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Abstract
Background: Currently, surgical resection, radiotherapy, and chemotherapy are most often utilized in clinical practice,
however, they are associated with limited survival bene�ts. Immunotherapy is currently widely used as the second-line
treatment of advanced esophageal cancer, but its effectiveness and safety compared to chemotherapy for advanced
esophageal cancer have yet to be proven.  

Methods: Original articles describing the safety and effectiveness of immunotherapy for advanced esophageal cancer
published before February 2021 were retrieved from PubMed, Embase and Cochrane libraries. Hazard ratio (HR) and
95% con�dence interval (CI) were calculated and heterogeneity analysis was performed.  

Results: A total of four studies were included, involving 2087 patients with esophageal cancer. They were included in the
meta-analysis and compared immunotherapy and chemotherapy in the treatment of esophageal cancer. Overall survival,
progression-free survival, treatment-related adverse events, and objective remission rate were used to evaluate the safety
and effectiveness of immunotherapy. Our analysis showed that compared with chemotherapy, immunotherapy gave a
signi�cant survival advantage in patients with esophageal cancer ((HR 0.79, 95% CI 0.71-0.88), and fewer treatment-
related adverse events at grade 3 or above. Among them, immunotherapy showed high safety (HR 0.38, 95% CI 0.28-
0.51), but there was no signi�cant difference in progression-free survival between the two groups (HR1.01, 95%CI 0.79-
1.30), The objective response rate showed that immunotherapy has an advantage over chemotherapy (HR 1.67, 95% CI
0.91-3.16).  

Conclusion: For patients with advanced esophageal cancer, immunotherapy is more effective and safer than
chemotherapy as the second-line treatment.

Introduction
Esophageal cancer ranks seventh in terms of incidence (604,000 new cases) and sixth in mortality overall (544,000
deaths), the latter signifying that esophageal cancer is responsible for one in every 18 cancer deaths in 2020.
Esophageal cancer mainly occurs in East Asia, especially in China, which has the greatest burden [1]. Esophageal cancer
is mainly divided into two subtypes, esophageal adenocarcinoma and esophageal squamous cell carcinoma, and 90%
of esophageal cancers in Asia are esophageal squamous cell carcinoma. At present, surgical resection, radiotherapy and
chemotherapy are the main clinical treatment methods for esophageal cancer. However, due to the limited e�cacy and
serious adverse reactions of conventional treatments, the results are still unsatisfactory [2, 3]. Surgery is not effective for
advanced or metastatic esophagus, and chemotherapy, such as taxanes, cisplatin, and �uorouracil, is usually used as
the �rst-line treatment in these cases. However, there are few second-line treatment options for patients with advanced or
metastatic esophageal squamous cell carcinoma who have progressed or cannot receive �rst-line standard
chemotherapy. Moreover, the programmed death ligand-1 (PD-L1) inhibitor pembrolizumab has been approved as a
highly e�cient drug for patients with PD-L1-positive or advanced esophageal squamous cell carcinoma (ESCC). These
novel drugs can be used alone or in combination with other treatment strategies to further improve the treatment
e�cacy and prognosis of cancer patients [4–6]. And nivolumab, as an anti-PD-1 antibody, has been accepted globally as
a standard second-line treatment option. There are many other PD-L1 inhibitors of the same type as pembrolizumab, but
their safety needs to be con�rmed.

As there is only meta-analysis [7] for resectable esophageal cancer, we use overall survival rate, adverse event rate, and
progression-free survival and other indicators to compare and analyze randomized controlled trials of immunotherapy
and chemotherapy for locally advanced or metastatic esophageal cancer. The purpose of our meta-analysis is to verify
the e�cacy and safety of immunotherapy compared to chemotherapy.
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Materials And Methods
This meta-analysis tries to follow the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [8]. At present, there is no analysis as outlined above. 

