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Abstract: Esophageal cancer (EC) is the seventh most common malignancy globally. There are two main histological subtypes: 
esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma. ESCC is the predominant histological type of 
esophageal cancer worldwide and has worse prognosis than esophageal adenocarcinoma. However, effective treatment for patients 
with ESCC remains limited. Moreover, the risk of recurrence remains high in patients with resectable ESCC even with perioperative 
multidisciplinary treatment, such as chemoradiotherapy or chemotherapy. Nivolumab, a human monoclonal immunoglobulin G4 
antibody that inhibits programmed cell death protein 1, has recently been identified as a potential treatment for patients with metastatic 
esophageal cancer based on the results of the ATTRACTION-3 and CheckMate 648 trials. The CheckMate 577 trial showed survival 
benefits of postoperative nivolumab monotherapy compared with placebo in patients with resectable locally advanced esophageal 
cancer who did not achieve a pathological complete response after preoperative chemoradiotherapy. In this review, we discuss the data 
on the efficacy and safety of postoperative nivolumab and share future perspectives on immune checkpoint inhibitors as perioperative 
therapy for patients with locally advanced ESCC. 
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Introduction
Esophageal cancer (EC) is the seventh most common cancer worldwide, causing more than 500,000 deaths annually.1 EC 
can be divided into two main types: esophageal squamous cell carcinoma (ESCC), which is common worldwide 
(accounting for approximately 90% of cases), particularly in East Asia and East Africa, and esophageal adenocarcinoma 
(EAC), which is common in Western countries. The major risk factors for ESCC are different from those for EAC, with 
smoking and alcohol consumption being the major risk factors for ESCC, whereas chronic gastroesophageal reflux 
disease is the major risk factor for EAC.2,3 In Western countries, the incidence of ESCC is stable, while that of EAC is 
increasing.3–6 EAC is a highly aggressive malignant disease that is almost diagnosed at an advanced stage.7

Locally advanced EC is difficult to treat due to its biology and anatomic limitations. Therefore, preoperative 
treatments have been developed for such patients. Preoperative chemoradiotherapy followed by surgery based on the 
results of the CROSS trial, mainly in Western countries,8 and preoperative triplet chemotherapy followed by surgery 
based on the results of the JCOG1109 (NExT) trial, mainly in Japan and other Asian countries,9 have been considered the 
standard of care.

The CROSS study was a randomized, controlled trial comparing preoperative chemoradiotherapy with carboplatin 
and paclitaxel administered weekly for 5 weeks and concurrent radiotherapy (41.4 Gy/23 fractions) with surgery alone in 
patients with locally advanced EC. The study showed that the median overall survival (OS) with preoperative chemor-
adiotherapy followed by surgery was superior to that for surgery alone (49.4 months vs 24.0 months, hazard ratio [HR] 
0.657, 95% CI [confidence interval] 0.495–0.871).8
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The JCOG1109 (NExT) trial evaluated patients with resectable locally advanced ESCC who received (1) preoperative 
chemoradiotherapy consisting of cisplatin and 5-fluorouracil (CF) followed by concurrent radiotherapy (41.4 Gy in 23 
fractions) and surgery, or (2) docetaxel, cisplatin, 5-fluorouracil (DCF) followed by surgery, and (3) preoperative CF 
followed by surgery10 in a three-arm randomized controlled trial. In this study, OS of patients who received surgery after 
preoperative DCF therapy was superior to that of patients who received surgery after preoperative CF therapy (3-year 
OS: 72.1% vs 62.6%, HR 0.68, 95% CI 0.50–0.92). However, OS after preoperative CF plus radiotherapy was not 
superior to OS after preoperative CF plus surgery (3-year OS: 68.3% vs 62.6%, HR 0.84, 95% CI 0.63–1.12).9

