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Purpose: This study aims to investigate the efficacy and safety of PD-1/PD-L1
inhibitors in the first-line treatment of esophageal squamous cell carcinoma
(ESCC) and identify factors influencing efficacy through a meta-analysis of
multiple phase 3 randomized controlled trials (RCTs).

Methods: A systematic literature search was conducted in Cochrane, PubMed,
and Embase databases. Two researchers independently extracted trial data,
including efficacy-related outcomes such as overall survival (OS), progression-
free survival (PFS), objective response rate (ORR), and duration of response (DoR),
along with their subgroup data and safety-related indicators. The overall hazard
ratio (HR) and 95% confidence interval (Cl) were calculated for OS and PFS, while
the overall odds ratio (OR) and 95% Cl were computed for ORR to compare the
classification and predictive abilities of combined positive score (CPS) and tumor
proportion score (TPS) for PD-L1 status. Additionally, survival outcomes across
different subgroups were evaluated to explore the potential influencing factors
for the efficacy of PD-1/PD-L1 inhibitors in ESCC.

Results: This meta-analysis included eight phase 3 RCTs encompassing 4,479
participants. PD-1/PD-L1 inhibitors combined with chemotherapy significantly
improved OS (HR: 0.68, 95% CI: 0.63-0.74) and PFS (HR: 0.62, 95% CI: 0.58-0.67)
in ESCC patients compared to non-combination therapy. Patients with higher
PD-L1 expression (CPS>1 or TPS>1) demonstrated superior responses to PD-1/
PD-L1 inhibitions, with CPS identified as a stronger predictor of therapeutic
benefit, particularly at a threshold of CPS =10. Subgroup analysis revealed that
male, Asian, smoking, and liver metastasis patients exhibited a greater trend
toward improved disease control with PD-1/PD-L1 inhibitors. However, there
was no significant difference in treatment efficacy between immune therapy
combined with TP (taxol [paclitaxell + cisplatin) and FP (5-fluorouracil [5-FU] +
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cisplatin) regimens (Pos=0.51, Pprs=0.11). Finally, PD-1/PD-L1 inhibition was
associated with a higher incidence of grade >3 adverse events compared to
chemotherapy alone (HR: 1.21, 95% CI: 1.07-1.37).

Conclusions: This study confirms that the combination of PD-1/PD-L1 inhibitors
and chemotherapy provides significant clinical benefits in ESCC. CPS =10 serves
as a key threshold for predicting treatment response. There is a trend suggesting
that male, Asian, smoking, and liver metastasis patients may experience better
survival benefits, while no significant difference was observed between TP- and

FP-based regimens.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero,
identifier CRD42024536221

PD-1/PD-L1 inhibitor, esophageal squamous cell carcinoma, meta-analysis,
immunotherapy, combined positive score

1 Introduction

Esophageal cancer is a highly aggressive malignancy of the
digestive system and ranks as the seventh leading cause of cancer-
related deaths globally (1). Esophageal squamous cell carcinoma
(ESCC), which arises from the squamous epithelium of the
esophagus, predominantly affects the upper and middle
esophageal segments. Due to its highly invasive nature and often
asymptomatic or absence of specific early symptoms, it is frequently
diagnosed at an advanced stage, with a poor prognosis and a five-
year survival rate of approximately 20% (2, 3). The incidence of
ESCC is notably higher in Asia, Africa, and South America
compared to Western countries (4). Notably, in high-incidence
regions such as China, ESCC accounts for more than 90% of
esophageal cancer cases (5-7).

The primary treatment modalities for ESCC include surgery,
radiotherapy, and chemotherapy (8). Currently, the predominant
treatment approaches involve immune checkpoint inhibitors (ICIs)
combined with chemotherapy or ICIs alone. For first-line
chemotherapy, there are two main options: TP (taxol [paclitaxel]
+ cisplatin) and FP (5-fluorouracil [5-FU] + cisplatin) (9, 10). In
recent years, ICIs have emerged as a promising therapeutic strategy
for esophageal cancer, garnering increasing attention. Previous
studies have shown that ICIs enhance anti-tumor immunity by
blocking immune checkpoint molecules, thereby restoring the
immune system’s ability to recognize and attack tumor cells
(11, 12). Among ICIs, programmed death 1 (PD-1) and
programmed death ligand 1 (PD-L1) inhibitors are of particular
significance. PD-L1, an immune inhibitory molecule expressed on
activated T cells, B cells, and natural killer (NK) cells, binds to the
PD-1 receptor, suppressing T-cell activation and enabling tumor
cells to evade immune surveillance.
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Several clinical trials and meta-analyses have demonstrated that
combining PD-1 inhibitors with chemotherapy improves overall
survival (OS) and progression-free survival (PFS) in patients with
locally advanced, metastatic, or recurrent ESCC (13-15). However,
the optimal chemotherapy regimen to be used in combination with
PD-1 inhibitors remains unclear. The efficacy of PD-1 inhibitors in
combination with either the FP or TP chemotherapy regimen has
shown variability across difterent randomized controlled trials
(RCTs). A recent meta-analysis (13), which included 10 trials,
suggested that for advanced, metastatic, or recurrent ESCC, first-
line treatment with ICIs+TP may offer superior outcomes
compared to ICIs+FP. The ICIs+TP regimen showed significantly
better OS and response rates compared to ICIs+FP. In addition,
patients receiving ICIs+FP tend to experience more gastrointestinal
toxicities, whereas those treated with ICIs+TP are more prone to
hematologic toxicities. In clinical decision-making, both the efficacy
and toxicity profiles of ICIs, along with the patient’s overall
condition, must be carefully considered.

Additionally, PD-L1 expression levels may be associated with
clinical benefits in ESCC patients. Previous studies have found that
high PD-L1 expression in non-small cell lung cancer (NSCLC)
patients is associated with improved efficacy of PD-1/PD-L1
inhibitors (16). However, there is no clear consensus regarding
this relationship in ESCC. Two common immunohistochemical
methods for assessing PD-L1 expression are the combined positive
score (CPS) and the tumor proportion score (TPS). TPS measures
the proportion of tumor cells with PD-L1 expression on their
membranes, while CPS accounts for PD-L1 expression on both
tumor and immune cells relative to the total number of tumor cells
(17, 18). Despite these methods, there is no established consensus
on the optimal scoring system or threshold for predicting the
efficacy of PD-1/PD-L1 inhibitors in cancer patients (19).
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In summary, the current study aims to explore the efficacy and
safety of PD-1/PD-L1 inhibitors in the treatment of ESCC and
identify factors influencing therapeutic outcomes through a
meta-analysis of multiple phase IIT RCTs.