Search strategy and study selection

PubMed, Embase and Cochrane libraries were used to conduct a comprehensive English search for articles on
immunotherapy of esophageal cancer reported before January 1, 2021. At the same time, we also searched for the latest
data from clinical trials of immunotherapy for advanced esophageal cancer that have not been published as of January
1, 2021 at American Society of Clinical Oncology (ASCO), European Society of Medical Oncology (ESMO) and other
international tumor conferences. We used medical keywords to search for esophageal cancer (including esophageal
squamous cell carcinoma, esophageal adenocarcinoma), PD-L1, PD-1, CTLA-4, chemotherapy and immunotherapy.

The clinical trials that met the following criteria were included in this study: 1. The publication reported veri�able
advanced unresectable esophageal cancer; 2. Immune checkpoint inhibitors (ICIs)were currently used in clinical practice
or in registered clinical trials; 3. The report included a complete plan, patient data and at least one key data such as
overall survival rate, progression-free survival rate, incidence of adverse events, partial remission, complete remission,
objective response rate and other data; 4. The control experiment includes the immune group and the chemotherapy
group. The clinical trials that met the following criteria were excluded in this study: 1. Early surgically resectable disease;
2. Research did not include overall survival rate, progression-free survival rate, incidence of adverse events, etc.; 3.
Patients had been treated with immunotherapy in advance ;4. Included less than 10 cases; 5.Lacked effective data to
evaluate the safety and effectiveness of immunotherapy; 6. Repeated publications; 7. The experiment did not include
immunotherapy or chemotherapy; 8. Violation of the above inclusion criteria 

End points

The primary endpoint of the study was the overall survival (OS), de�ned as the time period between treatment initiation
and death of any cause. Secondary endpoints included progression-free survival (PFS), objective response rate (ORR)
and safety. PFS was de�ned as the time period between treatment initiation and the �rst documented disease
progression or death of any cause, whereas the ORR, de�ned as the percentage of patients achieving a best response of
complete response (CR) or partial response (PR). 

Statistical analysis

Meta-analysis was performed using Review Manager, version 5.3 (RevMan; Cochrane Collaboration), a proprietary
software provided by the Cochrane Collaboration. Hazard ratio (HR) and 95% con�dence interval (CI) were the effect
measures. Heterogeneity was determined by the χ 2test and I 2test. If the heterogeneity was signi�cant, the random
effect model was adopted; otherwise, the �xed effect model was used. p < 0.05 was considered statistically
signi�cant.0<I 2<25%, it means mild heterogeneity; I 2≤50%, it means moderate heterogeneity; I 2>50%, it means high
heterogeneity. To explore the sources of heterogeneity, we performed a sensitivity analysis. The data statistical analysis
was done by RevMan 5.3. 

Quality assessment

The quality of included studies was assessed using the Cochrane Handbook 5.1.0 recommended risk of bias
assessment tool[9], including: (1) random allocation method; (2) allocation concealment; (3) whether to adopt a blind
method for the participants and researchers; (4) whether the outcome was assessed by a blind method; (5)
completeness of outcome data; (6) selective reporting of outcomes; (7) other bias. The quality evaluation was
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conducted by two researchers independently, and in case of disagreement, a decision was made through discussion or
by referring to the opinion of the third researcher.

Result
Result of research

According to the research strategy, 730 articles were searched �rst, and after deleting duplicate articles, 700 articles were
deleted according to the title and abstract, and �nally 30 articles were selected for comprehensive screening. After a
comprehensive analysis of the articles, there were 2 articles lacking the necessary data, 2 articles were overlapping, and
22 articles lacked a suitable control group. In the end, 4 studies including 2087 patients were used for analysis. Table 1
presents the characteristics of the 4 included studies. The detailed research selection process is shown in the Figure.
(Fig.1)

Table 1 Characteristics of the included studies

 

Clinical trial

 

Author

 

Year

 

NCT Number

 

ICI

 

CET

 

Number
of
patients

ATTRACTION-
3

 

Kato K 2019 NCT02569242

 

nivolumab

 

docetaxel/irinotecan 419

 

ESCORT

 

Huang
J

2020 NCT03099382

 

camrelizumab

 

paclitaxel/docetaxel 448

KEYNOTE-
061

 

Shitara
K

 

2018 NCT02370498

 

pembrolizumab

 

paclitaxel 592

KEYNOTE-
181

 

Kojima
T

2020 NCT02559687

 

pembrolizumab

 

paclitaxel/docetaxel/irinotecan 628

Abbreviations: ICI, Immune checkpoint inhibitor; CET, Chemical therapy; NCT, National clinical trial.

