov identifier: NCT03958890) 
served as the primary dataset for evaluating the comparative efficacy of serplulimab. In ASTRUM-007, a total of 551 
eligible patients were randomized (2:1) to receive serplulimab or placebo in combination with chemotherapy. Eligible 
patients were aged 18–75 years with previously untreated, histologically confirmed, inoperable locally advanced or 
metastatic, PD-L1-positive (combined positive score [CPS] ≥1) ESCC, at least one measurable lesion per Response 
Evaluation Criteria in Solid Tumors (RECIST) v1.1 criteria based on central imaging review, adequate organ function, 
and Eastern Cooperative Oncology Group (ECOG) performance status 0–1. Additional study design details have been 
published previously.9

Phase 3 randomized clinical trials of seven anti-PD-1/PD-L1 antibodies were identified from the primary literature to 
serve as comparators. Eligible trials met the following criteria: 1) locally advanced or metastatic ESCC, 2) an anti-PD-(L) 
1 antibody plus platinum-based chemotherapy versus placebo plus platinum-based chemotherapy as first-line therapy. In 
addition, enrolled subjects were required to be aged ≥18 years, have ECOG performance status 0–1, and have received no 
prior systemic therapy for ESCC. Trials were further required to report OS outcomes with over 15 months of follow-up, 
and to have ≥50% of the protocol-specified PFS and OS events observed.

After applying the above criteria, CheckMate 648,7 ESCORT-1st,12 GEMSTONE-304,11 JUPITER-06,13 KEYNOTE- 
590,8 RATIONALE-306,10 and ORIENT-1514 were selected for comparison; key study characteristics and results are 
summarized in Table 1. Overall, eligibility criteria were broadly comparable across the included phase 3 trials.
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Table 1 Summary of Key Characteristics and Data Across Eight Studies Included in the Indirect Comparison Analysis

Trial Year Regulatory 
Approvala

Agents Regimen N OS PFS TRAE 
Grade ≥3, 
No./Total (%)

Median, 
Months

HR 
(95% CI)

Median, 
Months

HR 
(95% CI)

ASTRUM-007b 2023 CN PD-1 Serplulimab + CF 368 14.8 0.70 6.5 0.58 202/382 (52.9)

CF 183 11.2 (0.57–0.86) 5.3 (0.47–0.72) 82/168 (48.8)

CheckMate 648 2022 US, EU, CN, JP PD-L1 Nivolumab + CF 321 13.2 0.74 5.8 0.81 147/310 (47.4)

CF 324 10.7 (0.64–0.86) 5.6 (0.67–0.99) 108/304 (35.5)

ESCORT-1st 2024 CN PD-L1 Camrelizumab + TP 298 15.6 0.70 7.6 0.54 189/298 (63.4)

TP 298 12.6 (0.58–0.84) 5.8 (0.45–0.65) 201/297 (67.7)

GEMSTONE-304 2024 CN PD-L1 Sugemalimab + CF 358 15.3 0.70 6.2 0.67 181/353 (51.3)

CF 182 11.5 (0.55–0.90) 5.4 (0.54–0.82) 88/182 (48.4)

JUPITER-06 2022 EU, CN PD-1 Toripalimab + TP 257 17.0 0.58 5.7 0.58 166/257 (64.6)

TP 257 11.0 (0.43–0.78) 5.5 (0.46–0.74) 144/257 (56.0)

KEYNOTE-590 2021 US, EU, CN, JP PD-1 Pembrolizumab + CF 274 12.6 0.72 6.3 0.65 266/370 (71.9)

CF 274 9.8 (0.60–0.88) 5.8 (0.54–0.78) 250/370 (67.6)

ORIENT-15 2022 CN PD-1 Sintilimab + TP/CF 327 16.7 0.63 7.2 0.56 196/327 (59.9)

TP/CF 332 12.5 (0.51–0.78) 5.7 (0.46–0.68) 181/332 (54.5)

RATIONALE-306 2023 US, EU, CN PD-1 Tislelizumab + TP/CF 326 17.2 0.66 8.4 0.60 216/324 (66.7)

TP/CF 323 10.6 (0.54–0.80) 5.7 (0.49–0.74) 207/321 (64.5)