2 Materials and methods
2.1 Search strategy

The current study conducted a systematic literature search across
multiple databases, including Cochrane (all fields), PubMed, and
Embase, covering studies from database inception to July 31, 2024.
This study has been registered on the PROSPERO website with
registration number CRD42024536221. The search strategy utilized
the following keywords: ((esophageal squamous cell carcinoma) OR
(esophageal squamous cell cancer) OR (esophageal cancer) OR
(esophageal carcinoma)) AND ((serplulimab) OR (sintilimab) OR
(Nivolumab) OR (camrelizumab) OR (sugemalimab) OR
(Toripalimab) OR (Pembrolizumab) OR (tislelizumab) OR (Immune
checkpoint inhibition) OR (PD-1) OR (PD-L1)) AND (placebo OR
chemotherapy) AND ((progression-free survival) OR PFS OR (overall
survival) OR OS OR (objective response) OR ORR OR (duration of
response) OR DoR OR (patient reported outcome) OR PRO OR pain
OR (quality of life) OR QoL OR (use of other subsequent therapy*) OR
(performance status deterioration) OR (time to clinical progression)
OR (time to disease progression) OR (time to pain progression) OR

10.3389/fimmu.2025.1563300

(disease response rate) OR safety OR tolerability OR (adverse
outcome*) OR (adverse event*) OR AE) AND (trial* OR random*).
A PRISMA flow diagram illustrating the study selection process is
presented in Figure 1.

2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) The study participants were
diagnosed with ESCC. (2) The studies were phase III RCTs of ESCC.
(3) Efficacy was evaluated based on PD-L1 metrics, either CPS or TPS.
(4) The studies involved first-line treatment regimens. (5) The RCT
interventions included PD-1/PD-L1 inhibitors with or without
chemotherapy. (6) The studies reported available efficacy outcomes.

Exclusion criteria were as follows: (1) Studies in which the
population or interventions did not meet the inclusion criteria. (2)
Studies that did not report the outcomes of interest.

2.3 Data extraction and quality assessment

Two researchers independently extracted data from each trial,
including the following: (1) Study details: clinical trial name, first
author, publication year, country, registered NCT number, and
RCT phase. (2) Participant information: sample sizes for the control
and intervention groups, median/mean age, and follow-up
duration. (3) Group information: intervention and drug dosages,

Identification of studies via databases and registers

FIGURE 1
Flow diagram of the identification of eligible studies
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control group measures and drug dosages. (4) Efficacy outcomes:
OS, PES, objective response rate (ORR), duration of response
(DoR), and subgroup data. (5) Safety outcomes: Incidence rates of
any adverse events and serious adverse events.

2.4 Statistical analysis

All analyses were conducted using R software (version 4.2.2).
First, the overall hazard ratios (HRs) and 95% confidence intervals
(CIs) for OS and PFS were calculated, along with overall odds ratios
(ORs) and 95% Cls, to evaluate the efficacy and safety of PD-1/PD-
L1 inhibitors in ESCC. Next, the influence of different PD-L1
expression levels on survival outcomes was analyzed, comparing
the classification and predictive capabilities of CPS and TPS for PD-
L1 status. Finally, survival outcomes across different subgroups
were assessed to identify potential factors influencing the efficacy of
PD-L1 inhibitors in ESCC treatment. The I” statistic was used to
assess the heterogeneity among studies, with an I value of <50%
indicating low heterogeneity, warranting the use of a fixed-effects
model, and an I” 250% indicating high heterogeneity, necessitating
a random-effects model. A two-sided p-value of <0.05 was
considered statistically significant.

TABLE 1 Characteristics of the included trials.

10.3389/fimmu.2025.1563300

3 Results
3.1 Study characteristics

A total of 1,806 relevant articles were identified in the literature
search. After excluding 344 duplicate records and 1451 articles
that did not meet the inclusion criteria, 9 full-text articles
and 2 conference abstracts were included in the final analysis
(10, 14, 15, 20-27). The nine articles covered eight phase III
RCTs, including two subgroup analyses of the KEYNOTE-590
and CheckMate 648 trials in the Japanese population. Relevant
baseline characteristics are summarized in Table 1. A total of 4,479
patients were included across the 8 RCTs, all of which focused on
first-line treatments. Among these trials, three studies compared the
treatment efficacy of PD-1/PD-L1 inhibitors combined with FP
regimens versus placebo plus FP regimens, while another 3 trials
assessed the treatment outcomes of PD-1/PD-L1 inhibitors
combined with TP regimens versus placebo plus TP regimens.
Additionally, one trial compared the efficacy of PD-1 inhibitors
plus chemotherapy against a combination of PD-1 inhibitors and
CTLA-4 inhibitors in immunotherapy for ESCC. The ORIENT-15
and RATIONALE-306 trials further compared the efficacy of
immunotherapy combined with different chemotherapy regimens.