Primary outcomes

Overall survival

Four studies [10-13]directly compared the overall survival (OS) rate of patients after immunotherapy and chemotherapy,
and the overall survival rate after immunotherapy was signi�cantly improved (HR 0.77, 95% CI 0.67-0.89, P<0.001), the
heterogeneity is moderate(I 2=35%), and a random effects model is used(Fig.2a). And subgroup analysis showed that
immunotherapy had a signi�cant effect on the OS of esophageal squamous cell carcinoma (HR 0.75, 95% CI 0.66-0.85,
P<0.001) (Fig.2b), but the analysis results of esophageal adenocarcinoma showed no statistical signi�cance (P=0.02,
I2=82%) (Fig.2c). This indicates that in the treatment of patients with advanced esophageal cancer, immunotherapy
signi�cantly prolongs the survival time of patients compared with chemotherapy.

Progression-free survival
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Progression-free survival (PFS) is also an important indicator for evaluating the safety of immunotherapy. Combining
research [10-13] and analysis showed that there was no signi�cant difference between the two groups (HR 1.01, 95% CI
0.79-1.30). Due to the signi�cant heterogeneity (I2=83%), a random effects model was used (Fig.3a). The results of
subgroup analysis showed that immunotherapy had no difference in the progression-free survival of esophageal
squamous cell carcinoma compared with chemotherapy (HR 0.88, 95% CI 0.68-1.14, P=0.33) (Fig.3b). Due to the lack of
data on adenocarcinoma, the analysis of progression-free survival is temporarily not considered.

Adverse events of grade 3 and above

The incidence of adverse events after treatment is a major aspect of safety assessment. The analysis shows that
compared with chemotherapy, immunotherapy has a signi�cantly reduced incidence of grade 3 and above adverse
events( HR 0.38; 95% CI 0.28-0.51), using random effects model(I2=50%, P 0.001),belonging to moderate heterogeneity.
Most of the adverse events such as Anemia, Asthenia, and Neutrophil count decreased (Fig.4a).

Objective response rate

Based on the analysis of four studies [10-13], the ORR of immunotherapy is more advantageous (HR 1.67; 95% CI 0.91–
3.06). Due to the high heterogeneity (I 2=78%), a random effects model is used (Fig.4b). Despite the high heterogeneity,
immunotherapy has a longer sustained response to tumors and better anti-tumor properties than chemotherapy.

Sensitivity analysis

Re-examining the data and study selection did not reduce the heterogeneity. In order to ensure that the combined results
are not subject to speci�c effects, we removed the included studies one by one for sensitivity analysis (Fig.5).

Obviously, the study by Kojima T and his colleagues [13]accounts for a large proportion. After excluding the study, the
heterogeneity is negligible. Combining the data from the other three studies, (HR 0.72, 95% CI 0.63 -0.83; I2=0%), which is
also su�cient to prove the e�cacy of immunotherapy. In the analysis of the incidence of adverse events of grade three
and above, although the proportion of Kato K10et al's research is not very large, it is still the most signi�cant factor of
heterogeneity. After excluding this study, the heterogeneity is reduced (HR 0.33, 95% CI 0.26–0.42; I2=0%), the results of
the other three studies all prove the safety of immunotherapy relative to chemotherapy. For the progression-free survival
rate, Huang J [10]'s heterogeneity contributed the most, and when the other 3 studies were analyzed (HR1.14, 95% CI
1.02–1.28; I2=0%), the median progression-free survival indicated chemotherapy is dominant, but the duration of
remission is shorter than immunotherapy, showing that there is no signi�cant difference between the two groups. Huang
J [10] et al contributed to the heterogeneity of the objective response rate. After elimination, the heterogeneity decreased
slightly, but still showed high heterogeneity(I2=61%), which may be due to the different drugs used in each study and the
effects of drugs on tumors, because the e�cacy of chemotherapy drugs is roughly the same. The response is also
different, but immunotherapy still has advantages. In summary, the results still indicate the effectiveness and safety of
immunotherapy relative to chemotherapy.