Notes: aApproval indicates regulatory regions where the regimen has received marketing authorization for first-line treatment of advanced esophageal squamous cell carcinoma. CN, China (National Medical Products Administration); 
EU, European Union (European Medicines Agency); JP, Japan (Pharmaceuticals and Medical Devices Agency); US, United States (Food and Drug Administration). bFor ASTRUM-007, TRAE data represent pooled safety outcomes from all 
patients who received at least 1 dose of serplulimab. 
Abbreviations: CF, cisplatin plus 5-fluorouracil; CI, confidence interval; HR, hazard ratio; OS, overall survival; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PFS, progression-free survival; TP, paclitaxel 
plus cisplatin; TRAE, treatment-related adverse event.
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Key Baseline Characteristics
Baseline characteristics with potential effect modification or prognostic value included age (<65 years vs ≥65 years), sex 
(male vs female), ECOG performance status (0 vs 1), smoking status (never smoker vs former/current smoker), and disease 
status (locally advanced or distantly metastatic). For efficacy analyses, adjustment strategies differed by trial based on data 
availability. In ESCORT-1st and RATIONALE-306, all prespecified baseline characteristics were adjusted. In JUPITER-06 
and CheckMate 648, adjustments were made for gender, ECOG performance status, smoking status, and disease status, as 
the proportion of patients aged ≥65 was not reported. In GEMSTONE-304, KEYNOTE-590, and ORIENT-15, adjustments 
included age, sex, ECOG performance status, and disease status, as smoking status was not reported.

Outcome Measures
The efficacy outcomes evaluated were OS and PFS. OS was defined as the time from randomization to death from any 
cause. PFS was defined as the time from randomization to the first documented objective tumor progression according to 
RECIST v1.1 criteria or death from any cause, whichever occurred first. Safety was assessed based on the occurrence of 
treatment-related adverse events (TRAEs).

Statistical Methods
The anchored MAIC approach was applied to compare individual patient data (IPD) from ASTRUM-007 with aggregate 
data (AgD) derived from seven selected comparator trials.15,16 Matching weights were estimated using the Newton- 
Raphson optimization algorithm to balance the mean baseline characteristics of the ASTRUM-007 IPD with the 
published aggregate baseline characteristics from the comparator trials. Matching was performed on prespecified 
variables, and effective sample sizes (ESS) were calculated for both treatment arms after weighting. Indirect comparisons 
between the weighted ASTRUM-007 results and each of the seven comparator studies were conducted using the Bucher 
method.17 Baseline characteristics were summarized before and after weighting, and the anchored MAIC-adjusted HRs 
for OS and PFS were reported.

For subgroup analyses, because published trials did not report sufficient aggregate baseline characteristics within 
subgroups to support MAIC, a Bayesian network meta-analysis (NMA)18 was conducted to perform anchored unadjusted 
indirect comparisons across trials. The surface under the cumulative ranking curve (SUCRA) values and ranking 
probabilities were used to assess the relative treatment ranking among the candidate agents. All analyses were conducted 
using R (Version 4.5.2).

Results
Study Characteristics and Baseline Demographics
Eight pivotal phase 3 randomized controlled trials (RCTs) involving 4,702 patients were included in this comparative 
analysis. All trials enrolled patients with previously untreated, unresectable, locally advanced, recurrent, or metastatic 
ESCC. In the experimental arms, first-line PD-1/PD-L1 inhibitors were administered in combination with platinum-based 
doublet chemotherapy (paclitaxel-cisplatin or cisplatin-5-fluorouracil) and compared against the corresponding che
motherapy alone. Study characteristics and efficacy endpoint results are summarized in Table 1. ASTRUM-007 
(serplulimab plus cisplatin-5-fluorouracil) served as the index trial for all indirect comparisons.

Across trials, baseline characteristics were generally balanced. Male patients accounted for 78.8%-87.7% in treatment 
arms and 84.8%-88.3% in control arms. ECOG performance status 1 was reported in 53.3%-79.1% of patients in the 
treatment arms. Most patients had metastatic disease at baseline. Among trials reporting age group, approximately 30%- 
50% of participants were aged ≥65 years. Former or current smoking was reported in the five trials that provided smoking 
status. Key baseline characteristics are presented in Table 2.

