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Abstract: Objectives: To evaluate the feasibility and efficacy of immune checkpoint inhibitor (ICI) rechallenge as 
second-line therapy in advanced esophageal squamous cell carcinoma (ESCC) patients who had progressed after 
first-line ICI-based treatment. Methods: This retrospective multicenter study analyzed 171 advanced ESCC patients 
who progressed after first-line ICI-based therapy and were subsequently re-treated with ICIs between 2021 and 
2024. Rechallenge was defined as re-administration of the same or a different ICI agent. Patients were stratified by 
first-line treatment duration (≥180 vs. <180 days). Primary outcomes included progression-free survival during sec-
ond-line treatment (PFS2) and overall survival (OS). Secondary outcomes included objective response rate (ORR), 
disease control rate (DCR), durable clinical benefit (DCB), and immune-related adverse events (irAEs). Results: 
Patients who had a first-line treatment duration of ≥180 days had significantly longer PFS2 (5.70 vs. 3.47 months, 
P<0.001) and OS (14.77 vs. 12.92 months, P = 0.008). Among second-line strategies, immunotherapy alone pro-
vided the longest PFS2, while ICI plus chemotherapy resulted in the shortest (P<0.001). PD-L1 expression ≥1% was 
paradoxically associated with shorter PFS2. IrAEs during second-line treatment were not associated with improved 
efficacy. Conclusions: ICI rechallenge is a feasible and effective option for selected ESCC patients, particularly those 
with ≥180 days of benefit from first-line ICI therapy. Immunotherapy alone or combined with antiangiogenic agents 
may be preferable over combination with chemotherapy. Further prospective studies are needed to identify predic-
tive factors and optimize rechallenge strategies.
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Introduction

In 2022, China reported approximately 187,500 
deaths and 224,000 new cases of esophageal 
carcinoma (EC), with esophageal squamous 
cell carcinoma (ESCC) accounting for roughly 
85% of these cases [1]. The 5-year survival rate 
for metastatic, recurrent, or persistent ESCC is 
between 10 and 20% [2]. Immune checkpoint 
inhibitors (ICIs) combined with chemotherapy 
represent the frontline treatment for advanced 
ESCC, demonstrating prolonged progression-
free survival (PFS) and overall survival (OS) in 

several large-scale clinical trials [3, 4]. While 
about 8% of patients receive anti-programmed 
death-1 (PD-1) monotherapy, up to 50% are 
treated with combination ICIs and chemothera-
py as first-line therapy [5]. Most patients even-
tually experience tumor progression after first-
line ICI-based treatment, necessitating subse-
quent therapeutic options [6]. 

Several ICIs have been investigated as second-
line or subsequent treatments for patients with 
advanced ESCC who have not previously re- 
ceived immunotherapy [7, 8]. The ATTRACTION- 
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03 trial found that the median OS for the 
nivolumab group was 10.9 months, 2.5 months 
longer than the chemotherapy group (8.4 
months), with a 23% reduced risk of death  
[9, 10]. The KEYNOTE-181 study showed that 
pembrolizumab significantly prolonged OS in 
patients with a PD-L1 combined positive score 
(CPS) ≥10 compared to chemotherapy [11]. 
However, these trials excluded patients who 
had previously received ICIs, limiting their appli-
cability in the current clinical scenario, where 
first-line ICI-based therapy is now standard.

In real-world clinical practice, patients who pro- 
gress after first-line ICI therapy have limited 
treatment options [12]. Systemic treatments 
such as tyrosine kinase inhibitors (TKIs) and 
conventional chemotherapy are often empiri-
cally used, but their efficacy is restricted [13]. 
Given the dynamic nature of immune respons-
es and the potential for renewed immune acti-
vation, ICI rechallenge - defined as the re-
administration of ICIs to patients who have pro-
gressed after ICI-based regimens - appears to 
be a promising therapeutic approach [14-16]. 
This strategy may involve either retreatment 
with the same ICI or crossline treatment with a 
different ICI agent.

The biological rationale for ICI rechallenges is 
supported by several mechanisms. First, the 
tumor immune microenvironment may evolve 
during treatment-free intervals, potentially re- 
storing immune responsiveness [17]. Second, 
acquired resistance to initial ICI therapy could 
be overcome through different immune path-
ways or combination strategies [18-20]. Third, 
patients who initially benefited from ICI therapy 
may retain immune memory that can be reacti-
vated with rechallenge [20].

We define first-line therapy as the initial system-
ic treatment for advanced or metastatic ESCC, 
specifically consisting of ICI (anti-PD-1/PD-L1 
antibodies) combined with chemotherapy or ICI 
monotherapy. ICI rechallenge refers to the 
administration of any ICI agent as second- 
line therapy to patients who have previously 
received and progressed on first-line ICI-based 
regimens [20]. This rechallenge strategy can be 
further categorized into retreatment, where the 
same ICI agent used in first-line therapy is re-
administered, or crossline treatment, where a 
different ICI agent is employed. Patients were 
stratified based on first-line treatment duration, 
with those receiving ICI-based therapy for at 

least 180 days before disease progression 
considered to have demonstrated initial ICI 
sensitivity.

While clinical evidence has supported the feasi-
bility of ICI rechallenge in ESCC, comprehensive 
real-world data on rechallenge strategies, opti-
mal patient selection, and predictive biomark-
ers are still lacking. Several critical questions 
regarding ICI rechallenge remain unanswered: 
Which patients are most likely to benefit from 
rechallenge therapy? Should rechallenge in- 
volve the same ICI or a different agent? What is 
the optimal combination strategy for rechal-
lenge (monotherapy vs. combination with che-
motherapy or antiangiogenic agents)? How 
does the duration of initial ICI benefit influence 
rechallenge outcomes? What is the safety pro-
file of ICI rechallenge, particularly regarding 
immune-related adverse events (irAEs)?

Therefore, we conducted this retrospective 
multicenter study to address these critical 
questions by analyzing real-world data from 
patients with ESCC who received ICI rechal-
lenge therapy after progression on first-line ICI-
based treatment. We specifically evaluated the 
efficacy and safety of second-line ICI rechal-
lenge, identified predictive factors for treat-
ment response, and compared different rechal-
lenge strategies to provide evidence-based 
guidance for clinical practice.

