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Introduction

Worldwide, esophageal cancer is the ninth most common 
cancer and the sixth most frequent cause of cancer-related 
death (1). Esophageal squamous cell carcinoma (ESCC) 

accounts for almost 90% of cases in the Asian population (2).  

In China, ESCC is the fourth most common cancer and 

more than half of the global cases of ESCC occur in  

China (3). However, there are limited options for the 
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treatment of patients with locally advanced or metastatic 
esophageal cancer. Furthermore, the prognosis is still poor 
in patients with metastatic esophageal cancer, with 5-year 
survival rates of less than 5% (4).

Recently, accumulating data showed promising efficacy 
and safety of anti-PD-1 antibodies in patients with advanced 
or metastatic ESCC (5-9). In the first-line treatment of 
patients with advanced or metastatic disease, the phase 3 
KEYNOTE-590 study (5,10) showed an improvement 
in overall survival (OS) in patients with ESCC and a PD-
L1 combined positive score (CPS) of 10 or more [median 
13.9 (95% CI: 11.1–17.7) vs. 8.8 (95% CI: 7.8–10.5) 
months; hazard ratio (HR): 0.57 (95% CI: 0.43–0.75); 
P<0.0001]. Although neoadjuvant chemoradiotherapy 
before surgery has been strongly recommended for 
resectable ESCC patients (11,12), the 5-year OS rate 
was about 47%, and 49% of patients developed either 
locoregional progression or distant progression (12). The 
PLACE-1 study investigated the safety and activity of 
preoperative pembrolizumab combined with concurrent 
chemoradiotherapy (PPCT) in patients with resectable 
ESCC (6). It showed that PPCT was safe, and induced a 
pathologic complete response (pCR) in 55.6% of resected 
tumors. However, further phase 3 multicenter studies are 
required for confirmation.

Taken together, PD-1 inhibitors have demonstrated 
promising safety and efficacy as therapies for patients with 
different stages of ESCC. However, data are currently 
lacking on the real-world treatment patterns in patients 
with locally advanced or metastatic ESCC in routine clinical 
practice. This study was conducted to evaluate the safety 
and efficacy of combined treatment with pembrolizumab 
therapy in a diverse population of patients with different 
ESCC clinical stages in a high-incidence, real-world 
setting. We present the following article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2779/rc).

Methods

Study design

This single-center, observational, retrospective, single-
arm study was performed in the First Medical Center of 
Chinese PLA General Hospital, and registered consecutive 
patients with previously untreated, locally advanced, or 
metastatic ESCC from October 1, 2019 to October 1, 2021 
were included. Staging was based on the American Joint 

Committee on Cancer (AJCC) Staging Manual, version 8. 
Patients were categorized by different clinical stages with 
different treatment patterns, which were at the clinician’s 
discretion. The objective response rate (ORR; defined as the 
percentage of patients whose best response was complete 
or partial response) was reported. Treatment-related 
adverse events (AEs) of any grade were closely monitored 
and recorded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events (version 
4.0). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by the ethics committee of Chinese PLA General 
Hospital (No. S2021-460-03) and the informed consent of 
all patients participating in this study was obtained.

Therapeutic regimen

Neoadjuvant therapy plus surgery
Patients diagnosed with locally advanced (T2–4a with or 
without lymph node involvement and had no evidence 
of metastatic disease) and surgically resectable ESCC 
received neoadjuvant therapy followed by surgery. Patients 
received chemotherapy (platinum and nab-paclitaxel) 
plus pembrolizumab once every 3 weeks for 2 or 3 cycles. 
After neoadjuvant therapy, physical examination, routine 
laboratory tests, echocardiography, pulmonary function 
tests, and contrast-enhanced chest computed tomography 
(CT) were performed. Surgery was performed within 4 to  
6 weeks after completion of neoadjuvant therapy.

