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Background: Esophageal cancer (EC) is the seventh most common cancer in the world, with 604,000
new cases diagnosed each year. Immune checkpoint inhibitors (ICIs) including programmed death ligand-1
(PD-L1) inhibitors have demonstrated a considerable survival advantage over chemotherapy in numerous
randomized controlled trials (RCTs), particularly in patients with advanced esophageal squamous cell
carcinoma (ESCC). In this analysis, we aimed to demonstrate that ICIs are more safe and effective than
chemotherapy when used as a second-line treatment for advanced ESCC.

Methods: Publications on the safety and efficiency of ICIs in advanced ESCC that were available prior
to February 2022 were searched in the Cochrane Library, Embase, and PubMed databases. Studies with
missing data were eliminated, and studies that compared the treatments between the immunotherapy group
and chemotherapy group were included. Statistical analysis was carried out using RevMan 5.3, and risk and
quality were evaluated with relevant evaluation tools.

Results: Five studies met the inclusion criteria were selected, involving 1,970 patients with advanced
ESCC. We compared chemotherapy and immunotherapy in the second-line treatment of advanced ESCC.
ICIs considerably enhanced both the objective response rate (P=0.007) and overall survival (OS; P=0.001).
However, the effect of ICIs on progression-free survival (PFS) was not significant (P=0.43). ICIs presented
fewer grade 3-5 treatment-related adverse events (TRAEs), and there was also a suggested linkage between
both PD-L1 expression and the effectiveness of the therapeutic intervention.

Conclusions: For patients with advanced ESCC, ICIs are more effective and safer than chemotherapy, and

thus have a higher treatment value.
Keywords: Esophageal squamous cell carcinoma (ESCC); meta-analysis; immune checkpoint inhibitors (ICIs)
Submitted Aug 26, 2022. Accepted for publication Jan 25, 2023. Published online Mar 15, 2023.

doi: 10.21037/jtd-22-1169
View this article at: https://dx.doi.org/10.21037/jtd-22-1169

© Journal of Thoracic Disease. All rights reserved. F Thorac Dis 2023;15(3):1186-1195 | https://dx.doi.org/10.21037/jtd-22-1169


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-22-1169

Journal of Thoracic Disease, Vol 15, No 3 March 2023

Introduction

Esophageal cancer (EC) is a common digestive system
disease, with a high incidence (604,000 new cases a year)
worldwide. According to statistics, EC is prevalent in China,
where the disease burden is the most significant (1). The
2 primary subtypes are esophageal adenocarcinoma (EAC)
and esophageal squamous cell carcinoma (ESCC), and most
cases of EC in Asia are ESCC (2). ESCC is mainly treated
with surgical resection, radiotherapy, and chemotherapy.
Traditional therapies have obvious limitations in the
treatment process, and the results remain unsatisfactory (3).
Advanced ESCC patients receive chemotherapy regimens
based on taxane, platinum, and fluoropyrimidine as their
first line of treatment as surgery is ineffective in this form
of ESCC (4). However, for patients with advanced ESCC
who show disease progression, there are few alternative
second-line treatments. The primary immune checkpoint
inhibitors (ICIs) that have demonstrated a considerable
survival advantage over chemotherapy in numerous
randomized controlled trials (RCTs) are programmed
death ligand-1 (PD-L1) and programmed death 1 (PD-1)
inhibitors, notably in advanced ESCC of which no response
to first-line therapy is shown (5-9). In KEYNOTE-590,
which investigated first-line therapy for advanced
ESCC, pembrolizumab as one of the ICIs combined
with chemotherapy improved overall survival (OS) in
patients with advanced ESCC compared with placebo plus
chemotherapy (10). A study discovered that ipilimumab,
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e Second-line therapy based on ICIs has better safety and efficacy
than chemotherapy for patients with advanced ESCC.
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* In the past few years, the second-line treatment of advanced ESCC
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treatment of patients with advanced ESCC, and the best treatment
regimen needs to be selected according to PD-L1 expression
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a cytotoxic T lymphocyte-associated antigen-4 (CTLA-4)
inhibitor, in combination with nivolumab may be a possible
therapy option, appropriate for patients with advanced
ESCC (11), in addition to PD-L1/PD-1 inhibitors. This
demonstrates how crucial ICIs are in the fight against
cancer.

