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ABSTRACT

Esophageal cancer (EC) is the seventh most common cancer, and patients with advanced EC have a poor prognosis. Recently, nivolumab 
and pembrolizumab, two immune checkpoint inhibitors (ICIs) that inhibit programmed cell death protein 1, have begun to be used for 
the treatment of advanced esophageal squamous cell carcinoma (ESCC). Based on the ATTRACTION-3 and KEYNOTE-181 trials, the use of 
nivolumab and pembrolizumab (only in programmed cell death ligand 1-positive cases) was approved for treatment by the US Federal Drug 
Administration for the treatment of patients with advanced ESCC. In addition, the CheckMate-577 and the KEYNOTE-590 trials have shown 
survival benefits for postoperative nivolumab in patients with resectable EC and for first line pembrolizumab plus doublet chemotherapy 
in patients with advanced EC, respectively. Many trials to evaluate ICI-containing treatments are ongoing, and these new treatments are 
expected to improve the clinical outcomes of patients with EC.
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INTRODUCTION
Esophageal cancer (EC) is the seventh most common cancer 

and the sixth leading cause of cancer deaths worldwide [1]. There 
are two main histological subtypes of EC: esophageal squamous cell 
carcinoma (ESCC), and esophageal adenocarcinoma (EAC). ESCC 
is the most common subtype globally, and the incidence of ESCC 
is especially high in Eastern Asia and Eastern Africa. On the other 
hand, the incidence of EAC is especially high in Western countries 
[2-5]. EC is generally an extremely aggressive cancer. Patients with 
early-stage EC are often asymptomatic, and many patients are 
diagnosed at an advanced stage after the appearance of symptoms 
[5,6]. In addition, effective chemotherapeutic drugs for metastatic 
or recurrent EC are limited. Systemic chemotherapy is the standard 
treatment for patients with metastatic or recurrent EC who have 
no curative treatment options. Systemic chemotherapy is aimed at 
controlling cancer-related symptoms and prolonging survival [7-9].

No randomized trials have shown the survival benefits of 
palliative chemotherapy other than best-supportive care as a 
first-line treatment, and doublet chemotherapy consisting of 
platinum and fluoropyrimidine is recognized as a standard first-
line chemotherapy for patients with advanced EC [7-11]. For a long 
time, salvage-line chemotherapy after refractoriness or intolerance 
to first-line chemotherapy consisted of taxane monotherapy [12,13] 
or irinotecan monotherapy [7]. 

IMMUNE CHECKPOINT INHIBITORS
Immune checkpoint inhibitors (ICIs) targeting the programmed 

cell death 1 (PD-1)/ programmed death-ligand 1 (PD-L1) pathway 
have shown a survival benefit when used against many cancer 
types. Inhibitory immune checkpoint molecules and stimulatory 
immune checkpoint molecules play an important role in the 
maintenance of immunological homeostasis. The dysregulation 
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of inhibitory immune checkpoint molecules expression by cancer 
cells is associated with escape from immune surveillance, which is 
a key mechanism driving tumor progression.

PD-1 is an immunosuppressive receptor that is highly expressed 
on immune cells, such as activated lymphocytes [14]. The interaction 
between PD-1 and PD-L1 or 2 could mediate the suppression of T 
cell activity through the negative regulation of T cell receptors and 
CD28 signaling [14]. PD-L1 overexpression is prevalent in many cell 
types, including antigen-presenting cells [15]. The upregulation of 
PD-L1 is also found in many types of cancer, suggesting that the 
PD-1/PD-L1 pathway impairs the antitumor response [14]. PD-L1 
overexpression is observed in 18.4%-82.8% of ESCC patients, and 
these patients showed poor clinical outcomes [16].