Chemoradiotherapy plus pembrolizumab
For patients with locally advanced, unresectable ESCC, the 
treatment regimen including chemoradiotherapy combined 
with pembrolizumab was used. In addition, patients with 
metastatic disease of the supraclavicular lymph nodes 
(SLNs) were also included. Platinum and nab-paclitaxel 
combined with pembrolizumab were administered once 
every 3 weeks for 2 cycles. Subsequently, patients received 
concurrent chemoradiotherapy. Radiotherapy was delivered 
by means of external-beam radiation, which started within 
1 week of chemotherapy. A total radiation dose of 54 Gy 
was given by 30 fractions, with 5 fractions per week and  
1.8 Gy each fraction. Meanwhile, patients received 
a boost of 9 Gy to the tumor sites, for a total dose of 
64 Gy delivered in 30 fractions. Treatment continued 
until radiographic progression was confirmed, or until 
unacceptable toxicity or completion of 35 cycles of 
pembrolizumab (approximately 2 years).
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Chemotherapy plus pembrolizumab
Patients with metastatic ESCC or those not suitable for 
radiotherapy received pembrolizumab plus chemotherapy 
(platinum plus nab-paclitaxel) once every 3 weeks for 4 
cycles. Treatment continued until radiographic progression 
was confirmed, or until unacceptable toxicity or completion 
of 35 cycles of pembrolizumab (approximately 2 years).

Response evaluation

Radiological responses were recorded according to the 
Response Evaluation Criteria in Solid Tumors (RECIST), 
version 1.1. For patients without measurable disease, 
we used the RECIST system to assess the primary 
esophageal lesions by measuring the longest tumor radius. 

Measurement was performed on contrast-enhanced CT 
scans. The target area was measured at a site with different 
contrast enhancement and thickness compared to the 
normal esophageal wall. Tumor radius were measured using 
the horizontal slice at the thickest part. The longest radius 
was defined as the maximum distance between the inner and 
outer tumor margins, and was used to evaluate responses 
according to the RECIST system. All the measurements 
were further reviewed by the superior physician in routine 
clinical practice.

Statistical analysis

As a single-center, real-world study, 57 patients met study 
criteria and analyzed. Continuous variables were recorded 
as median with range or mean with standard deviation (SD). 
Categorical variables were presented as frequency with 
percentage. All data were processed and analyzed using the 
Statistical Package for the Social Sciences software package 
version 19.0 (Armonk, NY, USA).

Results

Baseline demographics and characteristics

From 1 October, 2019 to 1 October, 2021, 57 patients with 
ESCC were enrolled (Table 1). Most patients were male 
(45/57, 78.9%), and 12 patients were female. The median 
age was 61 (range, 44–74) years. Most tumors were located 
in the middle third of the esophagus (27/57, 47.4%). 
Clinical stage IV ESCC accounted for about half of these 
patients (26/57, 45.6%). For primary esophageal tumors and 
lymph nodes of insufficient size, lesions for evaluation were 
classified as non-measurable. In this study, more than half of 
the patients (33/57, 57.9%) had non-measurable lesions.

Treatment patterns

Patients received different treatment patterns according to 
clinical staging (Figure 1). In this study, 20 patients received 
neoadjuvant therapy followed by surgery, and 38.6% of 
these patients received chemoradiotherapy combined with 
pembrolizumab. These patients were referred as locally 
advanced, unresectable cases. In addition, patients with 
SLN metastasis (M1) were also included, as radiotherapy 
could be performed to cover that lymph node basin. The 
other 15 patients with metastatic disease or not suitable for 
radiotherapy received chemotherapy plus pembrolizumab.

Table 1 Baseline demographics and clinical characteristics (n=57)

Characteristics N (%)

Age (years)

Median 61

Range 44–74

Sex

Male 45 (78.9)

Female 12 (21.1)

Tumor location

Proximal third 19 (33.3)

Middle third 27 (47.4)

Distal third 11 (19.3)

Clinical stage

II 12 (21.1)

III 19 (33.3)

IV 26 (45.6)

Lesions for evaluation

Non-measurable lesions 21 (36.8)

Measurable lesions 33 (57.9)

Not evaluable 3 (5.3)

Subgroups

Neoadjuvant therapy plus surgery 20 (35.1)

Chemoradiotherapy plus pembrolizumab 22 (38.6)

Chemotherapy plus pembrolizumab 15 (26.3)
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Safety and feasibility

During the combined treatment period, 39 (68.4%) patients 
developed treatment-related AEs of any grade (Table 2). 
The most common AEs were leukopenia (36.8%, 21/57), 
nausea (28.1%, 16/57), and thrombocytopenia (14%, 8/57). 

Most AEs were grade I or II. In 9 of the 57 patients (15.8%), 
grade III and higher AEs were observed. The most frequent 
grade III AE was leukopenia, which was improved after 
granulocyte colony-stimulating factor treatment.