Materials and methods

Study design and ethics

This retrospective study was approved by  
the Research Ethics Committee of the First 
People’s Hospital of Jingdezhen (ID number: 
jdzyy202505). The study adhered to the 
Declaration of Helsinki (revised in 2013). As an 
observational retrospective study conducted 
within a routine medical setting, it did not 
involve additional interventions or risks to 
patients. Therefore, informed consent was 
waived by the ethics committee.

Patient selection and data collection 

We conducted a retrospective analysis of 
patients with histologically confirmed ESCC 
treated from December 2021 to November 
2024 across multiple centers. The detailed 
patient screening and selection flowchart is 
presented in Figure S1. Patients were eligible 
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for inclusion if they had histologically confirm- 
ed esophageal squamous cell carcinoma, we- 
re aged 18 years or older, had unresectable 
advanced, metastatic, or recurrent disease, 
and had previously received first-line ICI-based 
therapy (anti-PD-1/PD-L1 antibodies combined 
with chemotherapy or ICI monotherapy) for 
advanced or metastatic disease. Additional 
inclusion criteria required radiologically con-
firmed disease progression (via computed 
tomography or magnetic resonance imaging) 
according to Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1 before initi-
ating second-line ICI treatment. Patients must 
have received at least 4 cycles of both first-line 
and second-line ICI-based therapy, unless 
interrupted by disease progression, unaccept-
able toxicity, or patient or physician decision. 
Eligible patients had an Eastern Cooperative 
Oncology Group Performance Status (ECOG PS) 
of 0 to 2, expected survival of more than 3 
months at second-line treatment initiation, and 
adequate organ function (hepatic, renal, and 
hematologic parameters within acceptable 
ranges for ICI treatment).

Patients were excluded if they had unclear or 
unconfirmed pathological diagnoses, lacked 
documented first-line or second-line ICI-based 
therapy, were enrolled in interventional clinical 
trials, had active autoimmune diseases requir-
ing systemic immunosuppressive therapy, had 
a history of organ transplantation, had concur-
rent active malignancies other than ESCC, or 
had insufficient follow-up data (less than 3 
months), unless death occurred.

Treatment protocols and drug specifications

First-line therapy was defined as the initial sys-
temic treatment for advanced or metastatic 
ESCC. ICI monotherapy regimens included 
pembrolizumab 200 mg every 3 weeks intrave-
nously, camrelizumab 200 mg every 3 weeks 
intravenously, sintilimab 200 mg every 3 weeks 
intravenously, or toripalimab 240 mg every 3 
weeks intravenously. ICI combined with chemo-
therapy regimens consisted of any of the above 
ICI agents plus paclitaxel 175 mg/m2 every 3 
weeks and cisplatin 75 mg/m2 every 3 weeks, 
or ICI plus paclitaxel 175 mg/m2 every 3 weeks 
and carboplatin AUC 5 to 6 every 3 weeks, or 
ICI plus docetaxel 75 mg/m2 every 3 weeks and 
cisplatin 75 mg/m2 every 3 weeks.

Second-line ICI rechallenge therapy was ca- 
tegorized into four distinct strategies: (1) Im- 

munotherapy alone: This included continuing 
the same ICI agent used in first-line treatment 
at the same dose and schedule, or switching to 
an alternative anti-PD-1 or PD-L1 antibody at 
standard dosing. (2) Immunotherapy plus che-
motherapy: This included ICI combined with 
single-agent chemotherapy such as paclitaxel 
80 to 100 mg/m2 weekly, docetaxel 75 mg/m2 
every 3 weeks, or irinotecan 125 to 180 mg/m2 
every 2 weeks, or ICI combined with combina-
tion chemotherapy regimens such as FOLFIRI 
(leucovorin 400 mg/m2, fluorouracil 400 mg/
m2 bolus, and 2,400 mg/m2 continuous infu-
sion over 46 hours, plus irinotecan 180 mg/m2 
every 2 weeks) or other physician-selected regi-
mens. (3) Immunotherapy plus antiangiogenic 
therapy: This involved ICI combined with apa-
tinib 250 to 425 mg daily orally, bevacizumab 
7.5 mg/kg every 3 weeks intravenously, or 
anlotinib 10 to 12 mg daily orally (14 days on, 7 
days off). (4) Immunotherapy plus chemothera-
py plus antiangiogenic therapy: This represent-
ed combinations of the above strategies based 
on physician discretion and patient tolerance.

The same immune drug group comprised 
patients who continued with the same anti-
PD-1 or PD-L1 antibody used in first-line thera-
py for second-line treatment, regardless of 
combination partners. The different immune 
drug group included patients who switched to  
a different anti-PD-1 or PD-L1 antibody for  
second-line treatment compared to first-line 
therapy.

Data collection

The data in this paper are sourced from 
Jingdezhen First People’s Hospital, Jiangxi Pro- 
vincial People’s Hospital (the First Affiliated 
Hospital of Nanchang Medical College), and the 
Cangshan Campus of the 900th Hospital of the 
Joint Logistics Support Force of the Chinese 
People’s Liberation Army. Clinical characteris-
tics collected included demographics such as 
age, sex, and smoking history (classified as 
never, former, or current smokers). Disease 
characteristics encompassed primary tumor 
location, histological grade, and the number 
and sites of metastatic lesions. Performance 
status was assessed using the ECOG PS scale 
at baseline and before second-line treatment. 
Biomarker status included PD-L1 expression 
determined by immunohistochemistry using 
the 22C3 pharmDx assay from Dako/Agilent, 
with combined positive score reported as <1% 
or ≥1%. Treatment details captured specific ICI 
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agents, dosing regimens, cycles administered, 
combination partners, dose modifications, and 
reasons for treatment discontinuation. Respon- 
se assessments documented the best overall 
response for both first-line and second-line 
treatments according to RECIST version 1.1. 
Survival data included progression-free surviv-
al during first-line treatment, progression-free 
survival during second-line treatment, and 
overall survival. Safety data comprised irAEs 
graded according to Common Terminology 
Criteria for Adverse Events version 5.0.