NIVOLUMAB
ATTRACTION-1/ATTRACTION-3 Trial

The ATTRACTION-1 phase II trial was conducted to evaluate the 
efficacy and safety of nivolumab monotherapy (3 mg/kg, every 2 
weeks) after the failure of fluoropyrimidine-based, platinum-based, 
and taxane-based chemotherapies, regardless of PD-L1 expression, 
in patients with advanced EC. Sixty-five patients were included, 
and nivolumab showed a promising anti-tumor efficacy with an 
objective response rate (ORR) of 11 patients (17%, 95% CI: 10%-
28%), including 3 patients who achieved a complete response. The 
median overall survival (OS) was 10.78 months (95% CI: 7.4-13.3 
months), and the median progression-free survival (PFS) was 1.5 
months (95% CI: 1.4-2.8 months). The most frequent grade 3-4 
adverse events were lung infection (3%) and dehydration (3%), 
and no deaths related to nivolumab occurred [17].

Based on the results of the ATTRACTION-1 trial, the 
ATTRACTION-3 phase III trial was conducted to verify the superior 
efficacy of nivolumab monotherapy (240 mg/body, every 2 weeks) 
compared with taxanes (paclitaxel or docetaxel) in patients with 
advanced ESCC who refractory to fluoropyrimidine and platinum 
treatments were, regardless of PD-L1 expression. Nivolumab 
demonstrated a significant improvement in OS, compared with 
the taxane arm (median OS: 10.9 vs. 8.4 months, HR [95% CI]: 0.77 
[0.62-0.96], p = 0.019). The ORR was 19% (95% CI: 14%-26%) in 
the nivolumab arm and 22% (95% CI: 15%-29%) in the taxane arm. 
In the nivolumab arm, the most frequent serious adverse events 
were pyrexia (2%) and intestinal lung disease (2%), and two deaths 
related to the use of nivolumab occurred (interstitial lung disease 
and pneumonitis). Based on the results of the ATTRACTION-3 trial, 
the US Food and Drug Administration (FDA) approved nivolumab 
monotherapy as a treatment for patients with advanced ESCC 
after prior fluoropyrimidine- and platinum-based chemotherapy, 
regardless of PD-L1 expression, on June 10, 2020. Nivolumab has 
since become the standard second-line chemotherapy for patients 
with advanced ESCC.

CheckMate-577 Trial

The CheckMate-577 phase III trial was conducted to compare 
nivolumab monotherapy to a placebo as a postoperative treatment 
after the complete resection of resectable EC or esophagogastric 
junction (EGJ) cancer in patients who had received preoperative 
chemoradiotherapy and in whom a pathologic complete response 
was not achieved. In this trial, 794 patients were randomly assigned 
to a nivolumab group (n=532; 240 mg/body, every 2 weeks for 16 
weeks, followed by nivolumab 480 mg/body, every 4 weeks) or a 
placebo group (n=262). A pre-specified interim analysis showed 

that postoperative nivolumab enabled a statistically significant 
improvement in disease-free survival (DFS) compared with the 
placebo (median DFS: 22.4 months [95% CI: 6.6-34.0 months] vs. 
11.0 months [95% CI: 8.3-14.3 months], HR [95% CI]: 0.69 [0.56-
0.86], p = 0.0003). Immune-related grade 3 or higher adverse events 
were reported in 7% of patients in the nivolumab arm [18,19].

PEMBROLIZUMAB
KEYNOTE-180/KEYNOTE-181 Trial

The KEYNOTE-180 phase II trial was conducted to evaluate 
the safety and efficacy of pembrolizumab according to histology 
and PD-L1 positivity in heavily treated patients with metastatic 
EC patients [20]. The ORR was 9.9% (95% CI: 5.2%-16.7%) in the 
total population. The ORRs of subgroups with ESCC, EAC, PD-L1-
positive tumors, and PD-L1-negative tumors were 14.3%, 5.2%, 
13.8%, and 6.3%, respectively. The median PFS was 2.0 months 
(95% CI: 1.9-2.1 months) in all the patients. The median OS was 5.8 
months (95% CI: 4.5-7.2 months) in all the patients. The OS periods 
of the subgroups with ESCC, EAC, PD-L1-positive tumors, and PD-
L1-negative tumors were 6.8 months, 5.4 months, 3.9 months, and 
5.4 months, respectively. These results supported pembrolizumab 
exhibiting a meaningful antitumor activity in heavily treated EC 
regardless of histology or PD-L1 expression. The safety profile was 
consistent with that of pembrolizumab in previous studies.

