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Objective: Based on the current evidence, review the efficacy and safety profile of pembrolizumab, along 
with its shortcomings, in an effort to define future research directions.
Background: The survival outcome of esophageal cancer (EC) is poor, especially in patients with advanced 
stage. Palliative surgery, chemotherapy, radiotherapy and chemoradiotherapy have limited efficacy in 
prolonging the survival time. Currently, immunotherapies, including adoptive cell therapy-based, antibody-
based, and vaccine-based therapies, are attracting considerable attention. The mechanism of immunotherapy 
lies in the modification of immune response and prevention of immune escape. Immunomodulatory agents 
can block the programmed cell death protein 1/programmed death-ligand 1 (PD-1/PD-L1) pathway, thereby 
allowing lymphocytes to attack tumor cells. This class of drugs has the potential to treat a variety of tumors 
and may substantially improve overall survival (OS) in some patients. Multiple clinical trials have shown that 
pembrolizumab has good efficacy and safety, enhances the EC treatment paradigm, and has even become the 
first-line treatment of choice for patients with PD-L1-positive recurrent or metastatic EC.
Methods: We reviewed the results of clinical trials of pembrolizumab for EC and gastroesophageal cancer 
presented at Embase, PubMed, the American Society of Clinical Oncology (ASCO) annual meetings, and 
the Cochrane Central Register of Controlled Trials.
Conclusions: Pembrolizumab has good efficacy and tolerability profiles, and has emerged as a second-line 
option for the treatment of PD-L1-positive locally advanced or metastatic ESCC. Pembrolizumab has many 
promising applications, and further investigations into its mechanisms should be conducted.
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Introduction

Esophageal cancer (EC) is the 6th leading global cause of 
cancer mortality, with approximately 400,000 deaths annually 
(1,2). Currently, specific treatment regimens for EC are 
selected based on the stage and location of the tumor as 
well as the patient’s physiologic condition and social support 
available to the patient (3). Most early-stage ECs can be 
treated by surgery or endoscopy. However, due to early-
stage EC often lacking specific symptoms and the tendency 
of many people to neglect routine health check-ups, in 
most cases, the EC has already advanced by the time it is 
diagnosed. For resectable EC, surgery alone does not achieve 
satisfactory results, and surgery combined with radiotherapy 
and/or chemotherapy is currently the mainstay of treatment 
(3,4). However, the efficacy of the treatment depends 
highly on the molecular biology of EC, the patient’s general 
condition, and the sensitivity to conventional radiotherapy/
chemotherapy/surgery is often suboptimal (3). A study 
analysis based on the SEER database showed that the 5-year 
survival rate after resectable esophageal cancer was only 
40.5% (5). Therefore, there is an urgent need to identify 
and develop new treatment strategies to improve the clinical 
outcomes of patients with EC.

Pembrolizumab is active not only in certain tumor types 
but also for tumors with specific genetic abnormalities (6). 
Tumor cells that have many mutations due to a deficiency 
in DNA mismatch repair (dMMR), which often results in 
microsatellite instability high (MSIH), produce multiple 
mutant proteins. Programmed cell death protein 1 (PD-1)  
inhibitors can facilitate the elimination of such tumors 
by the immune system by inhibiting immune checkpoint 
(7,8). Several early trials suggest that immune checkpoint 
inhibitor like pembrolizumab may have some efficacy for the 
treatment of advanced EC and the neoadjuvant treatment 
of EC (9-14). Pembrolizumab was approved by the United 
States Food and Drug Administration (USFDA) in 2014 
for the second-line or multi-line treatment of patients 
with any unresectable or metastatic solid tumor; in 2019, 
it was approved for the second-line treatment of patients 
with programmed death-ligand 1 (PD-L1)-positive, locally 
advanced or metastatic esophageal squamous cell carcinoma 
(ESCC) (15). Since 2020, the results of the PALACE-1 trial 

for resectable EC have been announced, and phased data 
from the NCT02844075 trial and KEYNOTE-590 trial 
have also been published (9,10,14). In March 2021, the 
USFAD approved pembrolizumab as a first-line treatment 
for advanced esophageal cancer. 

Therefore, at the time of these major events, it is 
important to review the Phase I–III data of pembrolizumab 
in  EC,  rev iew the  e f f icacy  and sa fety  prof i le  of 
pembrolizumab, and point out its shortcomings in order to 
determine the direction of future research. 

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-2804).

Methods

We reviewed the results of clinical trials of pembrolizumab 
for esophageal cancer and gastroesophageal cancer 
presented at Embase, PubMed, the American Society 
of Clinical Oncology (ASCO) annual meetings, and the 
Cochrane Central Register of Controlled Trials. The 
latest articles or conference abstracts of representatives 
were selected and included in this analysis. The literature 
included in the analysis was not limited to publication in 
English, and there was no time limit. Non-prospective 
clinical studies were not included.

Preclinical evidence

PD-1 is a negative regulatory molecule expressed by activated 
lymphocytes (16,17). By binding to its ligand (PD-L1 and 
PD-L2), PD-1 can down-regulate lymphocyte activation 
and inhibit anti-tumor immune response; however, this also 
prevents the killing of cancer cells (17-19). Malignant tumors, 
including esophageal cancer, can express PD-L1 binding to 
PD-1, which initiates programmed death of T lymphocytes, 
thereby reducing the effector activity of T lymphocytes and 
terminating the immune response (20-22).