Outcome measures

The primary outcomes were progression-free 
survival (PFS) during second-line treatment, 
defined as the time from initiation of second-
line ICI therapy to the first documented disease 
progression according to RECIST version 1.1 or 
death from any cause, whichever occurred first, 
and overall survival (OS), measured as the time 
from the date of initial diagnosis of advanced  
or metastatic ESCC to death from any cause. 
Secondary outcomes included progression-
free survival during first-line treatment, defined 
as the time from initiation of first-line ICI thera-
py to the first documented disease progression 
according to RECIST version 1.1 or death from 
any cause, whichever occurred first. Additional 
secondary endpoints encompassed objective 
response rate (ORR), calculated as the propor-
tion of patients achieving complete response 
(CR) or partial response (PR) according to 
RECIST version 1.1, disease control rate (DCR), 
representing the proportion of patients achiev-
ing CR, PR, or stable disease (SD) lasting 8 
weeks or longer, and durable clinical benefit 
(DCB), defined as the proportion of patients 
achieving CR, PR, or SD lasting 6 months or lon-
ger. Safety endpoints included the incidence of 
all-grade and high-grade irAEs, with high-grade 
defined as grade 3 or higher according to 
Common Terminology Criteria for Adverse 
Events version 5.0, during both first-line and 
second-line ICI treatments.

Response assessment and follow-up

Tumor response was assessed by imaging 
techniques including computed tomography, 
magnetic resonance imaging, bone scintigra-
phy, or ultrasound, as clinically indicated, ac- 
cording to RECIST version 1.1. Imaging was per-
formed every 6 to 9 weeks, corresponding to 
every 2 to 3 treatment cycles during active 
treatment, and every 3 months during follow-up 

until disease progression or death. Response 
evaluations were conducted by treating physi-
cians and confirmed by institutional radiolo-
gists when available. Patients were followed 
until death, loss to follow-up, or data cutoff on 
January 31, 2025. Patients alive without pro-
gression at the last follow-up were censored for 
survival analyses.

Statistical analysis 

All statistical analyses were performed using 
IBM SPSS version 26.0. Descriptive statistics 
were reported as medians with interquartile 
ranges for continuous variables and frequen-
cies with percentages for categorical variables. 
Continuous variables were compared using the 
two-sided Mann-Whitney U test, while cate- 
gorical variables were analyzed using the chi-
squared test. The Kaplan-Meier method was 
used to estimate survival curves for overall sur-
vival and progression-free survival during sec-
ond-line treatment, with differences between 
groups assessed using the log-rank test. 
Hazard ratios with 95% confidence intervals 
(CIs) were calculated using Cox proportional 
hazards regression.

For pairwise comparisons among the four sec-
ond-line treatment regimens, Bonferroni cor-
rection was applied to control for multiple test-
ing, with the adjusted significance level set at 
P<0.0083 (calculated as 0.05 divided by 6 
comparisons). Cox proportional hazards regres-
sion models were used to identify independent 
predictors of progression-free survival during 
second-line treatment and overall survival. Va- 
riables with P<0.10 in univariate analysis or 
those considered clinically relevant were in- 
cluded in the multivariable models. These vari-
ables included age (analyzed both continuously 
and categorized as <65 vs. ≥65 years), sex, 
ECOG PS (categorized as 0 to 1 vs. 2), smoking 
history (classified as never vs. ever), number of 
metastatic sites (grouped as 0 to 2 vs. ≥3), 
PD-L1 expression status (combined positive 
score <1% vs. ≥1%), first-line treatment dura-
tion (PFS <180 vs. ≥180 days), best response 
to first-line treatment (grouped as CR, PR, or SD 
vs. progressive disease), second-line treatment 
regimen (compared across immunotherapy 
alone, immunotherapy plus chemotherapy, im- 
munotherapy plus antiangiogenic therapy, and 
immunotherapy plus chemotherapy plus anti-
angiogenic therapy), and ICI drug consistency 
(comparing same vs. different agents).
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The proportional hazards assumption was test-
ed using Schoenfeld residuals, and model 
selection was performed using backward elimi-
nation with a significance level of P<0.05 for 
retention in the final model. All Kaplan-Meier 
survival curves included 95% CIs, and effect 
sizes for survival outcomes are reported as 
hazard ratios with 95% CIs. For categorical out-
comes, odds ratios with 95% CIs were calcu-
lated where appropriate. Missing data patterns 
were assessed and reported, with patients hav-
ing missing outcome data censored at the last 
known follow-up date for survival analyses. 
Sensitivity analyses were performed to assess 
the impact of missing data on primary conclu-
sions. Statistical significance was defined as 

two-sided P<0.05 for primary analyses and 
P<0.0083 for multiple comparisons after Bon- 
ferroni correction. All analyses were explorato-
ry, and no formal sample size calculation was 
performed for this retrospective study.

Results

Patient pathologic characteristics

Table 1 presents the patient demographics, 
with a male-to-female ratio of 1:1.25 (95 males, 
76 females) and a median age of 66 years 
(interquartile range: 61-70). Patients were strat-
ified into two groups based on PFS1 duration: 
≥180 days (n = 87, 50.9%) and <180 days (n = 
84, 49.1%). Additionally, patients were catego-

Table 1. Patient characteristics

Variables 
(n = 171)

PFS1 180 days
(1st line)

Immune drugs
(2nd line)

Best response
(2nd line ICI)

Less 
n = 84 (%)

More
n = 87 (%) p Same

n = 82 (%)
Different

n = 89 (%) p PR/SD
n = 133 (%)

PD
n = 38 (%) p

Age (median IQR), y* 65 (61-70) 66 (62-71) 0.876 62 (60-70) 66 (62-70) 0.587 66 (62-70) 65 (60-70) 0.681

Sex 0.146 0.087 0.434

    Male (n = 86) 47 (76.2) 39 (67.8) 40 (62.2) 56 (69.7) 77 (74.4) 19 (63.2)

    Female (n = 85) 37 (23.8) 48 (32.2) 42 (37.8) 33 (30.3) 56 (25.6) 19 (36.8)

ECOG 0.093 0.795 0.582

    0-1 (n = 149) 73 (86.9) 76 (87.4) 69 (84.1) 80 (89.9) 114 (85.7) 35 (92.1)

    2 (n = 22) 11 (13.1) 11 (12.6) 13 (15.9) 9 (10.1) 19 (14.3) 3 (7.9)

Metastatic number† 0.417 0.845 0.263

    2 (n = 112) 55 (65.5) 57 (65.5) 56 (68.3) 56 (62.9) 83 (62.4) 29 (76.3)