We aimed to explore the efficacy and safety of ICIs in the
second-line treatment of advanced ESCC. We present the
following article in accordance with the PRISMA reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1169/rc) (12).

Methods
Search strategy and study selection

The PubMed, Embase, and Cochrane databases were
searched for articles in English, on immunotherapy of
ESCC reported from 1 January 2015 to 1 February 2022.
The data searched also included unpublished information
on immunotherapy for the patients of ESCC, from 1
January 2015 to 1 February 2022, at the American Society
of Clinical Oncology (ASCO), European Society of Medical
Oncology (ESMO), and other closely related conferences.
The following keywords were used in the searching
progress: “Esophageal Cancer”, “Esophagus Neoplasms”,
“ESCC”, “ipilimumab”, “tislelizumab”, “sintilimab”,
“nivolumab”, “pembrolizumab”, “camrelizumab”, “PD-1”,
“CTLA-4”, “PD-L17, and “randomized controlled trial”.
The medical trials that met the following inclusion
criteria were included: (I) the study within the article
showed that advanced ESCC is generally not suitable for
surgical treatment; (II) ICIs for clinical trials had been
approved by the Food and Drug Administration (FDA);
(IIT) the report’s content was complete, primarily consisting
of the research strategy, clinical information, and crucial
data related to OS and progression-free survival (PFS),
treatment-related adverse events (TRAEs), or objective
response rate (ORR); (IV) the study group was divided
into an immune group and a chemotherapy group based
on different treatment methods; (V) English was the only
language of publications; (VI) histologic type was ESCC.
The exclusion criteria were as follows: (I) the disease
was at an early stage; (II) there were no OS, PFS, and so
on, among the important indicators of the study; (III)
immunotherapy had been carried out before; (IV) the
sample size was small, with no more than 10 cases; (V) the
evaluation results related to safety and effectiveness were
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missing; (VI) repeated publication; (VII) other treatment
methods were selected.

Endpoints

The primary endpoint of this study was the OS, which
denoted the interval between the beginning of treatment
and the mortality of any type. The secondary endpoints
were PFS, ORR, and safety. PFS specifically referred
to the period from the initiation of treatment to the
disease’s progression or death. ORR measured how many
patients achieve a complete or partial response (CR or PR,
respectively). The term TRAE referred to any adverse
reaction that occurred during treatment.

Quality assessment

The Cochrane manual was applied in the deviation risk
study, and the quality of the study was evaluated based
on the standards therein (13). In the process of quality
evaluation, 2 experienced researchers conducted the
evaluation independently. In case of inconsistent results, a
decision was made based on the comprehensive evaluation

conducted by a third party.

Statistical analysis

Meta-analysis was carried out based on the Review Manager
5.3 software tool (RevMan 5.3; The Nordic Cochrane
Collaboration, Copenhagen Denmark). Before analyzing the
results, the data of each outcome were extracted from each
study. If there was only a 95% confidence interval (CI) and
hazard ratio (HR), the inverse variance method was used for
analysis. Based on the heterogeneity of the results, different
models were selected to calculate these 2 indicators. The
type of model was determined by the heterogeneity of
the study. Heterogeneity was judged and analyzed by the
chi-square test and quantified by a test of heterogeneity.
Sensitivity analysis was performed to determine the cause of
heterogeneity by removing studies with large deviations and
then re-examining the heterogeneity. Publication bias was
assessed according to Egger’s bias indicator test. Statistical
data analysis was conducted using RevMan 5.3.

Results
Results of research

Following the literature search, we found 185 articles
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that matched our criteria. Some 60 articles were removed
because of duplication and 105 were retrieved by reviewing
the title and abstract. The remaining 20 articles were
reviewed in full, and finally, 5 RCTs were selected for
further analysis. The statistical results showed that 4 phase
IIT and 1 randomized phase II study were included in the
analysis. Of them, 5 studies were evaluated as high quality
based on the assessment tool (Figure S1). Table 1 lists the
features of the 5 studies included. The relevant procedure is
displayed in Figure 1.