L . HR for OS HR for PFS DoR
Clinical Trials Group \| (95%Cl) (95%Cl) ORR (%) e
ASTRUM-007 serplulimab + FP 368 | 0.68(0.53,0.87) 0.6(0.48,0.75) 57.61% @ 6.9(5.6,8.3)

placebo + FP 183 42.08% | 4.6(4.1,5.6)
CheckMate 648 nivolumab + FP 321 | 0.74(0.58,0.96) 0.81(0.64,1.04) 47.35% 82 (6.9,9.7)
nivolumab + ipilimumab 325 27.69% | 11.1(8.3,14.0)
FP 324 26.85% | 7.1 (5.7,8.2)
ESCORT-1st camrelizumab + TP 298 | 0.70(0.56,0.88) 0.56(0.46,0.68) 72.15% | 7.0(6.1,8.9)
placebo + TP 298 62.08% | 4.6(4.3,5.5)
GEMSTONE-304 Sugemalimab + TP 358 | 0.70(0.55,0.90) 0.67(0.54,0.82) 58.38% | 6.0(5.5,7.0)
Placebo + TP 182 43.96% @ 4.5(4.1,5.3)
JUPITER-06 Toripalimab + TP 257 | 0.58(0.43,0.78) 0.58(0.46,0.74) 69.26% | 5.6(4.48.7)
Placebo + TP 257 52.14% @ 4.2(4.2,44)
KEYNOTE-590 pembrolizumab + FP 373 | 0.73(0.61,0.88) 0.65(0.54,0.78) 45.04% = 8.3(1.2,31.0)
Placebo + FP 376 29.26% = 6.0(1.5,25.0)
ORIENT-15 sintilimab + chemo(EP or TP) 327 | 0.63(0.51,0.78) 0.56(0.46,0.68) 66.06% = 9.7(7.1,13.7)
placebo + chemo(FP or TP) 332 45.48% | 6.9(5.6,7.2)
RATIONALE-306 Tislelizumab + chemo(FP 326 | 0.66(0.54,0.80) 0.62(0.52,0.75) 63.50% | 7.1(6.1,8.1)
or TP)
Placebo + chemo(FP or TP) 323 4241% | 5.7(4.4,7.1)
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3.2 Long-term efficacy outcomes: overall
survival and progression-free survival

A meta-analysis was performed to evaluate OS and PFS based
on data from the 8 included RCTs, as shown in Figure 2. Compared
to non-combination therapies, the addition of PD-1/PD-L1
inhibitors to chemotherapy significantly prolonged OS in ESCC
patients (P = 0%, HR: 0.68, 95% CI: 0.63-0.74). Similarly, the
combination of PD-1/PD-L1 inhibitors with chemotherapy showed
a better PFS compared to chemotherapy alone for ESCC patients
(P = 11%, HR: 0.62, 95% CI: 0.58-0.67).

3.3 PD-L1 status

CPS and TPS are commonly used scoring systems for evaluating
PD-L1 expression. The present study analyzed treatment outcomes
in patients with varying PD-L1 expression levels, comparing the
classification thresholds of CPS and TPS and their correlation with
therapy selection and prognosis.

Patients with high PD-L1I expression showed a better response to
PD-1/PD-LI inhibitor therapy, with a lower risk of death compared

A

Study HR 95%-ClI
ASTRUM-007 0.68 [0.53; 0.87]
CheckMate 648 0.74 [0.58; 0.96]
ESCORT-1st 0.70 [0.56; 0.88]
GEMSTONE-304 0.70 [0.55; 0.90]
JUPITER-06 0.58 [0.43; 0.78]
KEYNOTE-590 0.73 [0.61; 0.88]
ORIENT-15 0.63 [0.51; 0.78]
RATIONALE-306 0.66 [0.54; 0.80]
Common effect model 0.68 [0.63; 0.74]
Random effects model 0.68 [0.63; 0.74]
Heterogeneity: /2 = 0.0%, ©° = 0, p = 0.9024

B

Study HR 95%-Cl
ASTRUM-007 0.60 [0.48; 0.75]
CheckMate 648 0.81 [0.64; 1.04]
ESCORT-1st 0.56 [0.46; 0.68]
GEMSTONE-304 0.67 [0.54; 0.82]
JUPITER-06 0.58 [0.46; 0.74]
KEYNOTE-590 0.65 [0.54; 0.78]
ORIENT-15 0.56 [0.46; 0.68]
RATIONALE-306 0.62 [0.52; 0.75]
Common effect model 0.62 [0.58; 0.67]
Random effects model 0.62 [0.58; 0.67]

Heterogeneity: 12 =11.4%, ©° < 0.0001, p=0.3411

FIGURE 2

10.3389/fimmu.2025.1563300

to those with low PD-L1 expression, as illustrated in Figure 3.
Subgroup analysis based on different CPS thresholds revealed
significant differences between groups (P=0.03). In patients with
CPS <1, there was no significant difference in the risk of death
between those receiving PD-1/PD-L1 inhibitors combined with
chemotherapy and those receiving chemotherapy alone (I = 3%,
HR: 0.83, 95% CI: 0.58-1.18). However, in patients with CPS >1, the
combination of PD-1/PD-L1 inhibitors with chemotherapy reduced
the risk of death compared to the control group (I2 = 0%, HR: 0.65,
95% CI: 0.58-0.73). For patients with CPS =10, the reduction in death
risk with the combination therapy was even more pronounced
compared to those with CPS <10 (P = 0%, HR: 0.61, 95% CI: 0.54-
0.69, versus 1°’=0%, HR: 0.77, 95% CI: 0.69-0.87, P<0.01). Subgroup
analysis based on TPS thresholds did not yield significant differences
between groups (P=0.07). Compared to patients with TPS <1% (I* =
61%, HR: 0.77, 95% CI: 0.60-0.98), those with TPS >1% experienced a
reduction in the risk of death with the combination therapy
compared to the control group (I = 0%, HR: 0.62, 95% CI: 0.54-
0.72). Similarly, in patients with TPS >10%, the reduction in death
risk with the combination therapy was slightly more pronounced
than in those with TPS <10% (I? = 0%, HR: 0.74, 95% CI: 0.62-0.87,
versus I = 0%, HR: 0.59, 95% CI: 0.46-0.75, P=0.14).