    3 (n = 34) 14 (16.7) 20 (23.0) 17 (20.7) 17 (19.1) 29 (21.8) 5 (13.2)

PD-L1 expression† 0.172 0.496 0.437

    CPS <1% (n = 22) 22 (26.2) 0 (0) 9 (11.0) 13 (14.6) 0 (0) 22 (57.9)

    CPS ≥1% (n = 61) 53 (63.1) 8 (9.2) 32 (39.0) 29 (32.6) 45 (33.8) 16 (42.1)

Regimens in 2nd line therapy <0.001 0.668 0.405

    I (n = 60) 17 (20.2) 4 (49.4) 28 (34.1) 32 (36.0) 49 (18.9) 11 (28.9)

    I+C (n = 57) 40 (47.6) 17 (19.5) 27 (32.9) 30 (33.7) 40 (36.8) 17 (44.7)

    I+A (n = 36) 14 (16.7) 22 (25.4) 20 (24.4) 16 (18.0) 29 (30.1) 7 (18.5)

    I+A+C (n = 18) 13 (15.5) 5 (5.7) 7 (8.6) 11 (12.3) 15 (14.2) 3 (7.9)

Best response to 1st-line ICI 0.947 0.191 0.004

    CR/PR/SD (n = 158) 78 (92.9) 80 (92.0) 73 (89.1) 85 (95.5) 127 (95.5) 31 (81.6)

    PD (n = 13) 6 (7.1) 7 (8.0) 9 (10.9) 4 (4.5) 6 (4.5) 7 (18.4)

Best response to 2nd-line ICI <0.001 0.934 <0.001

    PR/SD (n = 133) 48 (57.1) 85 (97.7) 64 (78.0) 69 (77.5) 133 (100) 0 (0)

    PD (n = 38) 36 (42.9) 2 (2.3) 18 (22.0) 20 (22.5) 0 (0) 38 (100)

PFS1 <0.001 0.315 <0.001

    <180 days (n = 84) 84 (100) 0 (0) 37 (45.1) 47 (52.8) 48 (36.1) 36 (94.7)

    ≥180 days (n = 87) 0 (0) 87 (100) 45 (54.9) 42 (47.2) 85 (63.9) 2 (5.3)

2nd line immune drugs 0.315 <0.001 0.935

    Same (n = 82) 37 (44.0) 45 (51.7) 82 (100) 0 (0) 64 (48.1) 18 (47.4)

    Different (n = 89) 47 (56.0) 42 (48.3) 0 (0) 89 (100) 69 (51.9) 20 (52.6)
Note: *Comparison of data using the Mann-Whitney U-test; Other data comparison using the two-sided Chi-square or Fisher’s exact test. †Number of cases available. 
Abbreviations: PFS, progress-free survival; IQR, interquartile range; ICI, immune checkpoint inhibitor; ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed 
death-ligand 1; CPS, combined positive score; SD, stable disease; PR, partial response; PD, progressive disease; CR, complete response.
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rized by second-line immune therapy use (same 
as first-line: n = 82, 47.9%; different: n = 89, 
52.1%) and clinical efficacy of second-line treat-
ment (PR/SD: n = 133, 77.8%; PD: n = 38, 
22.2%).

Among patients with PFS1 ≥180 days, a higher 
proportion received immune monotherapy as 
second-line treatment (P<0.001) and achieved 
PR or SD (P<0.001). Patients with PR/SD to 
second-line treatment were more likely to have 
had PR/SD to first-line treatment (P<0.001).  
No significant differences were observed in 
second-line immune drug choice or across  
age, gender, ECOG PS, number of metastas- 
es, and PD-L1 expression levels (all P>0.05). 
Detailed patient characteristics are provided in 
Table 1.

2B). The 6-, 12-, and 18-month OS rates were 
86.90%, 35.71%, and 0%, respectively, in the 
<180-day group, and 98.85%, 45.98%, and 
2.29%, respectively, in the ≥180-day group.

Stratified survival analysis controlling for con-
founding factors

Stratified log-rank tests were performed to 
account for potential confounding factors. The 
survival advantage for patients with PFS1 ≥180 
days remained statistically significant after 
stratification by metastatic burden (P<0.001), 
ECOG PS (P<0.001), and age group (P<0.001). 
When stratified by multiple factors simultane-
ously (metastatic burden and ECOG PS), the dif-
ference remained highly significant (P<0.001), 
with a chi-square value of 30.05, indicating 

Figure 1. Survival Outcomes in the Overall Cohort. Kaplan-Meier survival 
curves for the entire study population (n = 171). A. Progression-free sur-
vival during second-line treatment (PFS2) showing a median PFS2 of 4.69 
months (95% CI: 4.45-4.92). B. Overall survival (OS) demonstrating a me-
dian OS of 13.04 months (95% CI: 12.09-14.01) with a median follow-up of 
14.68 months (95% CI: 13.46-15.89). Shaded areas represent 95% confi-
dence intervals.

PFS2 and OS based on PFS1 
duration

The pooled cohort exhibited a 
median PFS2 of 4.69 months 
(95% CI: 4.45-4.92) (Figure 1A) 
and a median OS of 13.04 
months (95% CI: 12.09-14.01) 
with a median follow-up of 
14.68 months (95% CI: 13.46-
15.89) (Figure 1B). Among the 
patients, 89 (52.05%) suc-
cumbed to the disease, and 
tumor progression was obser- 
ved in 133 patients (77.78%).

For patients with a first-line 
treatment duration exceeding 
180 days, the median PFS2 
was 5.70 months (95% CI: 
5.49-5.91), whereas for those 
with a shorter duration, it was 
3.47 months (95% CI: 2.79-
4.15; P<0.001) (Figure 2A). 
Specifically, in the <180-day 
group, the 3- and 6-month 
PFS2 rates were 53.57% and 
7.14%, respectively. Conver- 
sely, in the ≥180-day group, 
these rates were 100% and 
25.29%, respectively. Patients 
with PFS1 <180 days had a 
median OS of 12.92 months 
(95% CI: 11.75-14.10), com-
pared to 14.77 months (95% 
CI: 12.94-16.60) for those with 
longer PFS1 (P = 0.008) (Figure 
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robust statistical significance independent of 
these confounding factors. For overall survival, 
stratified analyses also confirmed the prognos-
tic value of PFS1 duration ≥180 days when con-
trolling for metastatic burden (P = 0.007), ECOG 
PS (P = 0.005), and age group (P = 0.017), dem-
onstrating that the survival benefit persists 
across different patient subgroups.