Publication Bias test

When analyzing the e�cacy and safety of immunotherapy compared with chemotherapy in the second-line treatment of
advanced esophageal cancer, since there are fewer studies involved and the heterogeneity is signi�cantly reduced after
excluding individual studies in the sensitivity analysis, the publication bias is not obvious.

Discussion
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The above several studies have shown that after the �rst-line standard treatment for advanced or metastatic esophageal
cancer, immunotherapy has shown excellent results compared with chemotherapy as the second-line treatment. In our
meta-analysis, studies showed that the overall survival following immunotherapy in each study was signi�cantly longer
than that of chemotherapy, Although the effect on squamous cell carcinoma is far greater than adenocarcinoma, it still
provides evidence for the effectiveness of immunotherapy in the treatment of esophageal cancer. For progression-free
survival, there was no signi�cant difference in the progression-free survival between the immunotherapy group and the
chemotherapy group. Even the PFS of chemotherapy is longer than immunotherapy in most studies. In the ESCORT [10],
although the median PFS of the two groups was similar (1.9 months), camrelizumab reduced the risk of disease
progression/death by 31%. The Kaplan-Meier survival curve re�ects the long-lasting bene�t of camrelizumab, and overall
PFS is better than chemotherapy. The results of the ORIENT-2 study [14] announced at the ASCO annual meeting in
2020, compared the effectiveness of sintilimab and chemotherapy in patients with esophageal squamous cell
carcinoma after previous failure of �rst-line treatment. The results showed that the median OS in the sintilimab group
was 7.2 months, and the median OS in the chemotherapy group was 6.2 months (HR 0.70, P=0.032). The 12-month OS
rate in the sintilimab group was 37.4%. The chemotherapy group was 21.4% but in the sintilimab vs chemotherapy
group, the median PFS did not improve (1.6 months vs 2.9 months, HR 1.0, 95% CI 0.77-1.39, P=0.989). Compared with
chemotherapy, sintilimab can improve the 6-month PFS rate (20.6% vs 15.7%), and the 12-month PFS rate (10.4% vs
1.7%). This may indicate that the short-term effect of immune drugs in controlling disease progression is not as good as
chemotherapy, but the long-term effect is better.

Regarding treatment-related adverse events, in our meta-analysis, among all the patients in the above study, the
incidence of treatment-related adverse events was lower in the immunotherapy group than in the chemotherapy group,
especially for adverse events of grade three and above. Studies have shown that the incidence within the
immunotherapy group is smaller than that of chemotherapy group, which shows the tolerance of immunotherapy.
Basically, these drugs have undergone preliminary clinical evaluations and have had preliminary experience in treatment.
Common adverse events of grade 3 and above are diarrhea, anemia, fatigue, and neutropenia. This also provides further
evidence for effective treatment of adverse events. Although the drug usage of the chemotherapy group in each trial is
different, in the treatment of locally advanced esophageal cancer, multiple chemotherapy drugs such as paclitaxel,
cisplatin, �uorouracil monotherapy or combination therapy have little effect on OS and the severity of adverse reactions
is roughly the same [15–17]. However, immunotherapy has far fewer treatment-related adverse events of grade 3 and
above than chemotherapy, which is of great signi�cance to the prognosis and treatment of patients. The ORR of the
nivolumab group in ATTRACTION-3 was similar to that of the chemotherapy group, but the remission lasted longer. In
other studies [10, 12, 13], the tumor objective response rate of the immune group was more obvious than that of the
chemotherapy group and the time of duration was longer. These data have increased con�dence in the effectiveness
and safety of immunotherapy in the second-line treatment of advanced esophageal cancer.