Pembrolizumab is a highly selective, humanized 
monoclonal immunoglobin (Ig)G4-κ  antibody that 
blocks the interaction between PD-1 and its ligand PD-
L1 while preserving the antitumor function of the host 
T cells. Unlike other subclasses of IgG, IgG4 has a low 
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affinity for Fc receptors and C1q; therefore, the binding of 
pembrolizumab to PD-1 on T cells does not activate the 
complement system (17). Pembrolizumab can blocks the 
PD-1/PD-L1 pathway, reactivates tumor-specific cytotoxic 
T lymphocytes in the tumor microenvironment, and restore 
anti-tumor immune activity (19,23). As pembrolizumab 
is cleared from the circulation via a nonspecific metabolic 
pathway, pharmacokinase-related drug interactions do not 
occur; the clearance rate is approximately 0.2 L/day, and the 
half-life is about 25 days.

Treatment of resectable EC

At present, the mainstay of treatment for resectable EC is 
neoadjuvant therapy in combination with surgical resection. 
However, due to lack of high-quality evidence, the standard 
adjuvant treatment strategies for EC remain controversial. 
Therefore, the role of pembrolizumab in the neoadjuvant 
treatment of EC has been investigated (Table 1, Figure 1).

A phase I trial (PALACE-1) conducted by Li et al. 
explored the safety of preoperative pembrolizumab 
combined with chemoradiotherapy for ESCC (9). Twenty 
patients with resectable ESCC received preoperative 
pembrolizumab with concurrent chemoradiotherapy 
(PPCT), regardless of PD-1 status. Preoperative therapy 
included carboplatin, paclitaxel, radiotherapy, and 
pembrolizumab. Within 4–6 weeks following preoperative 
therapy, the patients underwent surgery. The primary 
endpoint was safety. Common adverse reactions during 
neoadjuvant treatment included lymphopenia (100%), 
anemia (80%), esophagitis (55%), and pneumonia (20%). 
Adverse events (AEs) of grade 3 or higher (mainly 

lymphopenia) were observed in 13 patients (13/20, 65%), 
and 1 patient died of esophageal hemorrhage. PPCT was 
found to be safe and did not delay surgery. Eighteen patients 
underwent surgery within 4–9 weeks, and 1 patient did not 
undergo surgery due to disease progression. A pathological 
complete response (pCR) rate of 55.6%, an R0 resection 
rate of 94%, and a major pathologic response (mPR) rate of 
89% were attained. Postoperatively, the treatment protocol 
continued to work, and no recurrence was observed in any 
of the patients who received R0 resection after a median 
follow-up of 6.6 months. The researchers also found that 
PD-L1 expression was not associated with pathological 
remission, while TCF-1+ CD8+ T-cell infiltration was 
significantly higher in tumors with pCR than in those 
without pCR.

In Hong et al.’s phase II trial (NCT02844075), 28 patients 
with resectable ESCC were enrolled (10). Patients received 
concurrent neoadjuvant chemotherapy (weekly paclitaxel 
and carboplatin), radiotherapy, and pembrolizumab followed 
by surgery. Two patients did not undergo surgery due to 
death (hematemesis) and withdrawal of consent. Twelve of 
26 patients (the other two patients did not undergo surgery 
due to death (hematemesis) and withdrawal of consent.) 
achieved pCR at the primary site (pCR rate: 46.1%; 95% 
CI: 28.0–64.6%). The 6-, 12-, and 18-month overall survival 
(OS) rates were 89.3%, 80.8%, and 73.1%, respectively. 
Neutropenia (50%) and elevated liver transaminases (30.8%) 
were the most commonly occurring toxicities, and 2 patients 
died from severe lung injury following surgery.

The above studies offer early new evidence to support 
further investigation of neoadjuvant immunotherapy in 
the treatment of EC (Figure 1). However, by comparing 
the pCR rate of CROSS trial and NEOCRTEC5010 
trial after neoadjuvant chemoradiation (49% and 43.5, 
respectively) (24,25), we found that the pCR rate of 
neoadjuvant immunotherapy (pembrolizumab) combined 
with chemoradiation did not show an advantage over 
neoadjuvant chemoradiation. However, the study of 
preoperative checkpoint inhibition in EC is at early stage. 
Furthermore, the toxicities (especially immune-associated 

Table 1 Clinical trials on preoperative neoadjuvant therapy for resectable esophageal cancer in which pembrolizumab was involved

Study Phase N Treatment pCR (%) OS (%) AEs (≥3, %)

PALACE-1 I 20 Pembrolizumab + chemoradiotherapy 55.6 NR 65

NCT02844075 II 28 Pembrolizumab + chemoradiotherapy 46.1 6 mo: 89.3; 12 mo: 80.8; 18 mo: 73.1 NR

N, number; pCR, pathological response rate; AEs, adverse reactions; OS, overall survival; NR, not reported; %, percent; mo, month.

Figure 1  Historical  contribution of pembrolizumab to 
preoperative treatment of resectable esophageal cancer. PPCRT, 
preoperative pembrolizumab combined with chemoradiotherapy.

Reveal efficacy and tolerability 
(PPCRT)

PALACE-1 
NCT02844075
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pneumonia) of neoadjuvant concurrent chemoradiotherapy 
plus immunotherapy, are to be considered moving forward. 
Therefore, many controversies still surround the use of 
neoadjuvant immunotherapy for EC.