PFS2 and OS by second-line treatment regi-
mens

The median PFS2 for patients receiving immu-
notherapy alone (I), immunotherapy plus che-
motherapy (I+C), immunotherapy plus antian-

observed among the four treatment regimens, 
even after Bonferroni correction (P>0.05).

PFS2 and OS by second-line ICI drug consis-
tency

For patients in the second-line therapy cohort, 
the median PFS2 was 5.25 months (95% CI: 
4.51-5.99) among those who maintained the 
same immune medications and 4.60 months 
(95% CI: 4.36-4.85, P = 0.152) for those who 
changed their immune drugs. Patients in the 
same immune medication group had a median 
OS of 14.77 months (95% CI: 12.83-16.71),  
and those in the different immune medication 

Figure 2. Impact of First-line Treatment Duration on Second-line Outcomes. 
Kaplan-Meier survival curves stratified by first-line progression-free survival 
(PFS1) duration. A. PFS2 comparison between patients with PFS1 ≥180 
days (n = 87) versus <180 days (n = 84), showing median PFS2 of 5.70 
months (95% CI: 5.49-5.91) versus 3.47 months (95% CI: 2.79-4.15), re-
spectively (P<0.001). B. Overall survival comparison demonstrating medi-
an OS of 14.77 months (95% CI: 12.94-16.60) for PFS1 ≥180 days versus 
12.92 months (95% CI: 11.75-14.10) for PFS1 <180 days (P = 0.008). The 
180-day cutoff represents a critical predictor of rechallenge efficacy.

giogenic drugs (I+A), and im- 
munotherapy plus antiangioge- 
nic drugs and chemotherapy 
(I+A+C) as second-line treat-
ments were 5.56 months (95% 
CI: 4.50-6.23), 4.00 months 
(95% CI: 3.62-4.38), 4.75 mon- 
ths (95% CI: 4.33-5.17), and 
5.61 months (95% CI: 4.34-
6.89), respectively (P<0.001; 
Figure 3A).

After applying Bonferroni cor-
rection for multiple compari-
sons (adjusted significance le- 
vel P<0.0083), the I+C regimen 
exhibited significantly shorter 
PFS2 compared to I alone (HR 
2.137, 95% CI: 1.375-3.321, P 
= 0.001), I+A (HR 1.871, 95% 
CI: 1.162-3.011, P = 0.008), 
and I+A+C (HR 2.122, 95% CI: 
1.142-3.942, P = 0.014). How- 
ever, the PFS2 differences 
among I alone, I+A, and I+A+C 
regimens were not statistically 
significant after correction for 
multiple comparisons.

The median OS for the I, I+C, 
I+A, and I+A+C groups were 
14.77 months (95% CI: 11.79-
17.75), 13.00 months (95% CI: 
12.42-13.58), 13.00 months 
(95% CI: 11.31-14.53), and 
12.40 months (95% CI: 8.66-
16.12), respectively (P = 0.325; 
Figure 3B). No statistically sig-
nificant differences in OS were 



ICIs as second-line retreatment for ESCC patients

7187	 Am J Transl Res 2025;17(9):7180-7194

group had a median OS of 12.92 months (95% 
CI: 11.79-14.05, P = 0.346). No statistically sig-
nificant differences were observed in either 
PFS2 or OS between patients who continued 
the same ICI versus those who switched to dif-
ferent agents (both P>0.05).

PD-L1 expression and survival correlation

Among the 83 patients with known PD-L1 sta-
tus (excluding 88 patients with unknown sta-
tus), 22 (26.5%) had CPS <1% and 61 (73.5%) 
had CPS ≥1%. PD-L1 expression demonstrated 
a significant association with PFS2 outcomes. 
Patients with CPS <1% had markedly superior 

ing rechallenge compared to first-line treatment 
(P<0.001). Among patients who experienced 
irAEs during second-line treatment, the objec-
tive response rate and disease control rate 
were not significantly different from those with-
out irAEs, in contrast to the well-established 
positive correlation observed during first-line 
ICI therapy. This suggests a potential decou-
pling of irAE occurrence from therapeutic effi-
cacy during ICI rechallenge.

Multivariable analysis for independent predic-
tors

In comprehensive multivariable Cox regression 
analysis, three independent predictors of PFS2 

Figure 3. Efficacy of Different Second-line Treatment Regimens. Kaplan-
Meier survival curves comparing four second-line treatment strategies. A. 
PFS2 analysis showing median values of 5.56 months for immunotherapy 
alone (I), 4.00 months for immunotherapy plus chemotherapy (I+C), 4.75 
months for immunotherapy plus antiangiogenic therapy (I+A), and 5.61 
months for triple combination (I+A+C) (P<0.001). After Bonferroni correc-
tion, I+C showed significantly inferior PFS2 compared to other regimens. 
B. Overall survival comparison revealing no statistically significant differ-
ences among treatment regimens (P = 0.325), with median OS ranging 
from 12.40 to 14.77 months across groups.

PFS2 compared to those with 
CPS ≥1% (P<0.001), with the 
PD-L1 negative group show- 
ing prolonged disease control. 
However, no significant differ-
ence in overall survival was 
observed between PD-L1 ex- 
pression groups (P = 0.495).

In Cox regression analysis, PD- 
L1 CPS ≥1% was associated 
with significantly increased risk 
of disease progression during 
second-line treatment. How- 
ever, PD-L1 expression was  
not an independent predictor 
of overall survival (HR 0.805, 
95% CI: 0.424-1.529, P = 
0.507).

irAEs and clinical response 
correlation

The pooled incidence of all-
grade and high-grade irAEs dur-
ing second-line ICI treatment 
reached 32.2% and 14.0%, 
respectively (Table 2). Recha- 
llenge did not significantly alter 
the incidence of all-grade or 
high-grade irAEs compared to 
initial ICI treatment (P =  
0.435). Hypothyroidism (22 ca- 
ses, 12.9%) and dermatitis (15 
cases, 8.8%) were the predomi-
nant irAEs during second-line 
treatment (Table 2).