Population-Adjusted Comparative Efficacy via Anchored MAIC
To adjust for cross-trial heterogeneity, anchored MAIC was conducted for each comparison. After weighting, the ESS for 
the ASTRUM-007 serplulimab and chemotherapy arms ranged from 114 to 365 and 83 to 175, respectively, suggesting 
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Table 2 Baseline Characteristics Before and After Reweighting ASTRUM-007 to Match Each Comparator Study

Trial Arm Original Baseline Characteristics as Reported ASTRUM-007 After Reweighting to Match Comparatora

Age ≥65 
y, %

Male 
Sex, %

ECOG PS 
1, %

Former/Current 
Smoker, %

Metastatics 
Disease, %

Age ≥65 
y, %

Male 
Sex, %

ECOG PS 
1, %

Former/Current 
Smoker, %

Metastatics 
Disease, %

ESSc

ASTRUM-007b Trt 45.9 86.1 75.0 63.0 87.5 — — — — — —

Ctrl 46.4 83.6 71.0 62.8 84.2 — — — — — —

CheckMate 648 Trt NR 78.8 53.3 79.1 57.3 — 78.8 53.3 79.1 57.3 114

Ctrl NR 84.9 52.5 79 57.7 — 84.9 52.5 79 57.7 83

ESCORT-1st Trt 32.6 87.2 76.2 66.4 78.9 32.6 87.2 76.2 66.4 78.9 318

Ctrl 37.9 88.3 77.9 72.8 81.5 37.9 88.3 77.9 72.8 81.5 164

GEMSTONE-304 Trt 39.7 87.7 79.1 NR 79.6 39.7 87.7 79.1 — 79.6 338

Ctrl 41.8 86.8 78.6 NR 79.1 41.8 86.8 78.6 — 79.1 172

JUPITER-06 Trt NR 84.4 74.3 63.8 80.2 — 84.4 74.3 63.8 80.2 349

Ctrl NR 85.6 73.5 67.3 77.0 — 85.6 73.5 67.3 77.0 174

KEYNOTE-590 Trt 46.1 82.0 59.8 NR 92.2 46.1 82.0 59.8 — 92.2 314

Ctrl 39.9 84.8 59.8 NR 90.2 39.9 84.8 59.8 — 90.2 167

ORIENT-15 Trt 42.2 85.3 76.5 NR 87.2 42.2 85.3 76.5 — 87.2 365

Ctrl 39.2 86.7 75.6 NR 86.4 39.2 86.7 75.6 — 86.4 175

RATIONALE-306 Trt 46.0 86.5 66.6 75.8 85.6 46.0 86.5 66.6 75.8 85.6 325

Ctrl 50.2 87.0 67.8 71.5 87.3 50.2 87.0 67.8 71.5 87.3 175

Notes: aFor each pairwise comparison, individual patient data from ASTRUM-007 were reweighted to match the aggregate baseline characteristics of the comparator trial. bAfter reweighting, the displayed values represent the weighted 
population characteristics of ASTRUM-007 after matching to each comparator trial. Em dashes (-) indicate that ASTRUM-007 baseline values were not reweighted as they served as the reference population in their respective row. 
cEffective sample size (ESS) was calculated as ESS ¼ Σwið Þ= Σwið Þ, where wi represents the individual patient weight. 
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; Trt, Treatment arm; Ctrl, Control arm; NR, Not reported.
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acceptable statistical precision and overlap between the reweighted populations (Table 2). The weighted baseline 
characteristics of ASTRUM-007 were well balanced with those of each comparator trial.

Overall Survival
In the adjusted anchored MAIC analysis for OS, serplulimab demonstrated comparable efficacy to other first-line PD-1/PD-L1- 
based regimens, with a numerical survival advantage versus nivolumab (Figure 1A). Compared with nivolumab (CheckMate 
648), serplulimab was associated with a 24% lower risk of death (adjusted HR, 0.76; 95% CI, 0.47–1.24), although the 
confidence interval crossed unity. Serplulimab demonstrated OS outcomes similar to those with camrelizumab (adjusted HR, 
0.93; 95% CI, 0.70–1.24), pembrolizumab (adjusted HR, 0.93; 95% CI, 0.71–1.22), and sugemalimab (adjusted HR, 0.95; 95% 
CI, 0.69–1.31). Comparisons with sintilimab and toripalimab yielded point estimates close to 1.0 with overlapping confidence 
intervals, suggesting no meaningful difference in long-term survival. Overall, the pooled estimate was 0.98 (95% CI, 0.87–1.11) 
with no detectable heterogeneity (I2=0.0%), supporting robust cross-trial consistency.