Treatment of advanced EC

During the early stage, EC lacks typical symptoms; thus, 
in most cases, the disease has already progressed to an 
advanced stage at diagnosis. In some other cases, the 
cancer progresses to an advanced stage after the patient 
has received treatment. Consequently, the long-term 
survival rate of patients with EC is low. Previous treatment 
of patients with advanced EC has mostly focused on 
radiotherapy, chemotherapy, chemoradiotherapy, and/

or palliative resection, which significantly lower patients’ 
quality of life while achieving temporary disease control 
(3,5). Immune checkpoint inhibitors have been incorporated 
into the treatment of malignancies including EC, gastric 
cancer, lung cancer, and colorectal cancer (26-29). There 
is growing evidence that immune checkpoint inhibitors 
such as pembrolizumab could play important roles in the 
treatment of patients with advanced EC (Table 2, Figure 2).

Phase I clinical trials

In KEYNOTE-028 a phase IB study of patients with PD-
L1-positive advanced solid tumors, 28 eligible patients 
with ESCC or adenocarcinoma of the esophagus or 
gastroesophageal junction for whom standard therapy 
had failed were given pembrolizumab 10 mg/kg every 
2 weeks (11). Twenty-three PD-L1–positive [combined 
positive score (CPS) ≥1%] patients were entered into the 
final analysis. The median follow-up was 7 months (range, 
1 to 33 months). The overall response rate (ORR) was 
30% (95% CI: 13–53%); the median duration of response 
was 15 months (range, 6–26 months); the median PFS 
was 1.8 months (95% CI: 1.7–2.9 months); the 12-month 
progression-free survival (PFS) rate was 22%; the median 
OS was 7.0 months (95% CI: 4.3–17.7 months); and 
the 12-month OS rate was 40%. Grade 3 toxicities were 
reported in 39% of patients, but no grade 4 events were 
recorded. The authors concluded that pembrolizumab 
demonstrated similar efficacy and safety profile in PD-
L1–positive advanced EC as it did in other tumors. 
KEYNOTE-028 was the first study to demonstrate the 
activity and safety of pabolizumab in the treatment of 
advanced EC (Figure 2).

Table 2 Clinical trials on advanced esophageal cancer in which pembrolizumab was involved

Study Phase N Treatment OS (m, mo) PFS (m, mo) ORR (%) DOR (m, mo) AEs  (≥3, %)

KEYNOTE-028 I 23 Pembrolizumab 7 1.8 30 15 17.4

KEYNOTE-180 II 121 Pembrolizumab 5.8 2 9.9 Nr 12.4

KEYNOTE-181 III 628 T1: chemotherapy; T2: 
pembrolizumab 

T1: 7.1; T2: 7.1 T1: 2.1; T2: 3.4 T1: 6.7;  
T2: 13.1

NR T1: 40.9;  
T2: 18

KEYNOTE-590 III 749 T1: chemotherapy + placebo; 
T2: chemotherapy + 

pembrolizumab

T1: 9.8; T2: 
12.4; HR =0.73, 

P<0.0001

T1: 5.8; T2: 6.3;  
HR =0.65, 
P<0.0001

T1: 29.3;  
T2: 45.0; 

NR T1: 68;  
T2: 72

N, number; OS, overall survival; PFS, progression-free survival; ORR, overall response rate; DOR, duration of response; m, median; mo, 
month; %, percent; Nr, not reached; NR, not reported; AEs, adverse reactions.

Figure 2 The historical progression of pembrolizumab into the 
first- and second-line treatment of advanced/recurrent/metastatic 
non resectable esophageal cancer.

KEYNOTE-028

KEYNOTE-180
KEYNOTE-181

KEYNOTE-590

The efficacy and safety of pembrolizumab 
were confirmed for the first time

Pembrolizumab was approved for 
second-line treatment

Pembrolizumab officially enters the first 
line of treatment
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Phase II clinical trials: multiline therapies

The phase II ,  open-label ,  non-randomized study 
KEYNOTE-180 enrolled 121 patients with advanced, 
metastatic EC that had progressed after 2 or more lines of 
therapy (12). Among the patients, 63 (52.1%) had ESCC 
and 58 (47.9%) had adenocarcinoma. Pembrolizumab, 
200 mg, was administered intravenously every 3 weeks. 
After treatment, the tumor burden decreased in 43 of  
106 patients. The median PFS was 2.0 months (95% 
CI: 1.9–2.1 months), and the 6- and 9-month PFS rates 
were 16% (95% CI: 10–23%) and 9% (95% CI: 5–16%), 
respectively. The median OS was 5.8 months (95% CI: 
4.5–7.2 months), and the 6- and 12-month OS rates were 
49% (95% CI: 40–57%) and 28% (95% CI: 20–37%), 
respectively. The ORR was 14.3% (95% CI: 6.7–25.4%) in 
patients with ESCC (52.1%), 13.8% (95% CI: 6.1–25.4%) 
in PD-L1-positive patients, and 6.3% (95% CI: 1.8–15.5%) 
in PD-L1-negative patients. PFS was similar across all 
subgroups, while OS was longer for the ESCC and PD-
L1-positive patients than for the PD-L1-negative patients. 
In this phase II clinical trial, pembrolizumab demonstrated 
antitumor activity of clinical significance regardless of 
tumor histology.