Importantly, the clinical benefit 
response associated with irAEs 
was significantly reduced dur-
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were identified among the 83 patients with 
known PD-L1 status (Figure 4). First-line treat-
ment duration ≥180 days remained a strong 
independent predictor of improved PFS2 (HR 
1.689, 95% CI: 0.668-4.273, P = 0.268, though 
not statistically significant in this subset). The 
use of different ICI drugs in second-line treat-
ment was associated with improved PFS2  
(HR 2.290, 95% CI: 1.325-3.955, P = 0.003). 
Additionally, ECOG PS 3 showed a trend toward 
worse prognosis (HR 7.524, 95% CI: 0.859-
65.911, P = 0.068). For overall survival, no 
independent predictors reached statistical sig-
nificance in the multivariable model, likely due 
to the reduced sample size when excluding 
patients with unknown PD-L1 status and the 
relatively immature survival data.

Clinical response evaluation

Table 3 presents the patient counts and va- 
riations in optimal clinical responses among 
groups. Patients with PFS1 ≥180 days exhibit-
ed significantly higher proportions in PR (n = 13 
vs. 0, P<0.001), stable disease (n = 72 vs. 48, 
P = 0.004), disease control rate (n = 85 vs. 48, 
P = 0.01), objective response rate (n = 13 vs. 0, 
P<0.001), and durable clinical benefit (n = 22 
vs. 6, P<0.001) compared to those with PFS1 
<180 days.

first-line ICI-based therapy. Our findings show 
that ICI rechallenge is a viable therapeutic 
strategy with promising clinical outcomes,  
particularly for patients who initially demon-
strated prolonged benefit from first-line im- 
munotherapy.

The median PFS2 of 4.69 months and median 
OS of 13.04 months observed in our cohort 
compare favorably with historical controls and 
recent clinical studies. Our study supports 
these findings while providing additional in- 
sights into the biological and clinical factors 
influencing rechallenge efficacy.

A key finding of our analysis is the robust pre-
dictive value of first-line treatment duration 
≥180 days for rechallenge outcomes. Patients 
who received first-line ICI-based therapy for  
at least 6 months demonstrated significantly 
superior PFS2 and OS. Importantly, this surviv-
al advantage remained statistically significant 
even after controlling for potential confounding 
factors, including metastatic burden, ECOG PS, 
and age, through stratified log-rank analyses. 
This suggests that prolonged initial ICI benefit 
reflects intrinsic tumor biology and immune 
microenvironment characteristics that favor 
sustained immune activation upon rechallen- 
ge.

Table 2. IrAE characteristics
Characteristics Initial irAEs Sequential irAEs P value
IrAE events, n (%) 49 (28.7%) 55 (32.4%) 0.435
Type of irAE, n (%) 0.719
    Myocarditis 2 (1.2%) 0 (0)
    Bullous pemphigoid 1 (0.6%) 0 (0)
    Colitis 4 (2.3%) 3 (1.8%)
    Conjunctivitis 3 (1.8%) 2 (1.2%)
    Dermatitis 12 (7.0%) 15 (8.8%)
    Hypothyroidism 18 (10.5%) 22 (12.9%)
    Pneumonitis 9 (5.3%) 13 (7.6%)
Grade of irAE, n (%) 0.508
    1 22 (12.9%) 20 (11.7%)
    2 11 (6.4%) 11 (6.4%)
    3 16 (9.4%) 24 (14%)
Clinical response to ICI, n (%) <0.001
    PD 1 (0.6%)* 11 (6.4%)♢

    SD 31 (18.1%)* 39 (22.8%)♢

    PR/ORR 17 (9.9%)* 5 (2.9%)♢

Note: *The response in first-line ICI treatment; ♢The response in second-line ICI re-
treatment; Abbreviations: irAE, immune-related adverse events; PD, progressive 
disease; SD, stable disease; PR, partial response; ORR, objective response rate.

Regarding second-line regi-
mens, durable clinical bene- 
fit counts varied significantly 
across I, I+C, I+A, and I+A+C 
groups (14, 7, 2, and 5, respec-
tively; P = 0.012), whereas no 
statistically significant differ-
ences were observed in PR, 
SD, DCR, or ORR proportions. 
Furthermore, clinical respons-
es were unrelated to whether 
second-line immune therapies 
matched first-line treatments, 
confirming that drug consisten-
cy does not significantly im- 
pact treatment efficacy in the 
rechallenge setting.

Discussion

This multicenter retrospective 
study provides comprehensive 
real-world evidence on the effi-
cacy and safety of ICI rechal-
lenge in patients with advanc- 
ed ESCC who progressed after 
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The biological rationale for this observation 
likely relates to immune memory and the het-
erogeneous nature of acquired resistance to 
ICIs. Patients who initially benefit from pro-
longed ICI therapy may harbor tumors with pre-
served immune infiltration, lower mutational 
burden heterogeneity, or less aggressive resis-
tance mechanisms compared to those who 
rapidly progress. Furthermore, the treatment-
free interval between first-line progression and 
second-line initiation may allow for immune 
system recovery and restoration of anti-tumor 
immune responses, particularly in patients who 

lenge can achieve clinically meaningful out-
comes in appropriately selected patients.

Our analysis revealed important differences 
among second-line treatment regimens, with 
the immunotherapy plus chemotherapy (I+C) 
combination showing inferior PFS2 compared 
to other approaches. After applying Bonferroni 
correction for multiple comparisons, I+C dem-
onstrated significantly shorter median PFS2 
compared to immunotherapy alone, immuno-
therapy plus antiangiogenic therapy, and triple 
combination therapy.

Figure 4. Multivariable Cox Regression Analysis of Factors Associated with 
Second-line Treatment Outcomes. Forest plots showing hazard ratios (HR) 
and 95% confidence intervals from multivariable Cox regression analysis. A. 
Factors associated with progression-free survival during second-line treat-
ment (PFS2), demonstrating that different ICI drugs (HR 2.290, 95% CI: 
1.325-3.955, P = 0.003) and first-line treatment duration ≥180 days (HR 
1.689, 95% CI: 0.668-4.273, P = 0.268) were key predictive factors among 
patients with known PD-L1 status (n = 83). B. Factors associated with over-
all survival, showing that no independent predictors reached statistical sig-
nificance in the multivariable model, likely due to reduced sample size and 
relatively immature survival data. The vertical dashed line represents HR = 
1.0 (no effect), with points to the left favoring better outcomes and points 
to the right indicating worse prognosis.

initially demonstrated immune 
sensitivity.