The development of therapies for locally advanced EC has primarily focused on preoperative treatment, as described 
above. However, it has been shown that approximately half of patients with locally advanced EC who receive 
preoperative therapy relapse after surgery.8,10 Therefore, effective postoperative therapy has been sought to improve 
the clinical outcome of patients with locally advanced EC. In this context, nivolumab, a human monoclonal immuno-
globulin G4 antibody that inhibits programmed cell death protein 1 (PD-1), showed promise as a treatment for patients 
with metastatic EC based on the results of the ATTRACTION-311 and CheckMate 64812 studies. It is being developed as 
a postoperative treatment for patients with locally advanced EC based on the results of the ATTRACTION-311 and 
CheckMate 577 studies.13

In this review, we discuss the efficacy and safety of postoperative nivolumab therapy and the future perspectives of 
this investigational therapy for locally advanced EC.

Postoperative Nivolumab Treatment
Nivolumab
The treatment of many cancers has been revolutionized by the advent of immune checkpoint inhibitors (ICIs) that target 
the PD-1/Programmed Death Ligand 1 (PD-L1) pathway. There are two major types of immune responses: positive 
immune responses that eliminate pathogens and foreign substances, and negative immune responses that prevent tissue 
damage caused by excessive immune responses after the elimination response has achieved its goal, maintaining 
a balance in immune homeostasis. The molecules involved in this immune response are called immune checkpoint 
molecules, which are divided into inhibitory immune checkpoint molecules (PD-1, cytotoxic T lymphocyte-associated 
antigen 4, etc.) and stimulatory immune checkpoint molecules (CD40 ligand, OX40, inducible T cell costimulatory 
molecules, etc.). An important mechanism driving tumor progression is the aberrant expression of inhibitory immune 
checkpoint molecules by tumor cells, which is associated with escape from immune surveillance.

PD-1 is an immunosuppressive receptor that is highly expressed on immune cells, including activated T-cells, B-cells, 
and natural killer cells. Interaction between PD-1 and PD-L1 or PD-L2 could mediate suppression of T-cell activity via 
negative regulation of T-cell receptor and CD28 signaling (Figure 1A). PD-L1 is overexpressed in many cell types, 
including antigen-presenting cells.14 PD-L1 is also upregulated in many types of cancer, suggesting that the PD-1/PD-L1 

Figure 1 Mechanisms of action of nivolumab. (A) Tumor cells Inhibit T-lymphocyte activation. (B) Nivolumab inhibits interaction between PD-1 and PD-L1. 
Abbreviations: MHC, major histocompatibility complex; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; TCR, T-cell receptor.
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pathway inhibits the antitumor response.15 PD-L1 overexpression is observed in approximately 20–80% of ESCC 
patients, and poor clinical outcomes have been reported in these patients.16

Nivolumab is a genetically engineered human IgG4 monoclonal antibody specific for PD-115 and the glycoprotein 
consisting of two light chains of 214 amino acid residues and two heavy chains of 440 amino acid residues, with an 
N-linked glycan chain at the asparagine in the heavy chain. The IgG4 subclass, which has no antibody-dependent cellular 
cytotoxicity (ADCC) or complement-dependent cytotoxicity (CDC), has been selected to prevent PD-L1 and PD-L2 from 
binding to PD-1.14,16 The IgG4 subclass has been selected to avoid damaging the bound activated T cells. Nivolumab also 
increases tumor antigen-specific T-cell proliferation and cytokine secretion in vitro (Figure 1B).17,18 Nivolumab has been 
approved to treat advanced squamous and non-squamous non-small cell lung cancer, melanoma, Hodgkin lymphoma, renal 
cell carcinoma, urothelial carcinoma, head and neck squamous cell carcinoma, microsatellite instability-high or mismatch 
repair-deficient metastatic colorectal cancer, hepatocellular carcinoma, and malignant pleural mesothelioma.19–28

CheckMate 577
Nivolumab was initially developed for the treatment of patients with metastatic or recurrent EC. The ATTRACTION-3 
and CheckMate 648 trials established the current standard of care, including ICI, for these patients.11,12 Additionally, 
nivolumab is being developed for postoperative treatment of resectable locally advanced EC.