Phase III clinical trials: second-line therapies

The multi-center, randomized, open-label, phase III study 
KEYNOTE-181 enrolled 628 patients with recurrent 
locally advanced or metastatic EC (or with Siewert type I 
esophagogastric junction (EGJ) adenocarcinoma) whose 
cancer progressed on or after 1 prior line of systemic 
treatment (13). The patients were randomized (1:1) to 
receive either pembrolizumab 200 mg intravenously 
(IV) every 3 weeks or the investigator’s choice from the 
following regimens: paclitaxel, docetaxel, or irinotecan. 
Randomization was stratified by geographic region and 
histologic subtype. The primary efficacy outcome measure 
was OS of patients with ESCC, patients with tumors 
expressing a high level of PD-L1 (CPS ≥10), and all 
intention-to-treat patients. The secondary endpoints were 
PFS, ORR, and treatment safety/tolerance. 

In the pembrolizumab and chemotherapy groups, 
the median follow-up period was 7.1 and 6.9 months, 
respectively. OS was longer with pembrolizumab than with 
chemotherapy (n=222) for patients with CPS ≥10 [median: 9.3 
vs. 6.7 months; hazard ratio (HR), 0.69; 95% CI: 0.52–0.93; 
P=0.0074]. The estimated 12-month OS rate was 43% 

with pembrolizumab versus 20% with chemotherapy. The 
incidence of overall treatment-related AEs (64% vs. 86%) 
was significantly lower in the pembrolizumab group than in 
the chemotherapy group, as was that of grade 3–5 treatment-
related AEs (18.2% vs. 40.9%). Subgroup analysis showed 
that Asian populations and patients with ESCC could benefit 
more from immunotherapy, and there were also notable 
differences in the efficacy of immunotherapy in terms of 
geographic region and pathological type, which should be 
carefully considered in future clinical studies on EC.

The authors concluded that pembrolizumab prolonged 
OS compared with chemotherapy as a second-line therapy 
for advanced EC in patients with PD-L1 CPS ≥10, with 
superior safety. Accordingly, the USFDA has approved 
pembrolizumab as a standard second-line treatment for 
ESCC with positive PD-L1 expression (CPS ≥10) in 2019 
(Figure 2).

Phase III clinical trials: first-line therapies

KEYNOTE-590 was a randomized, double-blind phase 
III study of pembrolizumab plus chemotherapy versus 
chemotherapy alone in patients with locally advanced/
unresectable or metastatic adenocarcinoma, ESCC, 
or Siewert type 1 gastroesophageal junction (EGJ) 
adenocarcinoma (14). The chemotherapy regimen was 
5-fluorouracil combined with cisplatin (FP). At the data 
cutoff, 749 patients (including 548 patients with ESCC) 
were randomized (373 pembrolizumab plus chemotherapy; 
376 placebo plus chemotherapy). Pembrolizumab plus 
chemotherapy was superior to placebo plus chemotherapy 
with respect to OS for patients with ESCC (HR 0.72) or 
CPS ≥10 (HR 0.62), and especially so for patients with 
ESCC and CPS ≥10 (median: 13.9 vs. 8.8 months; HR 
0.57; P<0.0001). In the pembrolizumab plus chemotherapy 
group (n=373) and the placebo plus chemotherapy group 
(n=376), the confirmed ORR was 45.0% vs. 29.3% 
(P<0.0001), respectively, with a median duration of 
response of 8.3 vs. 6.0 months (P<0.0001), respectively. For 
the total study population, the OS of the pembrolizumab 
plus chemotherapy group was significantly longer than 
that of the placebo plus chemotherapy group (12.4 vs. 
9.8 months, P<0.0001, HR 0.73). Thus, when used 
in a first-line setting, pembrolizumab combined with 
chemotherapy (5-fluorouracil and cisplatin) provided good 
efficacy and safety for patients with advanced EC and EGJ 
adenocarcinoma. 

The results of this trial pave the way for pembrolizumab 
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combined with chemotherapy to be the first-line treatment 
for advanced ESSC even on March 22, 2021, the USFDA 
generically approved pembrolizumab in combination with 
platinum and fluorouracil chemotherapy for first-line use 
in advanced EC and EGJ cancers, regardless of histological 
or tumor PD-L1 status (Figure 2). However, data from the 
KEYNOTE-590 trial also showed that in patients with 
PD-L1 CPS <10 (n=347), the combination therapy did not 
provide a statistically significant survival benefit compared 
with chemotherapy alone [HR 0.86; 95% CI: 0.68–1.10; 
mOS 10.5 (9.7–13.5) vs. 10.6 (8.8–12.0)]. The data suggest 
a lack of benefit from the addition of pembrolizumab to 
platin/FP in CPS <10, despite the FDA approval. 

Pembrolizumab-related AEs

The use of pembrolizumab prompts the immune system 
to attack normal cells, which may result in autoimmune 
diseases. Common side effects of the drug include pruritus, 
rash, cough, fever, nausea, and constipation. Moreover, AEs 
to pembrolizumab, such as immune-associated pneumonia 
and acute respiratory distress syndrome, should not be 
underestimated (15,30).

In the PALACE-1 study, the incidence of AEs of 
grade 3 or higher was 65%, with the most common AE 
being lymphopenia (12/13, 92%) (9). One patient died of 
esophageal rupture. In the KEYNOTE-028 trial, 9 patients 
(39.1%) suffered AEs, the most common of which were 
rash, loss of appetite, and decreased lymphocyte count (11). 
Although 4 patients experienced grade 3 AEs, no AEs of 
grade 4 or higher or deaths occurred.