Sequentially, the KEYNOTE-181 phase III trial was conducted 
to compare pembrolizumab with the investigator’s choice of 
chemotherapy (paclitaxel, docetaxel, or irinotecan) as a second-
line treatment in patients who had advanced EC. The median OS of 
9.3 months in the pembrolizumab arm was prolonged compared 
with an OS of 6.7 months in the chemotherapy arm (HR [95% CI]: 
0.69 [0.52-0.93], p = 0.0074) in EC patients with a PD-L1 combined 
positive score (CPS) ≥10. However, pembrolizumab did not enable 
a superior OS compared with chemotherapy in patients with ESCC 
(median OS: 8.2 months vs. 7.1 months, HR [95% CI]: 0.78 [0.63-
0.96], p = 0.0095) or overall (median OS: 7.1 months vs. 7.1 months, 
HR [95% CI]: 0.89 [0.75-1.05], p = 0.0560). The ORRs of the EC 
patients with a PD-L1 CPS ≥10 were 21.5% vs. 6.1% (p = 0.0006). 
The ORRs of the ESCC patients were 16.7% vs. 7.4% (p = 0.0022) 
[21]. Based on these results, on July 30, 2019, the FDA approved 
pembrolizumab as a second-line chemotherapy for patients with 
advanced or metastatic ESCC and a PD-L1 CPS ≥10.

KEYNOTE-590 Trial

The KEYNOTE-590 phase III trial was conducted to compare 
pembrolizumab (200 mg every 3 weeks for ≤35 cycles) plus 
chemotherapy (5-FU 800 mg/m2 for days 1–5 every 3 weeks for 
≤35 cycles + cisplatin 80 mg/m2 every 3 weeks for ≤6 cycles) with 
chemotherapy alone (placebo+ 5-FU 800 mg/m2 for days 1-5 every 
3 weeks for ≤35 cycles + cisplatin 80 mg/m2 every 3 weeks for ≤6 
cycles) for patients with advanced EC. In patients with ESCC, the 
median OS periods in the pembrolizumab plus chemotherapy and 
chemotherapy alone arms were 12.6 and 9.8 months, respectively 
(HR [95% CI]: 0.72 [0.6-0.88], p < 0.0006); overall, the median 
OS periods in the pembrolizumab plus chemotherapy and 
chemotherapy alone arms were 12.4 months (95% CI: 10.5-14.0) 
and 9.8 months (95% CI: 8.8-10.8), respectively (HR [95% CI]: 
0.73 [0.62-0.86], p < 0.0001). In patients with ESCC, the median 
PFS periods were 6.3 months (95% CI: 6.2-6.9) and 5.8 months 
(95% CI: 5.0-6.1), respectively (HR [95% CI]: 0.65 [0.54-0.78], p < 
0.0001); overall, the median PFS periods were 6.3 months (95% CI: 
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6.2-6.9) and 5.8 months (95% CI: 5.0-6.0), respectively (HR [95% 
CI]: 0.65 [0.55-0.76], p < 0.0001). The secondary endpoint of ORR 
was also significantly improved by the addition of pembrolizumab 
(45% [95% CI: 39.9-50.2] vs. 29.3% [95% CI: 24.7-34.1], p < 

0.0001) [22]. The results of the KEYNOTE-590 trial suggested 
that pembrolizumab plus doublet chemotherapy could be a new 
standard first-line treatment (Table 1).

Table 1: Pivotal clinical trials for ICIs in patients with EC.

