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Introduction

Esophageal cancer is a concern worldwide, with 572,000 
new cases and 509,000 deaths each year, and the incidence 
and mortality are gradually increasing (1). Esophageal 
cancer is the seventh most commonly diagnosed cancer 
worldwide and the sixth most common cause of cancer-
related death (1). Esophageal cancer is very aggressive; 
most patients are diagnosed at advanced stages and 
have a poor prognosis. Esophageal cancer has two main 
histological subtypes: squamous cell carcinoma (SCC) and 
adenocarcinoma (AC). Their etiologies and prognoses 
vary, with the prognosis of SCC being worse than that of 
AC (2). Therefore, these two histologic subtypes should 
be considered different diseases that require different 
treatment strategies.

For a long time, only cytotoxic agents were effective 
for esophageal squamous cell carcinoma (ESCC) and AC, 
but the results of recent clinical trials have shown the 
effectiveness of immunotherapy. This review outlines the 

use of immunotherapy for esophageal cancer.
We present the following article in accordance with the 

Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/shc-20-69).

Method

For this narrative review, research has been conducted about 
immune checkpoint inhibitors, immune-related adverse 
events (irAEs), and predictive biomarkers for esophageal 
carcinoma. The research was limited to papers published 
between 2007 and 2020. Clinical trials and guidelines 
related to immunotherapy for esophageal carcinoma 
were analyzed. A research strategy was undertaken using 
databases such as Medline, Ovid, EMBASE, Cochrane, and 
ClinicalTrials.gov.

Immune checkpoint inhibitors in clinical trials

Inhibitory immune checkpoint molecules [e.g., programmed 
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cell death 1 (PD-1), cytotoxic T lymphocyte-associated 
antigen 4 (CTLA-4), and lymphocyte activation gene-
3] and stimulatory immune checkpoint molecules (e.g., 
CD40 ligand, OX40, and inducible T-cell costimulatory 
molecule) play a role in the maintenance of immunological 
homeostasis.  Dysregulation of inhibitory immune 
checkpoint molecule expression by cancer cells is associated 
with escaping immune surveillance, a key mechanism 
driving tumor progression. PD-1 is an immunosuppressive 
receptor highly expressed on immune cells such as activated 
T cells, B cells, and NK cells (3). Interaction between 
PD-1 and programmed cell death ligand (PD-L) 1 or 2 can 
mediate suppression of T cell activity through the negative 
regulation of T cell receptor and CD28 signaling (3). PD-
L1 overexpression is prevalent in many cell types, including 
antigen-presenting cells (4). The upregulation of PD-L1 
is also found in many types of cancer, suggesting that the 
PD-1/PD-L1 pathway impairs antitumor response (3). PD-
L1 overexpression is observed in 18.4–82.8% of ESCCs, 
and these patients have decreased survival (5).

Immune checkpoint inhibitors targeting the PD-1/PD-
L1 pathway have revolutionized the therapeutic landscape 
of many different cancers. Nivolumab, a human IgG4 
monoclonal antibody against PD-1, has been approved 
by the US Food and Drug Administration for patients 
with non-small cell lung cancer, melanoma, and renal 
cell carcinoma (6,7). For ESCC, a multicenter phase 2 
study evaluated the activity of nivolumab after the failure 
of fluoropyrimidine-based, platinum-based, and taxane-
based chemotherapy without patient selection based on 
PD-L1 expression in tumors (ONO-4538-07) (8) and 
found a promising antitumor effect of nivolumab, with a 
17% objective response rate. The median progression-
free survival (PFS) was short (1.5 months), but the median 
overall survival (OS) was 10.8 months. Therefore, some 
patients have achieved a durable response. Treatment-
related adverse events were similar to those in previous 
studies examining nivolumab monotherapy in other types 
of tumors. A randomized phase 3 trial (ONO-4538-24/
CA209-473_ATTRACTION-3 trial) was performed to 
compare nivolumab versus docetaxel or paclitaxel in patients 
with ESCC refractory to fluoropyrimidine and platinum 
(NCT02569242). The primary endpoint was OS, and there 
was no selection based on PD-L1 expression. Nivolumab 
demonstrated a significant improvement in OS compared to 
chemotherapy in the final analysis [median OS: 10.9 months 
in the nivolumab group vs. 8.4 months in the chemotherapy 
group, hazard ratio (HR): 0.77, 95% confidence interval 