Among the 121 patients in the KEYNOTE-180 trial,  
70 patients experienced different degrees of AEs, with 
the most common AEs being fatigue, rash, pruritus, 
hypothyroidism, and diarrhea (12). Only 5 patients 
d i scont inued treatment  because  of  AEs.  Fi f teen 
patients suffered from AEs of grade 3 to 5, and 1 died 
of treatment-related pneumonia. Twenty-five patients 
experienced immune-related adverse events (irAEs). The 
incidence of drug-related AEs of all-grades was 64% with 
pembrolizumab compared to 86% with chemotherapy, and 
grade 3 to 5 drug-related AEs occurred at a rate of 18% 
and 41%, respectively. The most commonly occurring AEs 
in the pembrolizumab group were fatigue, hypothyroidism, 
decreased appetite, asthenia, and nausea, while fatigue, 
diarrhea, and hematologic toxicity were most common 
in the chemotherapy group. Treatment-related AEs led 
to the discontinuation of therapy in approximately 6% of 

patients in each group and to the deaths of 5 patients in 
each group. Immune-mediated AEs and infusion reactions 
occurred in 23.2% of patients in the pembrolizumab 
group and in 7.4% of patients in the chemotherapy group. 
In the ongoing KEYNOTE-590 trial, the incidence of 
AEs of grade 3 or higher was higher in the pembrolizumab 
plus chemotherapy group (72%) than in the chemotherapy 
group (68%), as was the rate of treatment discontinuation 
(19% vs. 12%) (14).

Therefore, whether pembrolizumab is used alone 
or in combination with chemotherapy, compared with 
chemotherapy alone, there is no advantage in tolerability. 
Furthermore, the toxicities of neoadjuvant concurrent 
chemoradiotherapy plus immunotherapy, especially the 
occurrence of immune-associated pneumonia, are rather 
concerning.

Discussion

Pembrolizumab has demonstrated survival benefit and good 
tolerability in the treatment of various cancers, and the 
USFDA has approved it as an immune checkpoint inhibitor 
for any unresectable or metastatic solid tumor with a 
specific genetic signature. As shown in many clinical trials, 
pembrolizumab is effective and has good tolerability for the 
treatment of resectable or advanced EC.

However, in KEYNOTE-180, the ORR of patients with 
PD-L1-positive (CPS ≥10) advanced EC was significantly 
higher than that of patients with PD-L1-negative (CPS <10)  
EC (12). The phase III KEYNOTE-181 found that 
among patients with PD-L1-positive advanced EC, the 
OS rate was significantly higher in the pembrolizumab 
group than in the chemotherapy group; however, a 
significant advantage of pembrolizumab treatment was 
not found among patients with PD-L1-negative EC (13). 
The subgroup analysis also showed that the OS rate was 
significantly higher in the pembrolizumab group than in the 
chemotherapy group among PD-L1-positive (particularly, 
with CPS =10 or higher) patients with ESCC, whereas 
there was no significant difference in OS between the 
pembrolizumab and chemotherapy groups among PD-L1-
positive patients with esophageal adenocarcinoma (13).  
Thus, pembrolizumab may only have unique benefits 
for specific patients (for instance, patients with PD-L1-
positive with CPS =10 or higher ECSS). However, both the 
KEYNOTE-180 and KEYNOTE-181 trials defined PD-
L1 positivity as a CPS score of ≥10 (i.e., PD-L1 detected in 
at least 10% of tumor or inflammatory cells or in the lung 
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mesenchyme), and the optimal cut-off for CPS deserves 
further exploration and validation. Also, some patients with 
a CPS score of <10 also achieved a clinical response after 
pembrolizumab treatment; thus, PD-L1 expression may 
be only 1 of the indications for pembrolizumab treatment, 
rendering PD-L1 testing alone to be insufficient for patient 
selection (31). Based on the currently available clinical 
evidence, the USFDA has approved pembrolizumab as a 
second-line treatment for patients with PD-L1-positive 
advanced, metastatic, or progressive ESCC, making it the 
first anti-PD-1 therapy to be approved for the treatment of 
ESCC. Other biomarkers, such as high MSI or mismatch 
repair deficiency, are also under constant investigation (32).

Interesting early results have become available from trials 
of the combination of pembrolizumab with chemotherapy. 
The phase  I I I  t r i a l  KEYNOTE-590  found  tha t 
pembrolizumab plus chemotherapy demonstrated a survival 
advantage over chemotherapy combined with placebo in 
patients with advanced EC in the overall population of 
any PD-L1 status, but this benefit appeared to be derived 
primarily from patients with a high expression of PD-L1 
(CPS ≥10) (14). In particular, among patients with ESCC and 
CPS ≥10, the combination treatment showed an even more 
obvious advantage over advantage over chemotherapy plus 
placebo. The objective response rate was also greater in the 
combination group than in the chemotherapy plus placebo. 
This result led the FDA to approve pembrolizumab in 
combination with chemotherapy for the first-line treatment 
of locally advanced unresectable or metastatic esophageal and 
gastroesophageal junction cancers. Data published from the 
KEYNOTE-181 and KEYNOTE-590 trials showed that 
patients with esophageal cancer with either pembrolizumab 
combined immunotherapy or pembrolizumab monotherapy 
had longer long-term survival compared with chemotherapy 
alone when CPS was not differentiated. This survival 
advantage was more significant in patients with ESCC and 
CPS ≥10. For patients with advanced esophageal cancer 
with recurrence or metastasis after first-line or multi-line 
treatment, conventional radiotherapy, chemotherapy or 
radiotherapy are difficult to exert efficacy. Pembrolizumab 
gives these patients new light.