When compared to the land-
mark ATTRACTION-3 trial, whi- 
ch established nivolumab as 
standard second-line therapy 
for ICI-naive ESCC patients,  
our rechallenge cohort demon-
strated comparable survival 
outcomes despite the inher-
ently more challenging patient 
population [10]. The ATTRAC- 
TION-3 study reported a medi-
an OS of 10.9 months with 
nivolumab versus 8.4 months 
with chemotherapy in patients 
who had not previously re- 
ceived ICIs [10]. Our median  
OS of 13.04 months in the 
rechallenge setting suggests 
that selected patients may 
derive substantial benefit from 
continued immunotherapy ra- 
ther than switching to conven-
tional chemotherapy or target-
ed agents.

This comparison highlights an 
important clinical consider-
ation: while ATTRACTION-3 and 
similar pivotal trials specifically 
excluded patients with prior ICI 
exposure, the current treat-
ment landscape requires evi-
dence-based strategies for the 
growing population of patients 
who progress after first-line 
immunotherapy. Our study fills 
this critical knowledge gap by 
demonstrating that ICI rechal-
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Table 3. Response to ICIs in 2nd-line immunotherapy

Response (n)
Immune drugs Regimens PFS1 (180 days)

Same Different p I I+C I+A I+A+C p Less More p
PD (n = 38) 17 19 0.977 (PD vs. SD) 11 17 7 3 0.457 (PD vs. SD) 36 2 <0.001 (PD vs. SD)
SD (n = 120) 57 63 0.644 (SD vs. PR) 41 37 27 15 0.211 (SD vs. PR) 48 72 0.004 (SD vs. PR)
PR (n = 13) 7 6 0.682 (PR vs. PD) 8 3 2 0 0.172 (PR vs. PD) 0 13 <0.001 (PR vs. PD)
ORR (n = 13) 7 (9%) 6 (7%) 0.712 (ORR vs. DCR) 8 (13%) 3 (5%) 2 (6%) 0 0.297 (ORR vs. DCR) 0 13(15%) 0.01 (ORR vs. DCR)

0.657 (ORR vs. non-ORR) 0.222 (ORR vs. non-ORR) <0.001 (ORR vs. non-ORR)
DCR (n = 133) 64 (79%) 68 (77%) 0.843 (DCR vs. DCB) 49 (82%) 40 (70%) 29 (76%) 15 (83%) 0.086 (DCR vs. DCB) 48 (57%) 85 (97%) 0.186 (DCR vs. DCB)

0.893 (DCR vs. non-DCR) 0.405 (DCR vs. non-DCR) <0.001 (DCR vs. non-DCR)
DCB (n = 28) 13 15 0.658 (DCB vs. ORR) 14 2 7 5 0.481 (DCB vs. ORR) 6 22 0.152 (DCB vs. ORR)

0.836 (DCB vs. non-DCB) 0.012 (DCB vs. non-DCB) 0.001 (DCB vs. non-DCB)
Note: PFS, progress-free survival; PD-1, programmed death 1; SD, stable disease; PR, partial response; PD, progressive disease; CR, complete response; ORR, objective response rate; DCR, disease control 
rate; DCB, durable clinical benefit.
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The inferior performance of I+C regimens in the 
rechallenge setting contrasts with the estab-
lished benefit of immunochemotherapy combi-
nations in treatment-naive patients. Several 
mechanisms may explain this paradox. First, 
chemotherapy-induced lymphodepletion and 
immune suppression may be more pronounced 
in patients with prior ICI exposure, potentially 
counteracting the immune-stimulating effects 
of checkpoint inhibition. Second, patients who 
progress after first-line immunochemotherapy 
may have developed cross-resistance mecha-
nisms that affect both immune and cytotoxic 
pathways simultaneously. Third, the selection 
of chemotherapy agents in the rechallenge set-
ting often involves drugs with different mecha-
nisms of action compared to first-line therapy, 
which may not synergize optimally with ICIs in 
the context of acquired resistance.

Conversely, the addition of antiangiogenic 
agents to immunotherapy appeared to main-
tain efficacy, with I+A and I+A+C regimens 
showing comparable PFS2 to immunotherapy 
alone. This observation aligns with emerging 
evidence suggesting that VEGF pathway inhibi-
tion can enhance immune infiltration and over-
come certain resistance mechanisms by nor-
malizing tumor vasculature and reducing im- 
munosuppressive factors within the tumor 
microenvironment.

One of the most intriguing findings of our stu- 
dy was the paradoxical relationship between 
PD-L1 expression and rechallenge efficacy. 
Contrary to expectations based on first-line ICI 
therapy data, patients with PD-L1 CPS <1% 
demonstrated significantly superior PFS2 com-
pared to those with CPS ≥1%. However, this dif-
ference did not translate into an overall survival 
benefit, suggesting complex dynamics in the 
rechallenge setting.

Several hypotheses may explain this counterin-
tuitive finding. First, PD-L1 expression patterns 
may evolve during first-line therapy and the 
treatment-free interval, with adaptive upre- 
gulation of PD-L1 potentially indicating more 
aggressive tumor biology or alternative resis-
tance pathways rather than retained immune 
sensitivity. Second, patients with initially low 
PD-L1 expression who achieved prolonged dis-
ease control with first-line therapy may repre-
sent a biologically distinct subset with pre-
served immune surveillance mechanisms that 

remain responsive to rechallenge. Third, the 
predictive value of PD-L1 expression may differ 
fundamentally in the rechallenge setting com-
pared to treatment-naive patients, requiring 
alternative biomarker strategies for patient 
selection.

This finding has important clinical implications 
and challenges the routine use of PD-L1 expres-
sion as a biomarker for ICI rechallenge deci-
sions. Future studies should investigate dynam-
ic changes in PD-L1 expression and explore 
alternative biomarkers, such as tumor muta-
tional burden, immune infiltration patterns, and 
resistance pathway activation in the rechal-
lenge setting.

Our analysis revealed a significant dissocia- 
tion between irAEs and treatment efficacy dur-
ing ICI rechallenge, representing a departure 
from established patterns observed in first-line 
therapy. While the overall incidence of irAEs 
remained comparable between first-line and 
rechallenge treatments, the positive correla-
tion between irAE occurrence and clinical  
benefit was significantly attenuated during 
rechallenge.