Short-term efficacy

In this study, 57 patients were included, and 3 patients 
did not receive response evaluation for loss of follow-
up. According to the radiological evaluation methods 
mentioned above, the ORR was 74.1% (40/54) among all 
patients (Figure 2). For patients who received neoadjuvant 
therapy plus surgery, the ORR was 68.4% (13/19; Table 3). 
R0 resection was achieved for all patients who underwent 
surgery. Two patients (2/20, 10.0%) had pCR in both the 
primary tumor and lymph nodes. One patient showed 
complete response at the primary tumor site, though 
had residual cancer cells in resected lymph nodes. After 
neoadjuvant therapy, 3 patients who were classified as 
unresectable were reevaluated as resectable and received 
surgery. Seventeen patients (17/21, 81%) were downstaged 
after neoadjuvant therapy. For patients who received 
chemoradiotherapy plus pembrolizumab, the ORR was 
76.2% (16/21; Table 3), and 78.6% (11/14) of patients who 

Table 2 Summary of treatment-related AEs

Toxicity
All patients (n=57)

Any Grade ≥ III

All events, n (%) 39 (68.4) 9 (15.8)

White blood cell count decreased, n (%) 21 (36.8) 10 (17.5)

Nausea, n (%) 16 (28.1) 0

Platelet count decreased, n (%) 8 (14.0) 4 (7.0)

Diarrhea, n (%) 2 (3.5) 0

Increased blood creatinine, n (%) 2 (3.5) 0

Increased aspartate aminotransferase, 
n (%)

3 (5.3) 3 (5.3)

Rash, n (%) 2 (3.5) 0

Pneumonitis, n (%) 1 (1.7) 0

AEs, adverse events.

Figure 1 Treatment patterns of patients with different staging. ESCC, esophageal squamous cell carcinoma; SLNs, supraclavicular lymph 
nodes.

Newly diagnosed ESCC 
(n=57)

Neoadjuvant therapy

Surgery (n=20)

Resectable Unresectable

Neoadjuvant therapy

Reevaluation

M1: SLNs only Others

Chemo-radiotherapy  
+ pembrolizumab

(n=22)

Chemotherapy 
+ pembrolizumab

(n=15)

Locally advanced ESCC Metastatic ESCC
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received chemotherapy plus pembrolizumab achieved an 
objective response (Table 3). The median progression-free 
survival (PFS) and OS were not analyzed in this study as the 
follow-up time varied significantly.

Discussion

This study used data from the real world to analyze 
the safety and efficacy of combination therapy with 
pembrolizumab in routine clinical practice in China. Among 
the patients diagnosed with locally advanced or metastatic 
ESCC, 3 different treatment patterns were administered. 
The results demonstrated that combination treatment was 
associated with relatively manageable treatment-related 
AEs, and showed a satisfactory ORR.

F o r  r e s e c t a b l e  E S C C  p a t i e n t s ,  p r e o p e r a t i v e 
chemoradiotherapy followed by surgery is strongly 
recommended according to the NEOCRTEC5010 trial 
(11,13), CROSS trial (14), and FFCD-9901 trial (15). 
However, the disease progression rate was about 49%, 
and 39% of patients developed distant metastasis. 
Therefore, novel strategies of systemic therapy seems to 
be necessary. Furthermore, concurrent chemoradiotherapy 
is not commonly achieved in clinical practice in China. 

Table 3 Antitumor activity

Overall response rate
Group A 
(n=21)

Group B 
(n=19)

Group C 
(n=14)

Objective response, n (%) 16 (76.2) 13 (68.4) 11 (78.6)

Best overall response, n (%)

Complete response 0 0 0

Partial response 16 (76.2) 13 (68.4) 11 (78.6)

Stable disease 5 (23.8) 6 (31.6) 3 (21.4)

Progressive disease 0 0 0

Group A: chemoradiotherapy plus pembrolizumab; group B: 
neoadjuvant therapy; group C: chemotherapy plus pembrolizumab.