Comparator

Overall effect
Prediction interval
Heterogeneity: I 2 = 0.0%, p  = 0.8686

CheckMate 648
ESCORT-1st
GEMSTONE-304
JUPITER-06
KEYNOTE-590
ORIENT-15
RATIONALE-306

ESS

114
318
338
349
314
365
325

Serplulimab
ESS

83
164
172
174
167
175
175

Control

0.6 0.8 1 1.2
Favours Serplulimab  Favours Comparator

HR [95% CI]

0.98 [0.87; 1.11]
[0.85; 1.14]

0.76 [0.47; 1.24]
0.93 [0.70; 1.24]
0.95 [0.69; 1.31]
1.14 [0.79; 1.64]
0.93 [0.71; 1.22]
1.08 [0.80; 1.45]
1.04 [0.77; 1.38]

Weight

100.0%

6.1%
17.7%
13.5%
10.7%
19.3%
16.0%
16.9%

A

Comparator

Overall effect
Prediction interval
Heterogeneity: I 2 = 0.0%, p  = 0.5525

CheckMate 648
ESCORT-1st
GEMSTONE-304
JUPITER-06
KEYNOTE-590
ORIENT-15
RATIONALE-306

ESS

114
318
338
349
314
365
325

Serplulimab
ESS

83
164
172
174
167
175
175

Control

0.6 0.8 1 1.2
Favours Serplulimab  Favours Comparator

HR [95% CI]

0.91 [0.81; 1.02]
[0.78; 1.05]

0.56 [0.33; 0.96]
1.03 [0.77; 1.38]
0.86 [0.63; 1.16]
0.97 [0.70; 1.34]
0.83 [0.63; 1.10]
1.01 [0.75; 1.35]
0.91 [0.67; 1.23]

Weight

100.0%

4.8%
16.5%
15.2%
13.3%
18.4%
16.4%
15.3%

B

Figure 1 Adjusted Hazard Ratios for Efficacy Outcomes in Matching-Adjusted Indirect Comparison. 
Notes: Hazard ratios (HRs) and 95% CIs for overall survival (A) and progression-free survival (B). Individual patient data from ASTRUM-007 were reweighted to match 
aggregate baseline characteristics of comparator trials. HRs less than 1.0 favour serplulimab plus chemotherapy. 
Abbreviations: CI, confidence interval; ESS, effective sample sizes; HR, hazard ratio.
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Progression-Free Survival
In the anchored MAIC for PFS, serplulimab showed a favorable efficacy profile across the comparator landscape 
(Figure 1B). Serplulimab significantly reduced the risk of progression or death versus nivolumab (adjusted HR, 0.56; 
95% CI, 0.33–0.96), corresponding to a 44% relative risk reduction in the weighted population. Point estimates also 
favored serplulimab versus pembrolizumab (adjusted HR, 0.83; 95% CI, 0.63–1.10), sugemalimab (adjusted HR, 0.86; 
95% CI, 0.63–1.16), and tislelizumab (adjusted HR, 0.91; 95% CI, 0.67–1.23). Comparisons with toripalimab (adjusted 
HR, 0.97; 95% CI, 0.70–1.34) and sintilimab (adjusted HR, 1.01; 95% CI, 0.75–1.35) yielded near-unity estimates with 
overlapping confidence intervals. Overall, the pooled HR was 0.91 (95% CI, 0.81–1.02) with no heterogeneity (I2=0.0%), 
supporting consistent PFS benefit across trials.

Efficacy Profiles in Key Subgroups via Bayesian Network Meta-Analysis
An NMA was conducted to compare treatments within prespecified clinically relevant subgroups, with ranking summar
ized using SUCRA.

Overall Survival by Subgroups
Serplulimab demonstrated generally consistent OS benefit versus chemotherapy across subgroups (Figures 2 and 3). In 
both age strata (<65 and ≥65 years), serplulimab (HR, ~0.70 vs chemotherapy; SUCRA, ~0.555 and 0.495) showed 
clinically meaningful benefit comparable to leading PD-1-based regimens.