Weight Weight
Hazard Ratio (common) (random)
—ﬂ— 10.4% 10.4%
—_— 10.0% 10.0%
—— 12.5% 12.5%
— 10.5% 10.5%
——— 7.2% 7.2%
—T— 18.9% 18.9%
— 14.1% 14.1%
+ 16.5% 16.5%
j
< 100.0% '
> 100.0%
I T 1
05 0.75 1 15
Weight Weight
Hazard Ratio (common) (random)
+ 10.6% 10.6%
— 9.0% 9.0%
— 13.8% 13.8%
—— 121%  121%
—— 9.3% 9.3%
+ 15.6% 15.6%
— 13.8% 13.8%
—!— 15.7% 15.7%
<> 100.0%
< 100.0%
I 1
05 1 2

Compared with the control group, the overall Hazard Ration and 95% Confidence Interval (Cl) of OS (A) and PFS (B) in patients treated with a

combination therapy of PD-1/PD-L1 inhibitors and chemotherapy.
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Weight  Weight
Study HR 95%—Cl Hazard Ratio (common) (random)
PD-L1 CPS<1
CheckMate 648 098 [0.50; 1.95] 1.0% 1.0%
GEMSTONE-304 063 [0.32;1.24] 1.0% 1.0%
JUPITER-06 061 [0.30; 1.25] 09%  09%
ORIENT-15 1.32 [0.63;2.77] 08%  08%
Common effect model 0.83 [0.58; 1.18] < 3.7% .
Random effects model  0.83  [0.58; 1.18] g . 37%
Heterogeneity: 12 = 2.9%, * = < 0.0001, p = 0.3781
PD-L1 CPS21
ASTRUM-007 0.68 [0.53;0.87] —— T4%  T4%
CheckMate 648 0.69 [0.56; 0.84] - 1.0%  11.0%
GEMSTONE-304 073 [0.45;1.16] 20%  20%
JUPITER-06 0.61 [0.44; 0.87] —— 3.9% 3.9%
ORIENT-15 059 [0.47;0.74) —- 88%  8.8%
Common effect model 065  [0.58;0.73] < 33.1% -
Random effects model ~ 0.65  [0.58;0.73] % .33y
Heterogeneity: /2 = 0%, t* = 0, p = 0.8230
Heterogeneity between groups: p=0.20
PD-L1 CPS<10
CheckMate 648 078 [0.60;1.01] —— 67%  67%
GEMSTONE-304 0.85 [0.61;1.16] b 44%  44%
JUPITER-06 0.61 [0.40; 0.93] 25%  25%
KEYNOTE-590 0.86 [0.68; 1.10] — 7.8% 7.8%
ORIENT-15 062 [0.45:0.85] —— 45%  45%
RATIONALE-306 0.82 [0.62; 1.08] - 59%  59%
Common effect model 077 [0.69;0.87] & 31.8% s
Random effects model 0.77 [0.69; 0.87] g s 31.8%
Heterogeneity: 12 = 0%, t* = 0, p = 0.5034
PD-L1 CPS210
ASTRUM-007 059  [0.40;0.88] —_— 29%  29%
CheckMate 648 0.63 [0.47,0.84] —— 5.4% 5.4%
GEMSTONE-304 057 [0.39; 0.83] —— 32%  32%
JUPITER-06 064  [0.40;1.03] 20%  20%
KEYNOTE-590 062 [0.49;0.78] —=— 84%  84%
ORIENT-15 0.64 [0.48; 0.85] = 5.5% 5.5%
RATIONALE-306 057 [0.41; 0.80] —— 41%  41%
Common effect model 061  [0.54;0.69] < 31.5% .
Random effects model ~ 0.61  [0.54; 0.69] . 315%
Heterogeneity: 12 = 0%, ©= 0, p = 0.9976
Heterogeneity between groups: p<0.01
‘Common effect model 0.68 [0.64;0.73] < 100.0% #
Random effects model 0.68 [0.64;0.73] R . 100.0%

T 1
Heterogeneity: 12 = 0.0%, ©* = 0, p = 0.6011 05 1 &
Test for subgroup differences (common effect): x = 9.29, df = 3 (p = 0.0256)
Test for subgroup differences (random effects): ;= 9.29, df = 3 (p = 0.0256)
FIGURE 3
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B

Weight Weight
Study HR 95%~Cl Hazard Ratio (common) (random)
PD-L1TPS<1% '
CheckMate 648 0.98 [0.76; 1.28] | —— 10.4% 9.6%
ESCORT-1st 0.79 [0.57;1.11] — 6.4% 71%
ORIENT-15 0.55 [0.40; 0.75] — 71% 7.7%
RATIONALE-306 0.79 [0.57;1.09] 6.7% 7.4%
Common effect model 0.78 [0.67;0.91] > 30.6% -
Random effects model 0.77 [0.60; 0.98] < . 31.8%
Heterogeneity: /% = 61.1%, 1 = 0.0370, p = 0.0525
PD-L1 TP21%
CheckMate 648 0.55 [0.42;0.72] —— 9.7% 9.3%
ESCORT-1st 059 [0.43; 0.80] —— 7.3% 7.8%
ORIENT-15 0.71 [0.53; 0.95] — 8.3% 8.4%
RATIONALE-306 0.65 [0.49; 0.87] —n— 8.6% 8.6%
‘Common effect model 0.62 [0.54; 0.72] g 33.9% ¢
Random effects model 0.62 [0.54; 0.72] @ " 34.1%
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Forest plot of subgroup analysis comparing the overall survival HR in patients who received PD-1/PD-L1 inhibitor-based therapy versus
chemotherapy based on different PDL1 expression levels of CPS (A) and TPS (B).

Moreover, patients with higher PD-L1 expression levels
experienced more effective disease control and better PFS benefits
with PD-1/PD-L1 inhibitor therapy compared to those with lower
PD-LI1 expression levels, as shown in Figure 4. Subgroup analysis
based on CPS thresholds revealed significant differences between
groups (P=0.05). In patients with CPS<1, PD-1/PD-L1 inhibitor
therapy did not significantly delay disease progression compared to
chemotherapy alone (12 = 0%, HR: 0.70, 95% CI: 0.50-0.99).
However, in patients with CPS>1, the combination of PD-1/PD-
L1 inhibitors and chemotherapy effectively controlled disease
progression compared to the control group (I° = 0%, HR: 0.57,
95% CI: 0.49-0.65). In patients with CPS>10, the combination
therapy showed a greater reduction in disease progression
compared to those with CPS<10 (12 = 0%, HR: 0.54, 95% CI:
0.47-0.61, versus I’ = 60%, HR: 0.67, 95% CI: 0.50-0.78, P=0.09).
Subgroup analysis based on TPS thresholds did not show significant
differences between groups (P=0.31). Compared to patients
with TPS<1% (I? = 80%, HR: 0.68, 95% CI: 0.47-0.96), those with
TPS>1% experienced a slight delay in disease progression with the
combination therapy compared to the control group (I = 0%, HR:
0.57, 95% CI: 0.48-0.67). Additionally, compared to patients with
TPS <10% (HR: 0.56, 95% CI: 0.44-0.71), those with TPS >10%
experienced better disease control with combined PD-1/PD-L1
inhibitors and chemotherapy (HR: 0.54, 95% CI: 0.39-0.74).
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3.4 Subgroup analysis