CheckMate 577 was a Phase III study comparing nivolumab monotherapy with placebo as postoperative treatment 
following complete resection of resectable EC or esophagogastric junction cancer (EGJC) in patients who had received 
preoperative chemoradiotherapy and did not achieve a pathologic complete response (pCR).

CheckMate 577 randomized 794 patients to nivolumab (n=532, 240 mg every 2 weeks for 16 weeks followed by 
480 mg every 4 weeks) or placebo (n=262). Randomization was stratified by histology (squamous vs adenocarcinoma), 
pathological lymph node status (≤pN1 vs ypN0) and PD-L1 expression (≥1% vs <1%).13

The primary endpoint was disease-free survival (DFS). Secondary endpoints were OS and OS rates at 1, 2 and 3 
years. Safety profiles were evaluated in all patients who received at least one dose of the assigned regimen. The study 
required a minimum of 440 DFS events to have 91% power to detect a mean HR of 0.72 with a two-sided alpha of 0.05, 
allowing for a prespecified interim analysis.

Prespecified interim analyses included data collected from the date of randomization through the clinical data cutoff 
date of May 12, 2020. Median follow-up was 24.4 months. Asians comprised 15% of patients; ECOG performance status 
was 0 (58%) or 1 (42%). Clinical stage at initial presentation was II in 35% and III in 65%. Tumors were located in the 
esophagus (60%) or at the esophagogastric junction (40%). Seventy-one percent of patients had EAC, 29% had ESCC, 
and 57% had pathologic lymph node status ≥ ypN1. PD-L1 expression was ≥ 1% in 16% and < 1% in 72% of patients.

In a pre-specified interim analysis, median DFS was significantly longer in the nivolumab group than in the placebo 
group (22.4 months [95% CI 16.6–34.0] vs 11.0 months [95% CI 8.3–14.3]; HR 0.69 [95% CI 0.56–0.86], p=0.0003). In 
a histologic subgroup analysis, the median DFS for ESCC patients was 29.7 months in the nivolumab group versus 11.0 
months in the placebo group (HR 0.61), which tended to be superior to that for EAC patients (19.4 months versus 11.1 
months, HR 0.75). A pre-specified subgroup analysis also showed a trend toward longer DFS in the nivolumab arm.

Fatigue (17%), diarrhea (17%), pruritus (10%), rash (10%), hypothyroidism (9%) and nausea (9%) were the most 
common treatment-related adverse events in the nivolumab group. Serious adverse events were observed in 8% of 
patients treated with nivolumab compared to 3% of patients treated with placebo. The incidence of treatment-emergent 
adverse events leading to discontinuation was 9% in the nivolumab group and 3% in the placebo group. Post-operative 
nivolumab treatment was well tolerated and had an acceptable safety profile.

The CheckMate 577 results suggest that postoperative nivolumab may be a useful standard of care for patients with 
locally advanced EC and EGJC who do not achieve pCR after preoperative chemoradiation and surgery.