Serplulimab showed greater efficacy in female patients and those with locally advanced disease. Among women, 
serplulimab (HR, 0.62; 95% CI, 0.45–0.87; SUCRA, 0.631) was ranked among the top regimens, with numerically better 
OS than sugemalimab and pembrolizumab and markedly better outcomes than nivolumab. In locally advanced disease, 
serplulimab was ranked first (alongside tislelizumab) and was associated with a marked reduction in mortality versus 

Figure 2 League Tables of Treatment Comparisons from Bayesian Network Meta-Analysis. 
Notes: Pairwise comparisons from Bayesian network meta-analysis, column treatments are compared with row treatments. Hazard ratios (HRs) with 95% credible intervals 
for overall survival (A, upper triangle) and progression-free survival (A, lower triangle), HR <1.0 indicates an efficacy benefit. Risk ratios for grade ≥3 treatment-related 
adverse events (B). Column treatments are compared with row treatments. RR < 1 indicates better tolerance. 
Abbreviations: CF, cisplatin plus 5-fluorouracil; TP, paclitaxel plus cisplatin.
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Figure 3 Treatment Rankings for Efficacy and Safety Outcomes. 
Notes: Bayesian ranking profiles from the first to the last on improving the OS or PFS of the immunotherapies in the total population and the efficacy profiles of subgroups, 
or from the most likely to cause TRAEs and TRAEs of grades ≥3. The first rank shows the highest probabilities for improving OS or prolonging PFS or being the most likely 
to cause the AEs of grades ≥3. The last rank is on the contrary. 
Abbreviations: ECOG, Eastern Cooperative Oncology Group; OS, overall survival; PFS, progression-free survival; TRAE, treatment-related adverse event.
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chemotherapy (HR, 0.47; 95% CI, 0.34–0.65; SUCRA, 0.730). In metastatic disease, serplulimab (HR, 0.75; 95% CI, 
0.63–0.88) showed comparable benefit with the other PD-1/PD-L1 inhibitors. Subgroup-specific HRs and SUCRA values 
for OS are provided in Supplementary Table 1.

Progression-Free Survival by Subgroups
Serplulimab was consistently ranked among the most effective regimens for PFS across prespecified subgroups (Figures 
2 and 3). In patients aged ≥65 years, serplulimab (HR, 0.54; 95% CI, 0.42–0.69; SUCRA, 0.613) showed a robust PFS 
benefit versus chemotherapy, with efficacy comparable to other leading PD-1 inhibitors.

Consistent with the OS findings, serplulimab conferred the greatest PFS benefit in women (HR, 0.36; 95% CI, 
0.24–0.54; SUCRA, 0.790), where it ranked first among all evaluable regimens. According to disease status, serplulimab 
was associated with reduced progression risk in both locally advanced (HR, 0.68; 95% CI, 0.50–0.93) and metastatic 
disease (HR, 0.56; 95% CI, 0.46–0.68). Subgroup-specific HRs and SUCRA values for PFS are provided in 
Supplementary Table 2.

Safety Outcomes
Safety was evaluated using an NMA of TRAEs versus chemotherapy (Figure 3; Supplementary Table 3). Serplulimab 
showed a safety profile consistent with that for other PD-1 inhibitors. For all-grade TRAEs, serplulimab had no 
meaningful increase versus chemotherapy (risk ratio [RR], 1.01; 95% CI, 0.94–1.09; SUCRA, 0.497) and was compar
able to pembrolizumab (SUCRA, 0.491), indicating no excess low-grade toxicity burden.

For grade 3–5 TRAEs, serplulimab showed an acceptable severe-toxicity profile (RR, 1.09; 95% CI, 0.73–1.63; 
SUCRA, 0.470) and was numerically more favorable than nivolumab (RR, 1.34; SUCRA, 0.153). Overall, the clinical 
benefits of serplulimab were not accompanied by a disproportionate increase in severe TRAEs.

Discussion
While immunotherapy plus chemotherapy is now established as the standard first-line treatment for locally advanced or 
metastatic ESCC, the optimal choice among available chemoimmunotherapy regimens remains unclear. In this study, we 
performed indirect comparison analyses of serplulimab versus seven other anti-PD-1/PD-L1 agents combined with 
chemotherapy in the first-line setting for ESCC. After matching, serplulimab plus chemotherapy was associated with 
a clinically meaningful improvement in PFS and OS outcomes comparable to those of other first-line PD-1/PD-L1 
inhibitor-based regimens, while demonstrating a safety profile consistent with that for other PD-1 inhibitors. These 
findings suggest a favorable benefit-risk profile for serplulimab-based chemoimmunotherapy in this setting.