This irAE-efficacy decoupling phenomenon may 
reflect several underlying mechanisms. First, 
prior ICI exposure may lead to immune system 
exhaustion or tolerance, reducing overall im- 
mune reactivity, which in turn affects both anti-
tumor responses and autoimmune manifesta-
tions. Second, patients who tolerated first-line 
ICIs without significant irAEs may have intrinsic 
factors that limit both beneficial and detrimen-
tal immune activation upon rechallenge. Third, 
the use of immunosuppressive medications for 
first-line irAE management may have long-last-
ing effects on immune system function, which 
persist into the rechallenge period.

From a clinical perspective, this finding sug-
gests that the absence of irAEs during rechal-
lenge therapy should not be interpreted as a 
lack of treatment efficacy, contrary to conven-
tional wisdom derived from first-line ICI studies. 
Healthcare providers should avoid premature 
treatment discontinuation based solely on the 
absence of immune-related toxicity during re- 
challenge therapy.

Contrary to some previous reports in other 
tumor types, our study found no significant dif-
ference in efficacy between patients who con-
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tinued the same ICI agent and those who 
switched to different anti-PD-1/PD-L1 antibod-
ies for rechallenge therapy. This suggests that 
the class effect of PD-1/PD-L1 inhibition may 
be more important than agent-specific charac-
teristics in the rechallenge setting.

However, in multivariable analysis limited to 
patients with known PD-L1 status, the use  
of different ICI agents was associated with 
improved PFS2. This apparent contradiction 
may be explained by patient selection bias, dif-
ferences in combination partners, or unmea-
sured confounding factors. The clinical signifi-
cance of this finding requires validation in pro-
spective studies with standardized treatment 
protocols.

Several limitations must be acknowledged in 
interpreting our results. First, the retrospective 
design introduces potential selection and infor-
mation bias, though the multicenter approach 
and comprehensive data collection help miti-
gate these concerns. Second, the heterogene-
ity in first-line treatment regimens, rechallenge 
timing, and combination strategies reflects 
real-world clinical practice but may confound 
treatment comparisons. Additionally, the rela-
tively short follow-up and immature survival 
data limit conclusions about long-term out- 
comes.

The high proportion of patients with unknown 
PD-L1 status (51.5%) represents a significant 
limitation that may affect the generalizability of 
our biomarker findings. This reflects the chal-
lenges of obtaining adequate tissue for bio-
marker testing in the advanced disease sett- 
ing and highlights the need for liquid biopsy 
approaches or alternative tissue sampling 
strategies.

Our findings establish several important re- 
search priorities for optimizing ICI rechallenge 
strategies. First, prospective validation of the 
180-day first-line duration cutoff as a predic-
tive biomarker is essential, potentially through 
biomarker-driven clinical trials. Second, investi-
gating dynamic biomarker changes during the 
treatment-free interval may identify additional 
predictive factors beyond static tissue-based 
markers. Third, exploring novel combination 
strategies that address acquired resistance 
mechanisms while minimizing overlapping tox-
icities is a critical research direction.

The development of liquid biopsy approaches 
for monitoring immune system evolution and 
resistance pathway activation during ICI rechal-
lenge offers particular promise for precision 
medicine applications. Additionally, investigat-
ing the optimal timing for rechallenge initia- 
tion, duration of treatment-free intervals, and 
sequencing with other therapeutic modalities 
requires systematic study.

Based on our findings, we propose a clinical 
algorithm for ICI rechallenge decision-making  
in advanced ESCC. Patients who derived pro-
longed benefit (≥180 days) from first-line ICI-
based therapy represent optimal candidates 
for rechallenge, regardless of PD-L1 expre- 
ssion status. For these patients, immunothera-
py alone or in combination with antiangiogenic 
agents appears preferable to immunochemo-
therapy combinations. The absence of irAEs 
during rechallenge should not prompt treat-
ment discontinuation in patients with stable 
disease or clinical benefit.

For patients with shorter first-line benefit (<180 
days), ICI rechallenge may still be considered, 
but alternative treatment strategies or clinical 
trial participation should be prioritized. The 
decision should incorporate performance sta-
tus, disease burden, and patient preferences 
while acknowledging the more limited expected 
benefit.

In conclusion, this comprehensive real-world 
analysis demonstrates that ICI rechallenge  
represents a feasible and effective treatment 
strategy for selected patients with advanced 
ESCC who progress after first-line immunother-
apy. The duration of first-line ICI benefit emerg-
es as the most robust predictive factor for 
rechallenge efficacy, while traditional biomark-
ers such as PD-L1 expression show paradoxical 
associations that require further investigation. 
The decoupling of irAEs from treatment efficacy 
during rechallenge represents an important 
clinical observation that should inform treat-
ment monitoring strategies.

Our findings support the integration of ICI 
rechallenge into standard treatment algorithms 
for advanced ESCC while highlighting the need 
for biomarker-driven patient selection and opti-
mized combination strategies. Future prospec-
tive studies should focus on validating predic-
tive biomarkers, exploring novel combination 
approaches, and defining optimal treatment 
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sequencing to maximize the therapeutic po- 
tential of immunotherapy in this challenging 
patient population.
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Figure S1. Patient selection flowchart for ESCC patients receiving second-line ICI rechallenge therapy. Flowchart 
showing the selection process for patients with histologically confirmed esophageal squamous cell carcinoma 
(ESCC) treated from December 2021 to November 2024 across multiple centers. Patients underwent screening 
based on inclusion criteria (age ≥18 years, unresectable advanced/metastatic/recurrent disease, prior first-line ICI 
therapy, radiologically confirmed disease progression by RECIST v1.1) and exclusion criteria. The final study cohort 
comprised 171 patients with ESCC receiving second-line ICI rechallenge therapy, stratified by progression-free sur-
vival from first-line therapy (PFS1 <180 days vs ≥180 days) and ICI drug selection (same vs different agent). ESCC, 
esophageal squamous cell carcinoma; ICI, immune checkpoint inhibitor; ECOG PS, Eastern Cooperative Oncology 
Group Performance Status; RECIST, Response Evaluation Criteria in Solid Tumors; PFS1, progression-free survival 
from first-line therapy.