Results of the subgroup analysis are presented in Figures 5, 6.
The OS and PFS HRs for patients receiving combination therapy
were analyzed based on demographic and clinical characteristics,
including age, gender, race, smoking status, Eastern Cooperative
Oncology Group (ECOG) performance status, liver metastasis,
recurrence status, and first-line chemotherapy regimen. Figure 5
depicts survival improvements across different subgroups treated
with PD-1/PD-L1 inhibitors. Male patients showed a slight trend
toward better OS improvement with combination therapy
compared to female patients (I’ = 0%, HR: 0.67, 95% CI: 0.60-
0.74, versus I° = 47%, HR: 0.72, 95% CI: 0.54-0.97, P=0.59).
Similarly, Asian patients tended to show better OS outcomes
from PD-L1 inhibitors plus chemotherapy compared to non-
Asian patients (12 = 0%, HR: 0.68, 95% CI: 0.62-0.74, versus P =
0%, HR: 0.77, 95% CI: 0.65-0.91, P=0.18). Smokers showed a trend
toward greater OS benefit from combination therapy compared to
non-smokers (¥ = 0%, HR: 0.69, 95% CI: 0.61-0.78, versus I* = 0%,
HR: 0.73, 95% CI: 0.59-0.91, P=0.66). Patients with liver metastases
tended to have a greater reduction in mortality risk with
immunotherapy compared to those without liver metastases (I° =
0%, HR: 0.62, 95% CI: 0.48-0.80, versus I = 0%, HR: 0.69, 95%
CI: 0.60-0.79, P=0.46). Regarding chemotherapy regimens,
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patients receiving PD-1/PD-L1 inhibitors combined with TP
demonstrated similar OS benefits to those receiving PD-1/PD-L1
inhibitors plus FP (I* = 0%, HR: 0.67, 95% CI: 0.50-0.74, versus I° =
0%, HR: 0.70, 95% CI: 0.63-0.79, P=0.51). Additionally, subgroup
analyses revealed comparable OS benefits among patients with
different ECOG scores, progression statuses, recurrence statuses,
and among those aged >65 years versus <65 years.

Finally, the PFS benefits of immunotherapy across different
subgroups are presented in Figure 6. Compared to female patients
(P = 37%, HR: 0.65, 95% CI: 0.45-0.94), male patients (F = 0%, HR:
0.55, 95% CI: 0.49-0.63) experienced a slight improvement in PFS with
combination therapy (P=0.41). Asian patients receiving PD-LI
inhibitor plus chemotherapy had similar disease control compared
to non-Asian patients (I2 = 0%, HR: 0.60, 95% CI: 0.55-0.56, versus
HR: 0.70, 95% CI: 0.55-0.88, P=0.24). The efficacy of immunotherapy
in patients with liver metastases was comparable to that in patients
without liver metastases (I° = 0%, HR: 0.60, 95% CI: 0.48-0.76, versus I
= 0%, HR: 0.57, 95% CIL: 0.50-0.65, P=0.66). Among different
chemotherapy regimens, patients receiving PD-1/PD-L1 inhibitors
combined with TP had slightly better disease control compared to
those receiving PD-1/PD-L1 inhibitors plus FP (IZ =0%, HR: 0.59, 95%
CI: 0.53-0.65, versus I = 16%, HR: 0.67, 95% CI: 0.59-0.75, P=0.11).

3.5 Adverse events

The meta-analysis results concerning adverse events are
presented in Figure 7. The results indicate that combination
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therapy with PD-1/PD-L1 inhibitors and chemotherapy was
associated with an increased incidence of severe adverse events
(>grade 3) compared to chemotherapy alone (I = 26%, HR: 1.21,
95% CI: 1.07-1.37), and a higher overall adverse event rate (P =
10%, HR: 1.62, 95% CI: 1.15-2.27). Specifically, the CheckMate 648
trial demonstrated a significant increase in the incidence of severe
adverse events with combination therapy (HR: 1.69, 95% CI: 1.23-
2.32). Additionally, the ESCORT-1st trial reported a notable
increase in the overall adverse event rate with combination
therapy (HR: 5.14, 95% CI: 1.12-23.66).

3.6 Sensitivity analysis

A sensitivity analysis was conducted using a one-by-one
exclusion method to evaluate the robustness of the research
results (Figure 8). The summary HRs for OS, PFS, and adverse
events >grade 3, as well as the summary OR of ORR, remained
largely unchanged. However, the results for adverse events were
influenced by the CheckMate 648 trial, and the overall effect size
fluctuated significantly after excluding this study.

4 Discussion

ESCC, a highly invasive and aggressive malignancy of
the digestive system, is associated with a poor prognosis.
While PD-1/PD-L1 inhibitors have shown promise as a novel
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Forest plot of subgroup analyses by demographic characteristics (A) and clinical status (B) comparing overall survival in patients who received PD-1/

PD-L1 inhibitor-based therapy versus chemotherapy.

immunotherapeutic approach, their combined efficacy with
different chemotherapy regimens remains unclear. The main
objective of our study was to systematically evaluate the efficacy
and potential influencing factors of PD-1/PD-L1 inhibitors in the
treatment of ESCC by comprehensively analyzing data from
multiple phase III RCTs. The findings of our study suggest that
CPS may serve as a superior predictor of patient response to PD-1/
PD-L1 inhibitors compared to TPS and could function as a more
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reliable biomarker for assessing PD-L1 expression levels.
Additionally, subgroup analyses indicated that male patients,
Asian patients, and those with liver metastases might derive
greater OS benefits and better disease control from combination
therapy with PD-1/PD-L1 inhibitors and chemotherapy.