One important consideration in trial design for this indirect comparison is the heterogeneity in chemotherapy 
backbones across these trials. Cisplatin plus 5-fluorouracil is a commonly used first-line chemotherapy backbone for 
advanced ESCC. However, this regimen was adopted only in GEMSTONE-304, KEYNOTE-590, and CheckMate 648, 
whereas the other studies primarily employed paclitaxel plus cisplatin or allowed multiple chemotherapy options. 
Moreover, even among the three trials using cisplatin plus 5-fluorouracil, differences in dosing schedules were evident, 
with variations in per-cycle dose intensity and treatment duration. These discrepancies in chemotherapy regimens and 
administration schedules may have contributed to cross-trial heterogeneity. Nevertheless, existing retrospective analyses 
have suggested that there are no substantial differences in efficacy or safety outcomes between the two regimens.19 

Another potential source of heterogeneity is that the ASTRUM-007 trial enrolled only patients from China, which may 
raise concerns regarding the generalizability of the findings. However, available evidence suggests that race is unlikely to 
be a major effect modifier, as clinically relevant differences in survival outcomes between Asian and non-Asian 
populations were not observed in CheckMate 648 or RATIONALE-306. In addition, ASTRUM-007 included only 
patients with PD-L1-positive ESCC (CPS ≥1). Importantly, PD-L1 expression level does not appear to be a key effect 
modifier in this setting, as comparable survival benefits across PD-L1 subgroups have been reported in JUPITER-06.

MAIC is an established approach that integrates IPD from one RCT with aggregated data from comparator trials, 
enabling adjustment for cross-trial differences in key population characteristics through matching and weighting. By 
statistically accounting for observed heterogeneity, this method facilitates clinically meaningful comparative 
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effectiveness assessments when head-to-head randomized studies are not available. In this analysis, age, sex, ECOG 
performance status, smoking status, and disease status were selected for adjustment. The rationale for identifying these 
variables as prognostic factors and potential effect modifiers is as follows. Age is a well-established prognostic factor in 
oncology, as it is associated with greater comorbidity burden and reduced treatment tolerance, and it is routinely 
incorporated as a stratification factor in clinical trials. Sex is considered a potential effect modifier in chemoimmu
notherapy, as clinically meaningful differences in survival outcomes between male and female patients were observed in 
the CheckMate-648 and JUPITER-06 trials. ECOG performance status is a recognized prognostic factor in oncology 
immunotherapy, with significant associations with treatment tolerability, immune competence, and survival outcomes.20 

Furthermore, smoking may impair T cell-mediated immune responses, supporting its potential impact on immunotherapy 
outcomes in ESCC.21 In addition, distant metastatic disease may attenuate immunotherapy efficacy through mechanisms 
such as T-cell exhaustion and systemic immune suppression.22,23

Nevertheless, several key limitations have to be considered. First, extensive adjustment for multiple potential effect 
modifiers and prognostic factors can substantially reduce the ESS, which may in turn increase the uncertainty and 
variability of relative treatment effect estimates. Second, as with any indirect comparison of nonrandomized treatment 
groups, residual confounding may persist if relevant characteristics are unmeasured or unreported across trials.24 

Although known differences were addressed through MAIC, this analysis relied on aggregated baseline information 
from the seven comparator trials; consequently, unmeasured, inconsistently defined, or unreported variables may have 
influenced the comparative results. Third, OS is influenced by local medical practices and subsequent treatments, and 
while MAIC adjusts for population characteristics, confounding related to post-progression therapy and other unobserved 
factors may remain.

Conclusion
This analysis provides comparative evidence to inform decision-making regarding the optimal first-line chemoimmu
notherapy regimen for patients with locally advanced or metastatic ESCC. After adjusting for baseline differences, 
serplulimab in combination with chemotherapy demonstrated PFS and OS comparable to other first-line PD-1/PD-L1 
inhibitor-based regimens and a safety profile consistent with that for other PD-1 inhibitors. Collectively, these findings 
support a favorable benefit-risk profile for serplulimab-based chemoimmunotherapy in this patient population.

Abbreviations
AgD, aggregate data; CI, confidence interval; CPS, combined positive score; ECOG, Eastern Cooperative Oncology 
Group; ESCC, esophageal squamous cell carcinoma; ESS, effective sample sizes; HR, hazard ratio; ICIs, immune 
checkpoint inhibitors; IPD, individual patient data; MAIC, matching-adjusted indirect comparison; NMA, Bayesian 
network meta-analysis; OS, overall survival; PD-1/PD-L1, programmed cell death-1/programmed death-ligand 1; PFS, 
progression-free survival; RCT, randomized controlled trial; RECIST v1.1, Response Evaluation Criteria in Solid Tumors 
version 1.1; SUCRA, surface under the cumulative ranking curve; TRAE, treatment-related adverse event.
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