As with advanced EC, we have also witnessed the short-
term treatment efficacy and clinical tolerability of treatment 
combinations with pembrolizumab in resectable EC from 
the PALACE-1 trial and the NCT02844075 trial (9,10). 
For patients with resectable esophageal cancer, there 
are new options for preoperative treatment. However, 
comparing the two studies with the Cross trial and 

NEOCRTEC5010 trial (24,25), we found that the pCR 
rates of the combination of neoadjuvant pembrolizumab 
and chemotherapy did not significantly improve over 
neoadjuvant chemotherapy, even patients had to bear the 
additional side effects of the immune checkpoint inhibitors. 
The PALACE-1 study showed that PD-L1 expression was 
not associated with pathological response, while TCF-
1+ and CD8+ T cell infiltrates in tumors with PCR were 
significantly higher than those in tumors without PCR (9).  
Therefore, the method of predicting whether or not 
resectile EC patients will achieve PCR after neoadjuvant 
pembrolizumab combined with chemoradiotherapy remains 
unclear and needs further investigation. 

Additionally,  an ongoing phase Ib-2 trial  (CP-
MGAH22-05) also revealed that margatuximab in 
combination with pembrolizumab had good tolerability 
and efficacy in the treatment of human epidermal growth 
factor receptor 2 (HER2) positive gastroesophageal 
adenocarcinoma (33). KEYNOTE-975, a randomized, 
multicenter, double-blind, phase III study investigating 
the possibility of using pembrolizumab in the definitive 
chemoradiation setting, is currently in the patient 
recruitment stage (34). Patients with inoperable locally 
advanced, but non-metastatic ESCC or adenocarcinoma 
or Siewert type 1 adenocarcinoma of the EGJ will be 
randomly assigned (1:1) to receive pembrolizumab plus 
definitive chemoradiotherapy (dCRT) or a placebo plus 
dCRT. The trial will attempt to determine whether 
pembrolizumab combined with dCRT can prolong OS 
and improve tolerability in patients with advanced EC 
compared to dCRT alone. The trial has not distinguished 
between different PD-L1 expression status during 
patient enrolment, and again, PD-L1 positivity has been 
defined as a CPS of ≥10 (34). Other ongoing clinical trials 
including NCT02844075, NCT02998268, NCT03322267, 
NCT04389177, and NCT04435197 are expected to yield 
further clinical evidence to illustrate the efficacy and 
tolerability of pembrolizumab. 

Other immune checkpoint inhibitors (e.g., nivolumab, 
tislizumab, toripalimab, sintilimab and camrelizumab as well 
combination of nivolumab and ipilimumab) targeting PD-1 
(and CTLA4) have also shown notable antitumor potential. 
The follow-up findings of a phase III clinical trial revealed that 
nivolumab demonstrated significantly better overall efficacy 
than chemotherapy in patients with advanced ESCC that was 
refractory or who were intolerant to previous chemotherapy, 
regardless of PD-L1 expression (35). The CheckMate-577 
trial also demonstrated that nivolumab prolonged the 
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PFS of patients with resected EC following neoadjuvant 
chemoradiotherapy (36). Camrelizumab and tislelizumab have 
also shown promising results in their respective clinical trials 
(ESCORT and Rationale 302trial) (37).

Despite the remarkable advances shown by pembrolizumab 
in terms of efficacy and tolerability, its shortcomings 
should not be ignored. First, as an immune checkpoint 
inhibitor, pembrolizumab is a systemic treatment drug 
that not only acts in tissues affected by the tumor but 
in all tissues in the human body. Therefore, a thorough 
evaluation of the patient is required before pembrolizumab 
is used. Severe infusion-related reactions were reported 
in patients receiving pembrolizumab (11-13). For severe 
infusion reactions, the infusion must be discontinued 
and pembrolizumab discontinued. Patients with mild 
or moderate infusion reactions can continue to receive 
pembrolizumab under close monitoring; at the same time, 
antipyretic and analgesic anti-inflammatory drugs and 
antihistamines can be considered for prevention. Also, 
irAEs in patients treated with pembrolizumab cannot be 
ignored, such as dermatologic toxicity, endocrinopathies, 
colitis, pneumonitis and liver toxicity (11-14,19,38). In 
the KEYNOTE-180 trial, 70 of 121 patients experienced 
AEs of varying severity, including irAEs in 25 cases (12). 
In the KEYNOTE-181 trial, the pembrolizumab arm 
had a lower overall rate of AEs than the chemotherapy 
arm; the pembrolizumab arm did, however, have a higher 
proportion of immune-mediated and infusion reactions 
(23.2% vs. 7.4%) (13). Similarly, in the KEYNOTE-590 
trial, the incidence of AEs of grade 3 or higher was higher 
in the pembrolizumab plus chemotherapy group (72%) 
than in the chemotherapy-alone group (68%) (14). Thus, 
the immunotherapy showed no advantage in terms of 
tolerability compared to chemotherapy. A meta-analysis 
showed that the relative risk of fatal adverse events (FAEs) 
was independent of tumor type (P=0.99) (39). The total 
incidence of FAEs in patients treated with pembrolizumab 
was 1.2% (95% CI: 0.5–2.8%) (39). Grade 1–2 irAEs are 
currently commonly controlled with steroids and other 
immunomodulators; Grade 3 and 4 irAEs require high doses 
of glucocorticoids or permanent discontinuation (40,41).