Recently, the combination of ICIs and chemotherapy has
emerged as a promising strategy for treating esophageal cancer,
potentially offering synergistic effects that enhance treatment
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Age>65
ASTRUM-007 0.57 [0.41;0.81] — 28% 2.8%
ESCORT-1st 0.59 [0.41; 0.83] —— 26% 26%
JUPITER-06 0.55 [0.37; 0.82] —— 21% 21%
ORIENT-15 0.45 [0.32;0.62] —— 3.0% 3.0%
Common effect model 0.53 [0.45; 0.64] R 10.5% .
Random effects model 0.53 [0.45; 0.64] < . 10.5%
Heterogeneity: /% = 0%, © = 0, p = 0.6827
Heterogeneity between groups: p=034
Female
ASTRUM-007 0.41 [0.19; 0.85] —_—— 0.6% 0.6%
JUPITER-08 0.96 [0.53;1.75] 0.9% 0.9%
ORIENT-15 0.60 [0.34;1.07] 1.0% 1.0%
Common effect model 0.65 [0.45; 0.94] <= 2.5% .
Random effects model 0.64 [0.41; 1.01] - ' 2.5%
Heterogeneity: /% = 36.8%, t* = 0.0575, p = 0.2054
Male
ASTRUM-007 0.59 [0.46; 0.75] — 5.5% 5.5%
JUPITER-08 0.51 [0.40; 0.66] —=- 5.2% 5.2%
ORIENT-15 0.56 [0.46; 0.69] E 7.9% 7.9%
Common effect model 0.55 [0.49; 0.63] <@ 18.6% .
Random effects model 0.55 [0.49; 0.63] <* v 18.6%
Heterogeneity: /= 0%, 7= 0, p = 0.7099
Heterogeneity between groups: p=041
Asia
ASTRUM-007 0.60 - 6.6% 6.6%
ESCORT-1st 0.56 E = 8.5% 8.5%
GEMSTONE-304 067 [0.54; 0.82] T 7.5% 7.5%
JUPITER-06 0.58 [0.46; 0.74] - 5.8% 5.8%
KEYNOTE-590 0.60 [0.48; 0.75] - 6.6% 6.6%
Common effect model 0.60 [0 66] &> 34.9% .
Random effects model 0.60 [0.55; 0.66] ® . 34.9%
Heterogeneity: /* = 0%, © = 0, p = 0.8037
Non-asia 0.70 [0.55; 0.88] HE— 5.9% 5.9%
Heterogeneity between groups: p=0.24
Current or former smoking
ESCORT-1st 0.54 [0.43; 0.69] = 5.8% 5.8%
Never smoking
ESCORT-1st 0.63 [0.44; 0.90] — 25% 2.5%
Heterogeneity between groups: p=048
Common effect model 0.59 [0.55; 0.62] 100.0% .
Random effects model 0.59 [0.55; 0.62] 100.0%

r T T 1
Heterogeneity: /2 = 0.0%, ° = 0, p = 0.8840 0.2 05 1 2 5
Test for subgroup differences (common effect): x2 = 5.21, df = 7 (p = 0.6339)
Test for subgroup differences (random effects): 2 = 5.03, df = 7 (p = 0.6560)
FIGURE 6

Forest plot of subgroup analyses by demographic characteristics (A) and clini

received PD-1/PD-L1 inhibitor-based therapy versus chemotherapy.

outcomes (28, 29). The current meta-analysis found that PD-1/PD-
L1 inhibitors combined with chemotherapy significantly improved
therapeutic efficacy (30, 31). However, the response to combination
therapy varied among patients with different PD-L1 expression
levels. Previous meta-analyses in gastric cancer have shown CPS
was superior to TPS, with CPS=1, CPS=5, and CPS=10 serving as
potential thresholds for improved OS in gastric cancer patients
receiving ICIs (19). By comparing the improved effectiveness of
inhibitors across different PD-L1 expression levels using TPS and
CPS, it was found that the PD-L1 CPS threshold seemed to be a
more reliable predictive factor for reducing mortality when using
PD-1/PD-L1 inhibitors than the TPS threshold. As a PD-L1
expression score system, CPS may be more meaningful for
predicting patient prognosis. However, there are limited studies
on the predictive value of CPS and TPS for esophageal cancer
combination therapies. The subgroup analysis of the current meta-
analysis, based on different PD-L1 expression levels and assessment
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Weight  Weight

Study HR 95%~Cl Hazard Ratio {common) (random)
ECOG 0
ASTRUM-007 0.49 [0.30; 0.81] —_— 1.0% 1.0%
JUPITER-06 0.40 [0.25; 0.65] —_— 1.1% 1.1%
ORIENT-15 0.68 [0.46; 1.00] —— 1.7% 1.7%
Common effect model 053 [0.41;0.69] - 3.9% .
Random effects model 052 [0.38;0.73] e . 39%
Heterogeneity: 12 = 33.5%, © = 0.0295, p = 0.2222
ECOG 1
ASTRUM-007 0.65 [0.50; 0.85] —— 3.7% 3.7%
JUPITER-06 064 [0.49; 0.83] —— 3.7% 3.7%
ORIENT-15 0.52 [0.42; 0.65] - 5.4% 5.4%
‘Common effect model 0.59 [0.51; 0.68] L 4 12.8% -
Random effects model 059 [0.51;0.69] < . 128%
Heterogeneity: 12 = 7.5%, 1* = 0.0027, p = 0.3392
Heterogeneity between groups: p=0.51
Liver metastases:No
ASTRUM-007 0.62 [0.49; 0.80] —— 43% 43%
ESCORT-1st 0.56 [0.45; 0.70] - 5.3% 5.3%
ORIENT-15 054  [0.43,0.67] = 5.2% 5.2%
Common effect model 057  [0.50;0.65] L 14.8% :
Random effects model 057  [0.50;0.65] < . 148%
Heterogeneity: 12 = 0%, t2 = 0, p = 0.7030
Liver metastases:Yes
ASTRUM-007 0.60 [0.37,0.97] 1.1% 1.1%
ESCORT-1st 0.58 [0.39; 0.85] — 1.7% 1.7%
ORIENT-15 063 [0.44;0.91] —— 2.0% 2.0%
Common effect model 080  [0.48;0.76] - 4.8% s
Random effects model 0.60 [0.48; 0.76] 4 . 4.8%
Heterogeneity: 1> = 0%, t* = 0, p = 0.9541
Heterogeneity between groups: p=0.66
Locally advanced
ASTRUM-007 0.71 [0.35; 1.44] 0.5% 0.5%
JUPITER-06 063 [0.361.10] 08%  0.8%
ORIENT-15 054 [0.29;1.00] 0.7% 0.7%
Common effect model 062 [0.43;0.88] ~ 2.0% .
Random effects model 0.62 [0.43; 0.88] i < 2.0%
Heterogeneity: 12 = 0%, 12 = 0, p = 0.8458
Metastatic
JUPITER-06 054  [0.42;0.70] —=— 4.0% 4.0%
ORIENT-15 0.57 [0.46; 0.69] - 6.3% 6.3%
ASTRUM-007 0.58 [0.46;0.74] —-— 46% 4.6%
ESCORT-1st 053 [0.43; 0.66] = 5.6% 5.6%
Common effect model 0.56 [0.50; 0.62] < 20.4% M
Random effects model ~ 0.56  [0.50; 0.62] <@ . 204%
Heterogeneity: 1> = 0%, t = 0, p = 0.9360 !
Heterogeneity between groups: p=0.58 :