Primary outcomes

We extracted OS data from 5 studies for analysis (5-9).
There was a significant reduction in death risk from ICIs
in comparison to chemotherapy (HR =0.73; 95% CI: 0.66
to 0.81; P<0.001; I’=0%) (Figure 24). We analyzed PFS
data in these 5 studies; ICIs did not significantly differ from
chemotherapy in terms of PFS, and the difference was not
evident (HR =0.93; 95% CI: 0.7 to 1.12; P=0.43; ’=73%)
(Figure 2B). ORR was also favorable in the ICIs group (OR
=2.07; 95% CI: 1.22 to 3.52; P=0.007; I’=71%; P=0.008)
(Figure 2C).

We further analyzed the relationship between PD-L1
expression and OS by classifying the combined positive
score (CPS; sum of PD-L1 stained tumor cells and tumor-
associated immune cells per 100 tumor cells) with tumor
proportion score (TPS; percentage of PD-L1 membrane-
stained tumor cells in tumor cells at any intensity) (14).
ICIs showed better survival in patients with TPS <1%
(HR =0.82; 95% CI: 0.70 to 0.96; P=0.01) and TPS >1%
(HR =0.65; 95% CI: 0.53 to 0.79; P<0.001). However,
the different expression levels created some differences
between the 2 groups (Figure 34,3B). Compared with
the chemotherapy group, patients with TPS <10% and
TPS >10% who received ICIs treatment showed OS
benefits, with HRs of 0.78 (95% CI: 0.69 to 0.89; P=0.002)
and 0.62 (95% CI: 0.49 to 0.79; P<0.001), respectively
(Figure 3C,3D). Despite the differences in representation,
patients with CPS <10 or CPS >10 had similar OS
performance to TPS, and data from groups with higher
CPS scores were more statistically significant in the
analysis; their HRs were 0.9 and 0.66, P=0.38, and P=0.006,
respectively (Figure 44,4B). This data illustrates that the
therapeutic effects of ICls are different in different PD-L1
expression states.

From the analysis of TRAEs, there were statistical
differences observed in TRAESs of any grade [odds ratio (OR)
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73.3% versus 18.8% versus 20.3% versus

0.83 (0.67-1.01)

256 versus 256 0.70 (0.57-0.85)

Tislelizumab 200 mg
QB3W versus investigator

2

Shen 2022/

58.8% 9.8%

93.8%

RATIONALE-302 (5)

choice chemotherapy

0S8, overall survival; HR, hazard ratio; Cl, confidence interval; PFS, progression-free survival; TRAEs, treatment-related adverse events; ORR, objective response rate; Q2W,

2 weeks using a; Q3W, 3 weeks using a.
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=0.26; 95% CI: 0.11 to 0.63; P=0.003; I’=90%] (Figure 5A).
However, after analyzing the data of grade 3-5 TRAEs,
we found that the incidence of TRAEs in the ICIs group
was significantly lower than that in the chemotherapy
group (OR =0.25; 95% CI: 0.16 to 0.38; P<0.001; I’=78%),
demonstrating that ICIs had a better safety profile
(Figure 5B).

Sensitivity analysis and publication bias test

Sensitivity analysis was performed for each of the 5 studies,
for HR of OS in the range of 0.72 to 0.74. We observed
high heterogeneity in the results for PFS, ORR, and TRAEs
and then performed sensitivity analyses individually. We
identified the source of heterogeneity in PFS by including
some studies and re-performed the statistical analysis, which
showed no significant significance (HR =1.00; 95% CI:
0.87 to 1.16; P=0.95; I’'=42%) (Figure S2). Repeat statistical
analysis of ORR with the same method significantly reduced
heterogeneity with statistical significance (OR =2.69; 95%
CI: 1.95 to 3.70; P<0.001; I’=0%) (Figure S3). To Identify
the heterogeneity of all TRAEs, we eliminated the studies
with large deviations (OR =0.13; 95% CI: 0.09 to 0.20;
P<0.001; I’=1%). Based on a re-sensitivity analysis of grades
3-5 TRAEs, ICIs still had a good safety profile in grade
3-5 (OR =0.35; 95% CI: 0.27 to 0.45; P<0.001; I’=0%)
(Figure S4). Due to the small number of studies included in
this analysis, publication bias could not be assessed.