Clinical Trial Phase Histology Line No. of Patients Regimen ORR (%) PFS (m) OS (m)

Nivolumab

ATTRACTION-1 II ESCC 3rd or later 65 Nivolumab 30 1.8 7

ATRRACTION-3 III ESCC 2nd 419 Nivolumab vs. taxane 9.9 2 5.8

CheckMate-577 III ESCC, EAC Post-operative 794 Postoperative nivolumab 
vs. placebo NA 22.4* NA

Pembrolizumab

KEYNOTE-180 II ESCC, EAC 3rd or later 121 Pembrolizumab 30 1.8 7

KEYNOTE-181 II ESCC, EAC 2nd 628 Pembrolizumab vs. 
cytotoxic chemotherapy 13.1 2.1 7.1

KEYNOTE-590 III ESCC, EAC 1st 749 Pembrolizumab + CF vs. 
Placebo + CF 45 6.3 12.4

*Disease-free survival

Abbreviations: ORR: Objective Response Rate; PFS: Progression-Free Survival; OS: Overall Survival; CF: cisplatin + 5-FU; NA: 
Not Assessed.

ONGOING TRIALS
A number of clinical trials are being conducted using ICIs 

in combination with existing treatments. Some of the key trials 
are presented below. For untreated advanced ESCC patients, the 
CheckMate-648 phase III trial (NCT03143153) comparing the 
efficacy of nivolumab plus doublet chemotherapy or nivolumab plus 
ipilimumab with doublet chemotherapy as a first-line treatment 
has finished recruitment and is awaiting analysis [23].

For locally advanced EC patients, the KEYNOTE-975 phase III 
trial (NCT04210115) comparing definitive chemoradiotherapy plus 
pembrolizumab with the standard definitive chemoradiotherapy is 
presently recruiting patients.

Additionally, a phase I trial based on preoperative chemotherapy, 
the JCOG1804E (FRONTiER) trial (NCT03914443), will evaluate 
the safety and efficacy of nivolumab plus 5-FU and cisplatin or 
nivolumab plus docetaxel, 5-FU, and cisplatin for resectable locally 
advanced ESCC patients; this trial is ongoing [24].

DISCUSSION
ICIs have become the second-line standard treatment mainly 

for patients with advanced ESCC, and about half of patients exhibit 
progressive disease at the time of their first imaging evaluation. 
Therefore, useful biomarkers for ICI treatment are needed. For 
example, high microsatellite instability or a high tumor mutational 
burden are important biomarkers suggesting the efficacy of ICIs, 
but these patient populations are relatively small [25,26]. For 
lung cancer patients, PD-L1 expression has been reported as an 
important biomarker for nivolumab and pembrolizumab, and the 
ATTRACTION-3 and KEYNOTE-181 trials evaluated the clinical 
benefits of nivolumab and pembrolizumab, respectively, in patients 
with PD-L1 expression. In the ATTRACTION-3 trial, PD-L1 expression 
was evaluated using the tumor proportion score (TPS) (only tumor 
cells, using 28-8 antibody); as a result, PD-L1 expression was shown 
to have no effect on the survival benefits of nivolumab. On the other 

hand, in the KEYNOTE-181 trial, PD-L1 expression was evaluated 
using the CPS (tumor cell and lymphocytes, macrophages, using 
22C3 antibody), and PD-L1 expression was suggested to affect the 
efficacy (OS) of pembrolizumab.

Given the data from the BLUEPRINT project, differences in the 
types of cells that are evaluated for PD-L1 expression might have 
a greater effect on study results than differences in the types of 
antibodies that are used [27]. Therefore, we expect that TPS and 
CPS are different biomarkers, but the concordance between TPS and 
CPS has not yet been evaluated in EC patients. Further investigation 
is therefore needed.

CONCLUSION
The ATTRACTION-3 and KEYNOTE0181 trials created a new 

epoch in the use of ICIs for the treatment of advanced EC. In addition, 
the CheckMate-577 trial showed a survival benefit for postoperative 
nivolumab in a resectable setting, and the KEYNOTE-590 trial 
showed a survival benefit of first-line pembrolizumab plus doublet 
chemotherapy in an advanced setting. Additionally, some trials to 
evaluate ICI-containing investigational treatments are ongoing, 
and these results might further improve the survival outcomes for 
patients with EC.
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