PD-L1 expression by Tumor Proportion Score (TPS) and Combined Positive Score (CPS), as predictors of anti-pd-1/pd-l1
therapy, have certain signi�cance in evaluating tumor prognosis and treatment effect [18–20]. The KEYNOTE-181[13]
included patients with esophageal adenocarcinoma and esophageal squamous cell carcinoma. The combined positive
score of PD-L1 on tumor expression and immune cell in�ltration was used to evaluate the effect of PD-L1 expression on
the outcome of pembrolizumab treatment. However, in the study of patients with esophageal squamous cell carcinoma,
there is no comparative data showing that the combined positive score can enhance the e�cacy more than tumor PD-L1
expression. ATTRACTION-3 showed that the survival bene�t of nivolumab was not related to tumor PD-L1 expression,
although patients with PD-L1 expression of at least 1% had a 15% higher risk of death than patients with PD-L1
expression below 1%. In ESCORT, camrelizumab has clinical bene�t in all PD-L1 expression subgroups, and patients with
high PD-L1 expression seem to bene�t more than patients with low PD-L1 expression. This result is similar to that
observed in the attract-3 study, suggesting that the expression of PD-L1 may not be a reliable biomarker for predicting
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the outcome of esophageal squamous cell carcinoma. In a study [21], it was mentioned that the drug effect in the
treatment of esophageal cancer is related to the long-term clinical response, but not to the expression of PD-L1. The
relationship between the status of PD-L1 and the clinic has yet to be determined [10, 13, 21].

One limitation of our analysis is that there are too few clinical trial data to perform subgroup analysis based on ICI types,
and there is no evidence that different ICIs have different effects on the e�cacy and safety of neoadjuvant
immunotherapy. Therefore, there is currently no �rst choice ICI in immunotherapy. And we have too little data on
esophageal adenocarcinoma to conduct a comprehensive analysis. The choice of treatment should also be based on
personal circumstances and clinical environment. Of course, follow-up research data is needed to prove this. In addition,
although the OS, PFS, ORR and other indicators we studied and analyzed can initially con�rm the effectiveness and
safety of immunotherapy, the relatively small number of clinical trials included and the lack of data may lead to bias.

All in all, our meta-analysis proves the safety and effectiveness of immunotherapy for advanced esophageal cancer and
provides support for its wide clinical application. However, the number of clinical trials is small, so more trials and
studies are needed to verify it.
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Figures

Figure 1

Publication search. Publications were initially identi�ed through PubMed, Embase, and Cochrane library searches, which
used the terms esophageal cancer (including esophageal squamous cell carcinoma, esophageal adenocarcinoma),
programmed cell death protein-1, and immunotherapy (including all currently known immune checkpoints inhibitors).
After eliminating the duplicate reference, through the review of titles and abstracts, the selected 730 publications were
screened, and initially 30 suitable publications were obtained. The contents of these 30 references were thoroughly and
carefully reviewed, and 4 studies were �nally included for qualitative analysis.
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Figure 2

Comparison of forest plot in OS: Immunotherapy vs Chemotherapy. (a) all patients. (b) Esophageal squamous cell
carcinoma Subgroup. (c) Esophageal adenocarcinoma subgroup.
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Figure 3

Comparison of forest plot in PFS: Immunotherapy vs Chemotherapy. (a) all patients. (b) Esophageal squamous cell
carcinoma Subgroup.
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Figure 4

Comparison of forest plot: Immunotherapy vs Chemotherapy. (a) Adverse events of grade 3 and above. (b) Objective
response rate.

Figure 5

Comparison of forest plot in sensitivity analysis: Immunotherapy vs Chemotherapy. (a) Overall survival. (b) Progression-
free survival. (c) Adverse events of grade 3 and above. (d) Objective response rate