Discussion

A growing number of studies have shown that
immunotherapy can be effective in the treatment of EC.
Immunotherapy involves inhibiting immune checkpoint
pathways in the immune system to counteract malignant
cells. A PD-L1 molecule binds to PD-1 receptors and
induces PD-1 signaling, suppressing immune responses in
T cells (15). The mechanism by which tumor cells evade
immune response is mainly expression of the PD-1 ligand
and activation of the PD-1 pathway based on the binding
of corresponding effector cells to the PD-1 receptor. It can
be inferred that the PD-1/PD-L1 pathway has important
significance in immunotherapy and can be used as a
therapeutic target in this regard. At present, the research
tunnel related to this has received widespread attention.
Previous studies had focused on IClIs, such as PD-1/PD-
L1 inhibitors of ESCC (10,16). We evaluated the efficacy
and safety of the currently published ICIs in the second-line
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Records excluded

Y

Head line (n=23)

Reports not retrieved

Y
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1190
')
Records identified from (n=185):
s * PubMed (n=60)
§ * Embase (n=115)
g * Cochrane library (n=8)
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Y
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A
- Reports assessed for eligibility
(n=20)
)
Y
3 Studies included in review
3 (n=5)
o
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(n=5)
-

Y

* Single arm (n=4)

* Not second-line therapy (n=5)
* Not ESCC (n=4)

* Absence of date (n=2)

Figure 1 Flow diagram: selection process for the studies. ASCO, American Society of Clinical Oncology; ESMO, European Society of

Medical Oncology; ESCC, esophageal squamous cell carcinoma.

treatment of advanced ESCC.

Our meta-analysis showed that ICIs significantly
improved OS and ORR in the second-line treatment of
advanced ESCC. However, the difference in PFS was
not significant, which may be due to the longer duration
of the immunotherapy (17). In our meta-analysis,
there was a crossing of survival curves between ICI and
chemotherapy, which means that the early benefit of
chemotherapy is higher than that of ICI in some trials.
The same results were observed in the KEYNOTE-061
study on gastroesophageal adenocarcinoma, which showed
that the level of performance status was associated with
survival benefit in subgroup analysis but lacked objectivity.
It was further found that the survival curves for patients
with a PD-L1 CPS of 10 or higher do not cross and
the detrimental effect of immune checkpoint blockade
on early progression appeared to be mitigated (18). In
KEYNOTE-181, we found a significant benefit for both

© Journal of Thoracic Disease. All rights reserved.

PFS and OS in patients with CPS of 10 or higher and no
crossing of survival curves. Because the overall population is
counted in many studies and subgroup analyses are not well
performed, there may be situations where there is no PFS
benefit but a survival benefit. The proportion of grades 3-5
TRAESs seems to be much lower in the ICI group. However,
the incidence of the 2 groups had no significant difference.
A significant finding of our study was that high levels of
PD-L1 expression were associated with improved OS. The
efficacy of the relative inhibitors was also associated with
high PD-L1 levels. However, analysis of PD-L1 expression
is not standardized, and inflammation can induce PD-L1 in
tumors previously negative for such kind of marker (19). In
one study, pembrolizumab was associated with a median OS
of 9.3 months whereas chemotherapy resulted in a median
OS of 6.7 months (7). Therefore, pembrolizumab was a
better second-line standard therapeutic option for ESCC
with high-level PD-L1. The ESCORT-1st trial results also
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Figure 2 Forest plots in patients treated with ICIs versus chemotherapy. (A) OS. (B) PFS. (C) ORR. OS, overall survival; PFS, progression-

free survival; ORR, objective response rate; CI, confidence interval;

indicated that patients with TPS >1% benefitted more from
the treatment (20). The prediction of PD-L1 expression
and prognosis warrants further study.