However, the CheckMate 577 study raises several important questions. First, complete data on OS have not yet been 
reported. Patients with recurrent ESCC may receive nivolumab monotherapy or nivolumab-containing therapy after 
relapse. Therefore, the superiority of OS as well as DFS in the postoperative nivolumab group over the placebo group is 
important information to determine the treatment strategy for patients with locally advanced EC. Second, there are no 
data on patients with EC who underwent surgery after preoperative chemoradiotherapy and achieved pCR. Since 
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approximately 30–40% of patients who receive preoperative chemoradiation achieve pCR,8,9,29 efficacy and safety data 
are needed on the use of postoperative nivolumab monotherapy in this population. Recently, durvalumab, a selective 
high-affinity human IgG1 monoclonal antibody that targets PD-L1 and blocks its binding to PD-1 and CD80, allowing 
T cells to recognize and kill tumor cells,30 is also in development for the perioperative treatment of ESCC. A randomized, 
double-blind, Phase II trial was reported comparing postoperative durvalumab to placebo in patients with resectable 
locally advanced ESCC. In this study, there was no benefit in the postoperative durvalumab group compared to the 
placebo group with respect to DFS (HR 1.76, 95% CI 0.42–7.40) or OS (HR 2.26, 95% 0.41–12.34) in ESCC patients 
who achieved pCR.31 The results of this Phase II study suggest that postoperative ICI therapy may not provide clinical 
benefit to patients who achieve pCR. Third, the CheckMate 577 trial did not provide data on EC patients who underwent 
surgery after preoperative chemotherapy. Radiotherapy can cause the release of inflammatory cytokines and chemokines 
that reprogram the immune microenvironment of the tumor by promoting the infiltration of effector T cells into the 
tumor.32 Thus, preoperative radiotherapy may stimulate the immune system and contribute to the effectiveness of 
postoperative nivolumab therapy. Further studies are needed to evaluate the efficacy of adding postoperative nivolumab 
after preoperative chemotherapy, such as DCF based on the JCOG1109 trial, followed by surgery. Finally, there is a need 
for biomarkers that can predict the efficacy of ICIs, including nivolumab. The CheckMate 577 trial includes a subgroup 
analysis of DFS according to PD-L1 expression as measured by the combined positive score (CPS). The HR was reported 
to be 0.62 (95% CI 0.46–0.83) in the CPS ≥5 group and 0.89 (95% CI 0.65–1.22) in the CPS <1 group.13 The results of 
this subgroup analysis suggest that the CPS for PD-L1 expression may be a useful biomarker for the efficacy of 
postoperative nivolumab therapy. The utility of this score in patients with metastatic or recurrent EC has already been 
demonstrated in the KEYNOTE-181 study.33 In addition, its utility in patients with metastatic or recurrent ESCC who 
received nivolumab monotherapy was also reported in ASCO-GI 2022. This retrospective study evaluated the correlation 
of progression-free survival with CPS for PD-L1 expression in detail. It reported an HR of 1.33 (95% CI 0.66–2.68) for 
a CPS cut-off of 5, an HR of 0.85 (95% CI 0.52–1.38) for a CPS cut-off of 10, an HR of 0.79 (95% CI 0.50–1.26) for 
a CPS cut-off of 15, and an HR of 0.70 (95% 0.43–1.13) for a CPS cut-off of 20.34 These results suggest that the CPS for 
PD-L1 expression may have potential as a biomarker for predicting the clinical benefit of ICIs. However, there are still 
some questions about the best cut-off point for this score and whether there are other biomarkers that might be more 
useful. More translational research is needed to answer these questions.

The CheckMate 577 trial showed impressive results in patients with locally advanced EC. However, due to its 
limitations and setting, more long-term efficacy data, including OS, and more detailed biomarker data are awaited from 
this trial. In this retrospective study, the correlation between CPS of PD-L1 expression and progression-free survival was 
evaluated in detail. The results showed an HR of 1.33 (95% CI 0.66–2.68) for a CPS cutoff of 5, HR 0.85 (95% CI 0.52– 
1.38) for a CPS cutoff of 10, HR 0.79 (95% CI 0.50–1.26) for a CPS cutoff of 15, and HR 0.70. These results suggest that 
the CPS of PD-L1 expression may be a potential biomarker for predicting the clinical benefit of ICI. However, some 
questions remain regarding the optimal cutoff value for this score and whether there are other more useful biomarkers. 
More translational research is needed to answer these questions.

The CheckMate 577 trial showed excellent results in patients with locally advanced EC. However, due to its 
limitations and setting, longer-term efficacy data including OS and more detailed biomarker data from this trial are 
eagerly awaited.