H
Chemotherapy: cisplatin plus paclitaxel i
ESCORT-1st . [0.46; 0.68] = 6.8% 6.8%
GEMSTONE-304 0.67 [0.54; 0.82] = 5.9% 5.9%
JUPITER-06 0.58 [0.46; 0.74] - 46% 46%
ORIENT-15 0.55 [0.45; 0.67] = 6.5% 6.5%
‘Common effect model 0.59 [0.53; 0.65] 23.8% *
Random effects model ~ 0.59  [0.53; 0.65] . 238%
Heterogeneity: 12 = 0%, t* = 0, p = 0.5351 |
Chemotherapy: cisplatin plus 5-fluorouracil ;
ASTRUM-007 0.60 [0.48; 0.75] - 5.2% 5.2%
CheckMate 648 0581 [0.64; 1.04] | 4.4% 4.4%
KEYNOTE-590 0.65 [0.54; 0.78] E 3 7.6% 7.6%
ORIENT-15 0.55 [0.23;1.32] 0.3% 0.3%
Common effect model 067  [0.59;0.75] & 17.5% .
Random effects model  0.67  [0.58;0.78] > . 175%
Heterogeneity: 12 = 16.3%, © = 0.0063, p = 0.3098
Heterogeneity between groups: p=0.11
Common effect model 059  [0.56;0.62] 100.0% ¢
Random effects model ~ 0.59  [0.56; 0.62] . 100.0%

r 1

Heterogeneity: 12 = 0.0%, 1= 0, p = 0.8496 05 1 2

Test for subgroup differences (common effect): "Z =6.19, df =7 (p = 0.5180)
Test for subgroup differences (random effects): 2 = 4.74, df = 7 (p = 0.6917)

cal status (B) comparing progression-free survival in patients who

methods, demonstrated that compared with TPS, CPS as a PD-L1
expression evaluation method had more significant inter-group
differences. The HR for OS or PES in patients with PD-L1 CPS>1
was lower than that in patients with PD-L1 CPS<1, and the
difference was statistically significant in patients with PD-L1 CPS
=10 versus <10. Therefore, CPS can better predict patients’ response
to PD-1/PD-L1 inhibitors. Patients with positive PD-L1 expression
benefit more in terms of survival than those with negative PD-L1
expression, and CPS >10 as the key threshold can more significantly
distinguish and predict patients’ efficacy. This is consistent with
previous expert opinions (30). During the FDA ODAC (Oncologic
Drugs Advisory Committee) meeting on September 26, 2024, the
risks and benefits of the treatment with anti-PD-1 antibodies for the
first-line treatment of patients with unresectable or metastatic
ESCC with PD-L1 expression <1 were discussed. Most panelists
voted that patients with PD-L1 expression <1 are unlikely to benefit
from first-line treatment with PD-1 inhibitors, given the associated
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A
Study OR 95%-Cl
ASTRUM-007 0.76 [0.08; 7.33]
CheckMate 648 221 [1.32; 3.69]
ESCORT-1st 514 [1.12; 23.66]
GEMSTONE-304 0.39 [0.05; 3.36]
JUPITER-06 1.00 [0.14; 7.15]
KEYNOTE-590 1.34 [0.46; 3.90]
ORIENT-15 0.98 [0.31; 3.09]
RATIONALE-306 1.09 [0.50; 2.36]
Common effect model 1.62 [1.15; 2.27]
Random effects model 1.50 [0.98; 2.29]
Heterogeneity: /2 = 9.9%, 1 = 0.0616, p = 0.3537
B
Study OR 95%-Cl
ASTRUM-007 1.22 [0.84;1.77]
CheckMate 648 1.69 [1.23;2.32]
ESCORT-1st 0.84 [0.60; 1.17]
GEMSTONE-304 1.33 [0.92;1.92]
JUPITER-06 1.17 [0.79;1.71]
KEYNOTE-590 1.21 [0.82;1.78]
ORIENT-15 1.25 [0.92; 1.70]
RATIONALE-306 1.10 [0.80; 1.52]
Common effect model 1.21 [1.07; 1.37]
Random effects model 1.21 [1.04; 1.40]
Heterogeneity: /2 = 25.9%, 1° = 0.0129, p = 0.2224
FIGURE 7

Subgroup analyses of AEs (A) and AEs > grade 3 (B).

risks (32). The result of the FDA ODAC meeting further suggests
that advanced ESCC patients with positive PD-L1 expression may
benefit more from immunotherapy.