Figure 2 Changes of target lesion during treatment. (A) A waterfall plot of the maximum change in tumor size of all patients. (B) Patients 
with measurable disease were evaluated based on the RECIST system. (C) Patients with non-measurable disease were evaluated according 
to the methods mentioned in this study. Group A: chemoradiotherapy plus pembrolizumab; group B: neoadjuvant therapy; group C: 
chemotherapy plus pembrolizumab. RECIST, Response Evaluation Criteria in Solid Tumors.
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Checkpoint inhibitors have shown good safety profiles 
and antitumor activity in ESCC in several clinical trials. 
Recently, several studies investigated the efficacy of 
checkpoint inhibitors used in neoadjuvant therapy. In 
the PALACE-1 trial (6), treatment with pembrolizumab 
combined with concurrent chemoradiotherapy was 
administered. Combination treatment showed a higher 
pCR rate, and grade III and higher AEs occurred at rate 
of about 65% (13/20). In our study, ORR was achieved 
for 16 of the 20 patients (80%) who received neoadjuvant 
therapy. However, only 2 patients (2/20, 10%) had pCR in 
both primary tumors and lymph nodes. The pCR rate was 
lower compared with reported studies. Previous research 
showed that a higher pCR rate after neoadjuvant therapy 
was related to better survival (16,17). However, with regard 
to combination with checkpoint inhibitors, further studies 
should be performed to confirm the rationality of pCR 
chosen as the end point. Furthermore, the safety of the 
combination of checkpoint inhibitors and radiotherapy 
should be a main priority. High-grade AEs, especially 
pneumonitis, should be investigated in phase 3 trials.

For ESCC patients who are ineligible for curative 
resection, definitive chemoradiotherapy is recommended as 
a standard option. The RTOG-8501 trial demonstrated that 
definitive chemoradiotherapy was superior to radiotherapy 
alone (18). Recently, the abscopal effect induced by 
radiotherapy has drawn increased attention. Studies have 
shown that radiotherapy could exert immunomodulatory 
effects that may result in antitumor responses, especially 
when combined with checkpoint inhibitors (19-21). Li 
and colleagues found that the expression of PD-1 was 
increased in patients receiving radiation, indicating the 
potential combination of PD-1 inhibitors and radiation (22). 
Generally, these studies demonstrate promising results with 
combination of radiation and PD-1 inhibitors. In this study, 
pembrolizumab was administered in combination with 
chemoradiotherapy. In consideration of treatment-related 
AEs, pembrolizumab was withdrawn when radiotherapy was 
performed. As a result, this treatment pattern was safe, and 
83.3% of patients achieved an objective response. However, 
the optimal pattern of combination should be further 
investigated.

In previous study, the phase 3 KEYNOTE-590 
trial investigated pembrolizumab in combination with 
chemotherapy as a first-line treatment in patients with 
advanced esophageal cancer. The combination pattern 
showed significant improvements in OS, PFS, and ORRs. 
In a previous study, we found that nab-paclitaxel was 

effective in patients with locally advanced ESCC, with 
mild adverse effects (23). Therefore, different from the 
chemotherapy regimen of 5-fluorouracil plus cisplatin in 
the KEYNOTE-590 trial, we used the nab-paclitaxel plus 
platinum regimen in the current study.

RECIST (version 1.1) (24) is now widely applied for 
evaluating treatment efficacy in various tumors. However, 
unlike other solid tumors, primary esophageal tumors are 
often classified as “non-measurable”. In many clinical trials, 
patients with at least 1 measurable disease are required. 
However, ESCC patients with only non-measurable 
disease are often seen. In this study, more than half of the 
patients (36/57, 63.2%) were found to have non-measurable 
lesions. In addition, evaluating the effect on primary sites 
is also important in determining treatment strategies. A 
retrospective multicenter study (25) measured the longest 
and shortest tumor diameters on contrast-enhanced CT 
scans and analyzed the correlations between pathological 
and survival data in ESCC patients treated with neoadjuvant 
therapy followed by surgery. The results showed that the 
RECIST system is proper for assessing pathological response 
when using the longest radius of the primary tumor. This 
issue should be evaluated in sufficiently large cohorts.

As a real-world study, several limitations must be 
acknowledged. The sample size was small, and data were 
collected from a single center. However, real-world data can 
provide important insights into routine clinical practice and 
real-world patient care.

Conclusions

Our real-world analysis demonstrated that pembrolizumab 
in combination with chemotherapy or radiotherapy in 
ESCC patients with different clinical stages showed a 
favorable objective response and safety.
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