The Optimal Biomarkers of Nivolumab Under Research
Nivolumab is being developed for the treatment of patients with locally advanced and metastatic ESCC, but there are few 
data on useful biomarkers to select the more beneficial population, PD-L1 expression has been one of the promising 
candidates as a predictive biomarker for ICI use in other cancer types.35 To assess PD-L1 expression, many clinical trials 
have often used the tumor proportion score (TPS) or CPS. The TPS is defined as the number of PD-L1 positive tumor 
cells divided by the total number of tumor cells multiplied by 100. The CPS is defined as the number of PD-L1 positive 
tumor cells, macrophages and lymphocytes divided by the total number of tumor cells multiplied by 100. However, the 
relationship between PD-L1 expression and efficacy has been investigated, and the results of these studies in patients 
with advanced ESCC have been inconsistent.11,12,33,34 The subgroup analysis of the CheckMate 577 trial showed that 
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postoperative nivolumab monotherapy appeared to have better clinical benefit in patients with CPS ≥ 5 compared to 
patients with CPS < 5.13 Given these data, more useful biomarkers are needed for patients who received ICI-containing 
treatments.

Recently, however, the balance of PD-1 expression between CD8+ effector T cells and Treg cells in the tumor 
microenvironment has been reported as a potential biomarker of ICI in lung and gastric cancer.36 Japanese investigators 
retrospectively reported the clinical utility of the balance of PD-1 expression between CD8+ effector T cells and 
regulatory T cells for predicting the efficacy of nivolumab monotherapy in patients with treated advanced ESCC.37 

The ratio of regulatory T cell PD-1 expression to CD8+ effector T cells was significantly higher in non-responders than in 
responders (p=0.036). PFS in the low ratio group was significantly longer than in the high ratio group (median PFS: 3.2 
months vs 1.8 months, HR [95% CI]: 0.56[0.34–0.92], p=0.02). OS in the ratio-low group tended to be longer than in the 
ratio-high group (median OS: not reached vs 10.2 months, HR [95% CI]: 0.64 [0.31–1.30], p=0.21).

This balance of PD-1 expression between regulatory T cells and effector T cells was biologically meaningful and this 
biomarker analysis showed the theoretical results in patients with advanced ESCC. This promising biomarker is expected 
to be beneficial for patients with resected advanced ESCC and may identify the optimal population for postoperative 
nivolumab monotherapy. Therefore, further prospective biomarker studies are needed to select the optimal postoperative 
treatment strategy.

Ongoing Nivolumab-Related Trials of Preoperative Therapy
Postoperative nivolumab therapy is effective in patients with locally advanced EC, but approximately half of these 
patients relapse or die.13 Therefore, besides postoperative therapy, preoperative therapy must be developed for greater 
clinical benefit. The development of preoperative therapy, including ICI, for patients with resectable locally advanced EC 
is underway worldwide (Table 1). A Phase I trial (ClinicalTrials.gov Identifier: NCT03044613) is ongoing to evaluate the 
safety and efficacy of induction nivolumab alone versus preoperative chemoradiation plus nivolumab plus surgery in 
patients with resectable EC or gastroesophageal cancer.38 Treatment-related adverse events occurred in 12 of 16 patients 
(75.0%), with 4 (25.0%) patients experiencing Grade 3 adverse events (dyspnea, upper respiratory tract infection, 
transaminitis, rash). However, 14 (87.5%) patients were able to receive the full scheduled dose of nivolumab. pCR 
rate was reported as 31.3% (5/16 patients). A multicenter phase I/II trial (ClinicalTrials.gov Identifier: NCT03278626) 

Table 1 Perioperative Nivolumab-Related Clinical Trials

Clinical Trial Phase Histology Patients, n Regimen pCR (%) DFS 
(Months)