(CI): 0.62–0.96; P=0.019]. In the subanalysis for OS, the 
nivolumab group showed a favorable trend regardless 
of PD-L1 expression [PD-L1 ≥1%, HR: 0.69, 95% CI: 
0.51–0.94; PD-L1 <1%, HR: 0.84, 95% CI: 0.62–1.14]. 
The median PFS was 1.7 months and 3.4 months for the 
nivolumab and chemotherapy groups, respectively, with no 
statistically significant difference between the two groups 
(HR: 1.08, 95% CI: 0.87–1.34). The overall response rates 
(ORRs) were 19% in the nivolumab arm and 22% in the 
chemotherapy arm, respectively, with a median duration 
of response of 6.9 months in the nivolumab arm and  
3.9 months in the chemotherapy arm. Based on these 
results, nivolumab was considered the standard of care 
for second-line treatment of ESCC, regardless of PD-
L1 expression (9). Pembrolizumab, a humanized IgG4 
monoclonal antibody against PD-1, was also studied in 
a multicohort phase 1b global trial (KEYNOTE-028) to 
evaluate its safety and efficacy in patients with PD-L1-
positive (≥1% of tumor or inflammatory cells or positive 
stromal band) advanced solid tumors, and it showed 
promising efficacy in ESCC (10). In the esophageal cancer 
cohort, 18 of 23 patients had ESCC, and 20 of 23 had 
received at least two previous chemotherapy regimens. The 
ORR was 30% (28% for ESCC patients). As was seen in 
clinical trials of nivolumab, the effect on PFS was limited 
(median PFS: 1.8 months). However, durable responses 
were observed in some patients; the median OS was  
7.0 months, and the 12-month OS rate was 40%. Further, 
a phase 2 study (KEYNOTE-180) was performed to assess 
the efficacy of pembrolizumab for PD-L1-positive SCC 
or AC of the esophagus or esophagogastric junction (EGJ) 
in heavily pretreated patients (11). PD-L1 positivity was 
assessed by immunohistochemistry (PD-L1 IHC 22C3 
pharmDx, Agilent Technologies, Carpinteria, CA, USA) 
and determined using the combined positive score (CPS), 
which was defined as the number of PD-L1-positive cells 
(tumor cells, macrophages, and lymphocytes) divided by 
the total number of tumor cells, multiplied by 100. One 
hundred and twenty-one patients were enrolled, of whom 
52% and 48% had SCC and AC, respectively. Further, 48% 
and 52% of patients had PD-L1-positive (CPS ≥10) and 
PD-L1-negative (CPS <10) tumors, respectively. The ORR 
for the entire population was 9.9%. The SCC, AC, PD-
L1-positive, and PD-L1-negative subgroups had ORRs of 
14.3%, 5.2%, 13.8%, and 6.3%, respectively. The results 
indicated that SCC patients and those with PD-L1-positive 
tumors had much better outcomes with pembrolizumab. 
The safety profile was consistent with the profile of 
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pembrolizumab monotherapy in previous studies. A phase 3 
trial (KEYNOTE-181) compared pembrolizumab with the 
investigator's choice of chemotherapy (paclitaxel, docetaxel, 
or irinotecan) as second-line treatment in patients with 
esophageal and EGJ cancer (12). The primary endpoint 
was OS among patients with PD-L1-positive tumors 
(CPS ≥10), patients with ESCC, and those who intended 
to undergo treatment. The superiority of pembrolizumab 
to chemotherapy was demonstrated only in patients with 
a CPS ≥10. The median OS of patients with a CPS ≥10 
in the pembrolizumab group was 9.3 months, whereas it 
was only 6.7 months in the chemotherapy group (HR: 
0.69; P=0.0074, P=0.005 required). Pembrolizumab also 
demonstrated an improvement in OS over chemotherapy 
in ESCC patients, but the difference was not significant 
(median OS: 8.2 months with pembrolizumab vs.  
7.1 months with chemotherapy, HR: 0.78; P=0.0095, 
required P≤0.0077 for significance). These results suggest 
that pembrolizumab is a therapeutic option for second-line 
treatment of esophageal cancer patients with a CPS ≥10.