Recent studies have suggested that the response of ESCC patients
to PD-1/PD-L1 inhibitors may be influenced by various factors,
including age, gender, and ethnicity (33-35). Subgroup analysis in
the current study found that male patients benefit more from
immunotherapy compared to female patients. Traditionally, it was
believed that female patients with ESCC had better chemotherapy
outcomes than males. However, the current analysis found that
males benefit more from combined immunotherapy, possibly
because males were more predominantly affected by esophageal
cancer and tend to have less benefit from chemotherapy alone,
making them more likely to gain from combined treatments (36, 37).
Over 60% of esophageal cancer patients globally live in East Asia,
where squamous cell carcinoma is the predominant histological type
(38, 39). Gao et al. (40) compared pathological responses to
neoadjuvant chemoradiotherapy between Eastern and Western
countries and found poorer responses among ESCC patients in
Eastern countries. Additionally, some studies suggested that
differences in treatment response between Caucasian and Asian
patients are related to variations in gene polymorphisms affecting
drug metabolism and DNA repair (41, 42). ESCC shows significant
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<> 100.0% .
- 100.0%
| |
0.5 1 2

racial differences in the efficacy response to chemotherapy, with East
Asian patients often having poorer responses. In terms of
immunotherapy, experimental results indicated that the OS benefit
for Chinese subgroups is three times that of the overall study
population (33). This aligns with our findings, where the subgroup
analysis shows better efficacy in Asian patients compared to non-
Asians. This may be due to distinct immune system characteristics in
Asian patients. Further studies are needed to explore the unique
mechanisms of response in Asian patients undergoing combined
immunotherapy and chemotherapy, focusing on genetic, immune
features, and tumor microenvironment factors.

The selection of an appropriate chemotherapy regimen in
combination therapy with ICIs and chemotherapy could maximize
treatment efficacy and patient survival rates (43). Different
chemotherapy regimens have varying implications in combination
treatments. Traditionally, the TP regimen was considered superior to
the FP regimen for treating ESCC, but previous studies have shown
inconsistent findings (44). Some retrospective studies indicated that
TP and FP regimens show similar efficacy with no statistical
differences between the groups (44). However, Meta-analyses (13,
45) of multiple clinical trials evaluating the efficacy and safety of
TP and FP regimens in ESCC treatment revealed that PD-1+TP
significantly improves PFS and OS compared to PD-1+FP,
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FIGURE 8
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Sensitivity analyses of hazard ratios of overall survival (A), progression-free survival (B) and adverse events (C), severe adverse events (>grade 3) (D)

and ORR (E).
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suggesting that PD-1+TP may be the best first-line treatment option.
Subgroup analysis in our study shows no significant difference
between PD-1/PD-LI inhibitors combined with TP and FP
regimens, but patients receiving ICIs+TP had lower HRs for OS
and PFS compared to those receiving ICIs+FP. The short-term
efficacy of TP regimen, as measured by PFS, may be slightly better
than FP, while the difference in long-term efficacy, OS, between the
two regimens was very small. This discrepancy may be due to
variations in patients’ pathological features and clinical conditions,
leading to differences in regimen efficacy. Paclitaxel could enhance
immune cell activation and synergize with immune therapy by
modulating the immune microenvironment, promoting cancer cell
apoptosis (46, 47). In contrast, fluorouracil (5-FU), an
antimetabolite, inhibits DNA and RNA synthesis, while cisplatin
induces DNA damage, together providing a comprehensive anti-
cancer effect. The impact of chemotherapy regimens may exhibit
heterogeneity among patients, so treatment adjustments should
consider specific factors such as age, tumor type, stage, and overall
health status.

Our study conducted a meta-analysis of multiple phase III RCTs
to provide a comprehensive evaluation of PD-1/PD-L1 inhibitors in
ESCC treatment. We found that combination therapy has shown
significant benefits and evaluated the combined effects of different
chemotherapy regimens (TP and FP) with immunotherapy. The
differences in treatment efficacy between different chemotherapy
regimens were not significant, which may affect treatment decision-
making. In patients with PD-L1 CPS >1, the combination of PD-1/
PD-L1 inhibitors and chemotherapy effectively controlled disease
progression and reduced the risk of death compared to the control
group. Additionally, the PD-L1 CPS system may be more sensitive in
predicting treatment outcomes than the TPS system, and our study
identified PD-L1 CPS expression level as a predictor of survival
benefit from PD-1/PD-L1 inhibitor therapy, providing valuable
insights for future clinical application. Finally, the study suggested
that male, Asian, and liver metastasis patients may benefit more from
combination therapy, though these differences were not significant.
Further in-depth molecular and immune mechanism research is
needed to explore the immune microenvironment, cytokine profile,
and immune-related gene expression in patients of different genders,
races, and disease progression.

While this study provides important insights, several limitations
should be acknowledged. First, since a higher proportion of enrolled
participants were of Asian descent (consistent with regional
epidemiology), this geographic concentration may limit the
generalizability of the findings to Caucasian and African
populations. Second, substantial methodological heterogeneity was
observed in PD-L1 assessment, stemming from divergent
immunohistochemical platforms (Dako22C3 versus Ventana
SP263) and scoring systems (CPS versus TPS), thereby impeding
comparative analyses. Additionally, the follow-up duration for
survival outcomes was relatively short, with long-term survival data
not being reported, limiting the ability to assess durable therapeutic
benefits. In terms of safety data, adverse events were pooled without
stratification by severity, and rare but serious adverse events may be
underrepresented due to trial exclusion criteria. Furthermore, the
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inclusion of only phase 3 trials may omit negative or smaller studies,
potentially introducing publication bias. Lastly, beyond PD-L1, other
predictive biomarkers such as tumor mutational burden (TMB) and
microsatellite instability (MSI) were not analyzed, limiting insights
into precision treatment strategies.

In summary, the current study found that the combination of
ICIs and chemotherapy showed significant therapeutic benefits in the
treatment of ESCC. There was no significant difference in the
therapeutic effect between the combination of immunotherapy with
the TP regimen and the FP regimen in ESCC, although the TP
regimen had slightly better short-term efficacy than the FP regimen.
CPS may be more effective than TPS in predicting the efficacy of
PD-1/PD-L1 inhibitors. Patients with CPS >1 showed a more
significant therapeutic response, with CPS of 10 being the key
threshold for predicting patient response. Male, Asian, and liver
metastasis patients may derive slightly better survival outcomes from
the combination therapy. Further research is needed to investigate the
reliability and thresholds of CPS and TPS in larger clinical trials,
exploring relevant influencing factors to confirm their reliability and
consistency across different populations and treatment scenarios.
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