Postoperative treatment

CheckMate 577 III ESCC, EAC 794 Postoperative 
nivolumab vs placebo

NA 22.4

Preoperative treatment
NCT03044613 

Arm A

II ESCC, EAC 16 Induction nivolumab + 

preoperative CRT + 

concurrent nivolumab

31.3 NA

NCT03278626 I/II ESCC 12 Induction nivolumab + 

preoperative CRT + 

concurrent nivolumab

33.3 NA

FRONTiER 

Cohort A/B

I ESCC 13 Preoperative CF + 

nivolumab

7.7 NA

FRONTiER 

Cohort C/D

I ESCC 12 Preoperative DCF + 

nivolumab

25.0 NA

Abbreviations: CF, cisplatin and 5-fluorouracil; CRT, chemoradiotherapy; DCF, docetaxel, cisplatin, and 5-fluorouracil; EAC, esophageal adenocarci-
noma; ESCC, esophageal squamous cell carcinoma.
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evaluated the safety and efficacy of nivolumab in combination with chemoradiotherapy in 6 patients with locally 
advanced ESCC.39 There were no unacceptable toxicities and the most frequent grade 3–4 treatment-related adverse 
events were lymphopenia (83.3%) and leukopenia (33.3%). In addition, two patients (33.3%) achieved a complete 
clinical response.

Another phase I trial, JCOG1804E (FRONTiER), evaluated nivolumab plus CF, nivolumab plus DCF, and nivolumab 
plus 5-FU + LOCOVORIN + OXALIPLatin + docetaxel (FLOT) as preoperative chemotherapy in patients with 
resectable, locally advanced ESCC. The short-term results of CF plus nivolumab and DCF plus nivolumab have been 
reported, showing pCR rates of 7.7% (1/13) and 25.0% (3/12), respectively. The pCR rates were 7.7% (1/13) and 25.0% 
(3/12), respectively. Only one patient developed dose-limiting toxicity (grade 3 dyspnea and rash) after surgery.40,41 

There are also two ongoing trials with unreported data: one phase I/II trial (ClinicalTrials.gov Identifier: NCT03544736) 
is evaluating the safety and feasibility of nivolumab with radiation therapy or chemoradiotherapy in different settings. 
The study includes one cohort of perioperative nivolumab plus neoadjuvant chemoradiotherapy for operable ECs. 
Another single-arm phase II trial (ClinicalTrials.gov Identifier: NCT03987815) will evaluate the safety and feasibility 
of nivolumab monotherapy for T2 or T3-node negative ESCC prior to curative surgery.

Considering the pathologic response rates in patients treated with preoperative chemoradiotherapy and triplet 
chemotherapy,8,9 preoperative chemoradiotherapy plus nivolumab may have some additive effect, but preoperative 
chemotherapy plus nivolumab may be even more effective. However, data on preoperative therapy including nivolumab 
are limited, and further studies, including long-term results with FLOT plus nivolumab, are needed.

Conclusion
The placebo-controlled CheckMate 577 trial has demonstrated the clinical benefits of postoperative nivolumab in patients 
with resectable locally advanced EC, mainly ESCC, who did not achieve a pCR after preoperative chemoradiotherapy. 
However, some patients with locally advanced EC have had disease recurrence after perioperative treatment. Therefore, 
further intensive development of treatments is needed.

Abbreviations
ASCO, American Society of Clinical Oncology; CD40 cluster of differentiation; CF, cisplatin and 5-fluorouracil; CI, 
confidence interval; CPS, combined positive score; CRT, chemoradiotherapy; DCF, docetaxel, cisplatin, and 5-fluorour-
acil; DFS, disease-free survival; EAC, esophageal adenocarcinoma; EC, esophageal cancer; ECOG, Eastern Cooperative 
Oncology Group; ESCC, esophageal squamous cell carcinoma; FLOT, 5-fluorouracil, leucovorin, oxaliplatin, and 
docetaxel; HR, hazard ratio; ICIs, immune checkpoint inhibitors; JCOG, Japan Clinical Oncology Group; MHC, major 
histocompatibility complex; OS, overall survival; pCR, pathologic complete response; PD-1, programmed cell death 
protein 1; PD-L1, programmed death-ligand 1; NA, not applicable; TCR, T-cell receptor.
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