In addition, camrelizumab (SHR-1210), a high-affinity, 
fully humanized, selective IgG4-κ monoclonal antibody 
against PD-1, was also studied in a randomized phase 3 
trial (ESCORT) to compare with the investigator’s choice 
of chemotherapy (docetaxel or irinotecan) as second-line 
therapy in patients with advanced or metastatic ESCC, 
and there was no selection based on PD-L1 expression. 
Camrelizumab improved OS significantly compared with 
chemotherapy regardless of PD-L1 expression (median 
OS: 8.3 months in the camrelizumab group vs. 6.2 months 
in the chemotherapy group, HR: 0.71, 95% CI: 0.57–0.87; 
P=0.001). The camrelizumab group showed a favorable 
trend regardless of PD-L1 expression in the subanalysis 
for OS (PD-L1 ≥1%, HR: 0.58, 95% CI: 0.42–0.81; PD-
L1 <1%, HR: 0.82, 95% CI: 0.62–1.09). The median 
PFS were 1.9 months and 1.9 months for the nivolumab 
and chemotherapy groups, respectively (HR: 0.69, 95% 
CI: 0.56–0.86; P=0.00063). The ORRs were 20.2% in 
the camrelizumab group and 6.4% in the chemotherapy 
group, respectively (13). The results of phase 3 studies of 
nivolumab and camrelizumab reproducibly showed that 
PD-1 antibody drugs prolong OS as second-line therapy in 
patients with ESCC, regardless of PD-L1 expression (9,13).

The clinical trials of nivolumab, pembrolizumab, and 
camrelizumab in esophageal cancer are summarized in  
Table 1.

Dua l  immune  checkpo in t  inh ib i t i on  and  the 
combination of immunotherapy and cytotoxic agents are 

also being investigated to achieve increased effectiveness 
of immunotherapy. In the ESCC cohort of a phase 1b 
study (NCT02658214), the dose-limiting toxicity of 
the combination of durvalumab (PD-L1 antibody) and 
tremelimumab (anti-CTLA-4 antibody) in combination 
with CDDP plus 5-fluorouracil (CF) was the first-line 
setting (14). Six patients did not experience dose-limiting 
toxicities with this combination therapy, and two of the 
six patients had a partial response. A randomized phase 
3 trial (ONO-4358-50/CheckMate 648) compared first-
line chemotherapy for ESCC patients with nivolumab and 
ipilimumab (anti-CTLA-4 antibody), CF with nivolumab, 
or CF (NCT03143153) (15). A randomized phase 3 trial 
(KEYNOTE-590) compared CF and pembrolizumab with 
CF alone as first-line chemotherapy in patients with AC of 
the esophagus or EGJ and ESCC (NCT03189719) (16), 
and this study is ongoing. Further, clinical trials of immune 
checkpoint inhibitors are underway worldwide, such as 
trials assessing toripalimab (humanized IgG4 monoclonal 
anti-PD-1 antibody) (NCT03829969) (17), durvalumab 
( IgG1-kappa  monoclona l  ant i -PD-L1 ant ibody) 
(NCT02962063) (18), SHR1316 (humanized IgG4 
monoclonal anti-PD-L1 antibody) (NCT03732508) (19), 
and tremelimumab (fully human monoclonal anti-CTLA-4 
antibody) (NCT03212469) (20). The humanized IgG4 
monoclonal anti-PD-1 antibody tislelizumab (BGB-A317) 
is specifically designed to minimally bind to the Fc receptor 
on macrophages. A phase 3 trial is underway to compare 
tislelizumab with other cytotoxic agents (paclitaxel, 
docetaxel, and irinotecan) as second-line treatment in 
patients with ESCC (NCT03430843) (21).