ICIs are generally better tolerated than chemotherapy
but still have their own adverse effects (14). Grade 3-5
adverse events occurred in 18% of patients receiving
pembrolizumab (7). Hypothyroidism (11.5%) and decreased
appetite (8.6%) were the most common side effects.
Diarrhea (10%), decreased appetite (7%), and fatigue
(7%) were the most common TRAEs in the nivolumab
group (9). The highest incidence of TRAEs caused by
camrelizumab was 89%, and the most prominent TRAE
was reactive cutaneous capillary endothelial proliferation
in 79% of cases (8). In many groups, hypothyroidism was
prevalent, but in the nivolumab group, it was less prevalent
(5-9). According to our research, the incidence of grade
3-5 TRAE: following treatment with ICIs was lower than it
was for the chemotherapy group, thus indicating that ICIs
have a better safety profile than chemotherapy. Clinical
trials on advanced ESCC are continuing. In the Checkmate

© Journal of Thoracic Disease. All rights reserved.

ICIs, immune checkpoint inhibitors.

648 trial (11), the combination of PD-1 and CTLA-4 for
advanced ESCC showed good efficacy. Additionally, 32% of
patients experienced adverse responses of grade 3 or higher,
and median response times of the patients with PD-L1-
positive lasted much longer than those of chemotherapy.
This shows that dual ICIs, especially in combination,
may offer better benefits in treating advanced ESCC.
The effect of PD-L1 expression on treatment outcomes
has also been further investigated in the checkmate648
trial (11). In patients with TPS >1% or higher, both
immune combination regimens had a better survival benefit
compared with chemotherapy. In patients with TPS <1%,
no significant survival difference was observed between
the regimens, but the proportion of patients with objective
response to immune combination therapy was more than
that in the chemotherapy group, indicating that longer
follow-up may be required to determine changes in OS.
Similar results were also obtained in comparing patients
with CPS >1 and CPS <1. These findings showed that both
TPS and CPS have certain guiding significance for advanced

7 Thorac Dis 2023;15(3):1186-1195 | https://dx.doi.org/10.21037/jtd-22-1169
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Figure 3 Forest plots in patients treated with ICIs versus chemotherapy. (A) TPS <1%. (B) TPS 21%. (C) TPS <10%. (D) TPS >10%. OS,

overall survival; TPS, tumor proportion score; CI, confidence interval; ICIs, immune checkpoint inhibitors.
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Figure 4 Forest plots in patients treated with ICIs versus chemotherapy. (A) CPS <10. (B) CPS >10. OS, overall survival; CPS, combined

positive score; CI, confidence interval; ICIs, immune checkpoint inhibitors.
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Figure 5 Forest plots in patients treated with ICIs versus chemotherapy. (A) Any grade TRAEs. (B) Grade 3-5 TRAEs. CI, confidence

interval; TRAESs, treatment-related adverse events; ICIs, immune checkpoint inhibitors.

ESCC. However, in gastroesophageal adenocarcinoma,
CPS was found to be a more appropriate indicator than
TPS (21). A'TPS of 5% had a longer duration of response
compared with 10%, and there was no significant difference
in OS, suggesting that the benefit in a population with
tumor cell TPS >1% may not be driven by a subgroup with
TPS >10% (22,23). In a study of patients with advanced
squamous non-small cell lung cancer (24), TPS >50% was
associated with a greater OS benefit with nivolumab in
the second-line treatment, and different immunotherapy
regimens may be explored in the future based on different
PD-L1 expression levels.

The limitations of the study are that it included only 5
studies with limited numbers of patients. The analyses of
TPS and CPS, the 2 indicators of PD-L1 expression, were
not standardized in each of the studies. Therefore, we cannot
correctly assess the consistency of their predictive values.

Conclusions

According to the results of this study, ICIs can significantly
improve the survival of patients with advanced ESCC while
maintaining high safety standards, and the relevant results
can guide the clinical treatment of this disease.

© Journal of Thoracic Disease. All rights reserved.
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Figure S1 Risk bias table of randomized controlled trials.
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight V. Random, 95% CI IV, Random, 95% CI
ATTRACTION-3 0.076961 0.110187 25.4% 1.08 [0.87, 1.34] ™
KEYNOTE-181 0.10436 0.084669 33.4% 1.11[0.94, 1.31] =
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Figure S2 Forest plot for progression-free survival following sensitivity analysis. SE, standard error; CI, confidence interval.
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Figure S3 Forest plot for objective response rate following sensitivity analysis. CI, confidence interval.
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Figure S4 Forest plot for treatment-related adverse events following sensitivity analysis. (A) any grade. (B) Grade 3-5. CI, confidence

interval.
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