Current evidence does suggest that pembrolizumab 
i s  s u p e r i o r  i n  l o n g - t e r m  s u r v i v a l  c o m p a r e d  t o 
chemoradiotherapy. However, it is undeniable that it 
does not have advantages in terms of AEs, especially in 
immune-related adverse events. The risk of FAEs with 
pembrolizumab monotherapy may be similar to that with 
conventional chemotherapy (P=0.35) (39). However, 

when pembrolizumab was used in combination with 
chemotherapy, the risk of treatment-related mortality 
increased by 58 percent (39). Moreover, pembrolizumab 
is expensive and is a significant burden for most patients. 
Take a 100 mg/4 mL box of Pembrolizumab, which costs 
$4,800 in the US. In Hong Kong, China, the price is HK 
$30,000. In mainland China, it costs 54% of what it costs 
in the United States. Therefore, we need to develop and 
validate a “suite” of feasible biomarkers and establish 
large-scale databases in large centers for the creation of 
prognostic prediction models for the treatment of EC 
with pembrolizumab and for the screening of patients with 
optimal efficacy and safety profiles (42,43). It has been 
found that chemotherapy decreases PD-L1 expression, 
while chemoradiotherapy increases PD-L1 expression in 
tumor cells (44,45). Therefore, in efforts to build predictive 
models and develop biomarkers, attention needs to be paid 
to pembrolizumab as a monotherapy and as a combination 
treatment with radiotherapy and/or chemotherapy. The 
role of multidisciplinary collaborative care should also be 
emphasized further (46).

Questions to be further considered

What roles do postoperative adjuvant therapy and adjuvant 
immunotherapy play in the treatment of esophageal 
cancer? Can you describe the real-world applications of 
these therapies in your center?

Expert opinion: Ken Kato
Checkmate-577 shows the benefit of adjuvant use of 
nivolumab for esophageal cancer. To adapt this for the 
“Japanese” clinical practice of esophageal cancer, we should 
take attention to two questions. One is whether nivolumab 
plays a positive role even after neoadjuvant chemotherapy? 
Neo-chemo is the standard of care for Japanese Eso Ca 
patients. The use of radiation before surgery may be the 
cause of the positive result of nivolumab. There is no 
evidence of adjuvant Nivo using after neo-chemo-surgery. 
Another is the difference in the surgical procedures. Radical 
lymph node dissection has performed in Japan compared 
to Western countries, and basal survival result was different 
from Western and Eastern. It is still a question whether 
Nivo could make difference after surgery with radical LN 
dissection.

Expert opinion: Harry H. Yoon
For patients with esophageal squamous cell carcinoma or 
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adenocarcinoma who completed trimodality therapy and 
had residual tumor in the resected specimen, adjuvant 
nivolumab for one year is the new standard of care. We are 
now generally providing this treatment in our patients in 
this setting. However, exploratory analyses of CM-577 in 
the subgroup with PD-L1 CPS <5 [HR 0.89 (0.65–1.22); 
n=295] raises questions and warrants further investigation 
in future studies.

Expert opinion: Jaafar Bennouna
The recent publication of the CheckMate 577 raised 
many questions. The CheckMate 577 is an international 
randomized multicentric phase III trial comparing in 
resected stage II, III esophageal and gastro-oesophageal 
junction cancer nivolumab versus placebo for 1 year. The 
primary endpoint was Disease Free Survival. Patients have 
to be initially treated according to the CROSS regimen with 
neo-adjuvant chemoradiotherapy. Patients were randomized 
in a 2:1 ratio within 4 to 16 weeks followed surgery. Overall 
Patients receiving nivolumab had a longer DFS of 22.4 
versus 11.0 months in the placebo arm (HR 0.69; 96.4% 
CI: 0.56–0.86). Among patients with adenocarcinoma 
histology, the median DFS were 19.4 and 11.1 months in 
the nivolumab and placebo arms, respectively (HR 0.75; 
95% CI: 0.59–0.96). In squamous histology, the benefit 
was amplified, 29.7 versus 11.0 months with an HR of 
0.61 (95% CI: 0.42–0.88). However, there are still certain 
issues outstanding. The subgroup analysis didn’t show any 
advantage for gastro-oesophageal junction cancer (22.4 vs. 
20.6 months; HR 0.87; 95% CI: 0.63–1.21), ypN0 (NR vs. 
27.0 months, HR 0.74; 95% CI: 0.51–1.06), or yPT3-T4 
(18.9 vs. 14.1 months, HR 0.84; 95% CI: 0.64–1.11). More 
importantly, the median DFS of patients with tumors with 
CPS-PD-L1 <5 did not differ between the nivolumab arm 
and the placebo arm (16.3 vs. 11.1 months; HR 0.89; 95% 
CI: 0.65–1.22). Conversely, the difference was statistically 
significant in patients with tumors with CPS ≥5 (29.4 vs. 
10.2 months; HR 0.62; 95% CI: 0.46–0.83). Median OS 
was not yet available. In conclusion, several issues remain 
unanswered and there is a need to identify predictive 
molecular biomarkers for response to nivolumab in adjuvant 
setting with the aim to better select eligible patients.

Expert opinion: Jaffer A. Ajani
Based on Checkmate 577, we recommend adjuvant 
Nivolumab in esophageal cancer patients who have 
residual cancer in the resected specimen after trimodality 
therapy.

Expert opinion: Joseph Chao
The initial presentation at the 2020 ESMO Congress and 
recent publication for the CheckMate 577 trial supports 
the use of adjuvant nivolumab for 1 year in patients 
with EC specifically with lack of a complete pathologic 
response after neoadjuvant chemoradiotherapy and 
surgery (34). As this treatment approach received category 
1 recommendation in NCCN guidelines, this has emerged 
as a standard of care at our center and received FDA 
approval as of May 20, 2021.