irAEs

irAEs are of increasing interest in clinical practice. irAEs 
occur when the immune system attempts to restore the 
immune response by blocking the inhibitory signaling 
by immune checkpoint inhibitors. Immune checkpoint 
inhibitors can cause numerous irAEs in various organs, 
including the skin, lungs, gastrointestinal tract, endocrine 
system, and nervous system, especially when administered 
in combination. The presence of diverse irAEs underscores 
the importance of multidisciplinary care for patients 
receiving immune checkpoint inhibitors. Clinical guidelines 
for the management of irAEs have been issued by the 
American Society of Clinical Oncology and the European 
Society for Medical Oncology (22,23). It has been reported 
that the overall incidence of irAEs does not differ based 
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on the primary lesion, but some types of irAEs, such as 
pneumonitis, have different incidence rates depending 
on the primary lesion (24,25). In NSCLC, the incidence 
of pneumonitis is 4%, which is higher than that in other 
types of cancers (26). Sixty-eight percent of patients treated 
with camrelizumab received radiotherapy as prior therapy, 
and the incidence of pneumonitis tended to be as high as  
7% (13). In contrast, 73% of patients treated with 
nivolumab had a history of radiation therapy, but the 
incidence of pneumonitis was only 2% (9). Because patients 
with a history of radiotherapy are considered to be at higher 
risk of pneumonitis, it is necessary to collect and analyze 
real-world clinical data on the frequency of irAEs, including 
pneumonitis, in esophageal cancer.

Predictive biomarkers of response

PD-L1

The use of the PD-L1 expression level in tumor cells as 
a predictive biomarker of response is still controversial. 
In the KEYNOTE-180 trial, patients with a PD-L1 CPS 
≥10 had a better prognosis than those with a PD-L1 CPS 
<10 (11). Moreover, the results of the randomized phase 
3 KEYNOTE-181 trial showed that pembrolizumab 
had a significant survival benefit in patients with a PD-
L1 CPS ≥10 (12). However, the ATTRACTION-3 and 
ESCORT trials revealed no relationship between clinical 
efficacy and PD-L1 expression (9,13). However, PD-L1 
expression was assessed by tumor proportion score in the 
ATTRACTION-3 and ESCORT trial, and it is difficult 
to compare the results with those of KEYNOTE-181. 
Therefore, it remains unclear whether PD-L1 expression 
levels in esophageal cancer predict the therapeutic efficacy 
of immunotherapy. Further studies may be necessary.

Tumor mutation burden (TMB)

TMB refers to the total amount of non-synonymous 
mutations in the tumor DNA. A previous study showed 
significant involvement between the TMB and the  
ORR (27); however, no patients with ESCC were included. 
Therefore, further studies on ESCC are needed.

High microsatellite instability

High microsatellite instability is a deficiency of mismatch 
repair (MMR). MMR is a DNA repair system that corrects 

DNA replication errors in normal cells. However, the lack 
of MMR genes in tumor cells and defects in the process of 
replication repair increase the likelihood of gene mutations 
and induce more neoantigen emergence to increase immune 
cell infiltration (28). This may be why pembrolizumab 
has shown antitumor effects in MMR-deficient tumors, 
regardless of the cancer type (29).

Although high microsatellite instability in ESCC is rare, 
accounting for only about 8% of cases, this biomarker is 
essential and may affect the efficacy of immune checkpoint 
inhibitors (30).

Conclusions

The results of various clinical trials have shown that 
immunotherapy is an effective treatment for esophageal 
cancer. There is no doubt that immunotherapy plays a vital 
role in the treatment of esophageal cancer, as therapeutic 
development is progressing worldwide. In addition to its 
development as palliative treatment, clinical trials have 
shown its superiority to chemoradiotherapy and its potential 
as a perioperative treatment, and we expect that more 
promising treatment options will be developed.
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