Can neoadjuvant immunotherapy plus chemotherapy 
replace neoadjuvant radiochemotherapy in the treatment 
of esophageal cancer?

Expert opinion: Ken Kato
At this time, phase I study of neo-CRT with immunotherapy 
for Eso Ca did not show IO's adding effect. The result 
of JCOG1109 will become later this year. There is the 
possibility of neo-chemo with triplet regimen is better than 
neo-CRT. If so, neo-chemo plus IO is a candidate for the 
new promising regimen instead of neo-CRT. JCOG1804E, 
which evaluates the safety and efficacy of neo-chemo 
combined with nivolumab, will make the answer for this.

Expert opinion: Harry H. Yoon
This remains unknown at the current time. Right 
now, preoperative chemotherapy or preoperative 
radiochemotherapy are the standard options for operable 
patients. Many ongoing studies are evaluating the potential 
benefit from adding immunotherapy to both approaches, 
including KN-585.

Expert opinion: Jaafar Bennouna
There are several theorical advantages to position 
immunotherapy in neo-adjuvant setting, particularly in 
combination with chemotherapy: (I) increase the major 
pathological response to chemotherapy alone, (II) evaluate 
the response to immunotherapy on surgical specimen, 
allowing to better target patients for immunotherapy 
in adjuvant setting, and preserve patients for potential 
toxicities to radiotherapy. Conversely, immunotherapy in 
neo-adjuvant setting could induce severe auto-immune 
toxicities impair surgery. This multi-modal strategy should 
be evaluated in a randomized phase 3 trial were the standard 
arm would be neo-adjuvant radio-chemotherapy, surgery 
and nivolumab for 1 year. Stratification factors should 
include CPS <5 or ≥5.
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Expert opinion: Jaffer A. Ajani
I believe this is possible as radiation’s contribution is rather 
marginal but chemotherapy also is generally ineffective but 
the additional immunotherapy (especially, next generation 
checkpoint inhibitors) might prove very effective.

Expert opinion: Joseph Chao
This is  a  controversial  topic and only applies  to 
adenocarcinoma histology. Both perioperative chemotherapy 
and neoadjuvant chemoradiation can be considered 
acceptable approaches in esophageal adenocarcinoma, 
though our center prefers chemoradiation. Readouts 
from randomized trials such as ESOPEC will hopefully 
provide better clarity of perioperative chemotherapy versus 
neoadjuvant chemoradiotherapy. With readout also pending 
from KEYNOTE-585, there is insufficient data to indicate 
neoadjuvant immunotherapy plus chemotherapy can replace 
neoadjuvant chemoradiotherapy.

After neoadjuvant radiotherapy for surgical pathology–
confirmed esophageal squamous carcinoma with lymph 
node metastasis in the clinical setting, should the next 
treatment be watch-and-wait, chemotherapy, radiotherapy, 
or immunotherapy?

Expert opinion: Ken Kato
The Japanese practical guideline recommended none of 
the adjuvant treatment for such patients after surgery. 
According to the result of CM-577, nivolumab has 
become the standard of care for such patients. But the 
benefit of adjuvant nivolumab is still unclear for the 
patients who received neoadjuvant chemotherapy before 
surgery.

Expert opinion: Harry H. Yoon
For tissue-confirmed ESCC with clinically staged regional 
nodal metastases, patients are treated with (A) definitive 
radiochemotherapy or (B) preoperative radiochemotherapy 
followed by surgery.

For patients who underwent A, the standard of care is 
typically to proceed with surveillance (e.g., “watch and 
wait”). Surveillance may include serial EGD/biopsy for 
patients who are believed to potentially be able to undergo 
future resection.

For patients who underwent B, and who have residual 
tumor cells in the resected specimen, the standard in the 
US is adjuvant nivolumab for 1 year (see above).

For patients who underwent B, and who have do not 
have residual tumor cells in the resected specimen, the 
standard of care is typically to proceed with surveillance.

Expert opinion: Jaafar Bennouna
For me, neo-adjuvant radiotherapy alone is not indicated.

Expert opinion: Jaffer A. Ajani
Immunotherapy. Very effective for this histology.

Expert opinion: Joseph Chao
As per item 1, if a patient does not exhibit a complete 
pathologic response after neoadjuvant chemoradiotherapy 
and surgery, regardless of squamous cell or adenocarcinoma 
histology, 1 year of adjuvant nivolumab immunotherapy 
should be the preferred approach based on the CheckMate 
577 trial results.

Conclusions

Pembrolizumab has good efficacy and tolerability profiles, 
and has emerged as a second-line option for the treatment 
of PD-L1-positive locally advanced or metastatic ESCC. 
So far, studies have focused on its potential use as a first-
line treatment, as perioperative, (neoadjuvant or adjuvant) 
therapy, and/or in real-world settings. Research has 
demonstrated that pembrolizumab has many promising 
applications, and further investigations into its mechanisms 
should be conducted.

Outlook

Controversies still exist regarding the role of pembrolizumab 
as an adjuvant or neoadjuvant therapy for EC, its value for 
patients with oncogenic mutations, and its combination 
with other agents (e.g., other immunotherapeutic drugs, 
biologics, and angiogenesis inhibitors) or radiotherapy. 
These issues need to be addressed in future studies.
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