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Abstract

BACKGROUND

Pembrolizumab combined with chemotherapy has been proven effective as first-
line therapy in patients with advanced esophageal cancer. Few trials have
assessed the safety and efficacy of this treatment in patients with locally advanced
disease.

AIM
To analyze long-term outcomes of pembrolizumab in locally advanced or
metastatic esophageal squamous cell carcinoma (ESCC) in the real world.

METHODS

Patients with advanced ESCC admitted to our center from October 2019 to
October 2021 were enrolled in this study. Clinical staging of the patients was
based on the 8" edition of the American Joint Committee on Cancer TNM staging
system. The patients received different treatments based on clinical stage. In brief,
patients with locally advanced and resectable ESCC received neoadjuvant therapy
combined with surgery. For those who were not candidates for resection, radical
concurrent chemoradiotherapy plus pembrolizumab was more preferable.
Patients with metastatic ESCC or who were unsuitable for radiotherapy under-
went chemotherapy in combination with pembrolizumab. Long-term survival
outcomes such as overall survival (OS), progression-free survival, disease-free
survival, long-term adverse effects (AEs), immune maintenance therapy and
predictors of immune checkpoint inhibitors (ICls) efficacy were evaluated.
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RESULTS

A total of 55 patients with advanced ESCC were enrolled in this retrospective, observational study. The median age
was 61 years (range 44-74), with 47.3% (26/55) of the patients in stage IV and 45.5% of the patients had the tumor
(25/55) located in the middle third of the esophagus. The median OS in all patients was not reached. The 12-mo OS
rate among all patients was 78.8% and the 18-mo OS rate was 72.7%. 9 patients died due to tumor progression and
7 patients died due to treatment-related complications. The therapeutic effect evaluated at the interim evaluation
was significantly reflected in the long-term outcome. Patients with complete response or partial response in all
patients (P = 0.005) and in the chemoradiotherapy plus pembrolizumab group (P = 0.007) obtained a better
prognosis than non-responders. A total of 20 patients (20/55, 36%) received immune maintenance therapy.
Baseline peripheral blood biomarkers of the neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and
neutrophil-to-(leukocyte-neutrophil) ratio did not predict the efficacy of ICIs.

CONCLUSION
Pembrolizumab combined with chemotherapy or radiotherapy resulted in favorable long-term survival in patients
with locally advanced or metastatic ESCC, with safe and manageable long-term AEs.

Key Words: Esophageal cancer; Pembrolizumab; Radiotherapy; Long-term survival; Chemotherapy; Real-world

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pembrolizumab combined with chemotherapy has been proven effective as first-line therapy in patients with
metastatic esophageal cancer. Few trials have assessed the safety and efficacy of this treatment in patients with locally
advanced disease. Our study showed that this treatment in patients with locally advanced or metastatic esophageal squamous
cell carcinoma resulted in favorable long-term survival and manageable long-term adverse effects. Randomized phase II1
trials should be carried out for further verification.

Citation: Wang HC, Huang X, Chen J, Li Y, Cong Y, Qu BL, Feng SQ, Liu F. Long-term efficacy and predictors of pembrolizumab-
based regimens in patients with advanced esophageal cancer in the real world. World J Gastroenterol 2023; 29(41): 5641-5656

URL: https://www.wjgnet.com/1007-9327/full/v29/i41/5641.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i41.5641

INTRODUCTION

Esophageal cancer is the seventh most common and the sixth leading cause of malignant tumor death worldwide[1]. In
China, the incidence and mortality risk of esophageal cancer rank sixth and fourth, respectively[2]. The majority of
esophageal cancer patients in China have esophageal squamous cell carcinoma (ESCC) which accounts for 90% of tissue
types, and less than 10% have adenocarcinoma[3,4]. Most patients initially diagnosed with esophageal cancer have
advanced disease, some patients have locally advanced disease which is inoperable, and some patients have metastases to
other sites. Neoadjuvant chemoradiotherapy (nCRT) followed by surgery is the main treatment for resectable ESCCI5,6].
Radical concurrent chemoradiotherapy is an important treatment strategy for locally advanced unresectable patients[7].
For metastatic ESCC, systemic chemotherapy is the only treatment option[8,9]. In fact, for locally advanced or metastatic
ESCC, treatment modalities are limited, progress in long-term survival is slow, and the efficacy is unsatisfactory. Data
shows that the 5-year survival rate for locally advanced ESCC is no more than 30%. The 5-year survival rate for metastatic
ESCC is less than 10%[10].

In recent years, immune checkpoint inhibitors (ICls) combined with chemotherapy has made significant progress in the
first-line treatment of advanced esophageal cancer[11-15]. In the randomized phase IIl KEYNOTE-590 study, ICls therapy
targeting programmed cell death protein 1 (PD-1), pembrolizumab combined with chemotherapy showed a significant
survival advantage over chemotherapy alone in the first-line therapy. The median overall survival (OS) was more than 12
mo and the median progression-free survival (PFS) was 6.3 mo, significantly better than the median OS of 9.8 mo and the
median PFS of 5.8 mo in the chemotherapy alone group. In addition, the safety was reliable[12]. For locally advanced
patients treated with neoadjuvant therapy, a multicenter real-world study in China showed that the RO resection rate
reached 97.7% in combination with ICIs, and 25.5% of patients in the ICIs plus chemotherapy group and 42.3% of patients
in the ICIs plus chemoradiotherapy group achieved pathologic complete response (pCR)[16]. Furthermore, some single-
arm clinical trials have also investigated the application of ICIs combined with chemotherapy or concurrent chemoradio-
therapy in the field of neoadjuvant therapy[17-20]. To date, the evidence for neoadjuvant treatment combined with ICIs
remains inadequate, and results from large phase III clinical trials and long-term follow-up data are lacking. In
unresectable locally advanced ESCC, a recent phase IB clinical study examined the efficacy and safety of the PD-1
inhibitor camrelizumab combined with radical radiotherapy for locally advanced ESCC which was intolerant to
concurrent chemoradiotherapy[21]. The results showed that median OS and PFS were 16.7 mo and 11.7 mo, respectively.
The 24-mo OS rate and PFS rate were 31.6% and 35.5%, respectively. The objective response rate (ORR) was 74%. Three
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randomized phase III studies (KEYNOTE-975, ESCORT-CRT and RATIONALE 311) are currently being conducted to
further confirm the value of ICIs combined with concurrent chemoradiotherapy. Although these studies have demons-
trated the benefit of ICIs plus chemotherapy or chemoradiotherapy in locally advanced or metastatic ESCC, there is
currently a lack of reliable predictors of the efficacy of ICIs in esophageal cancer. Several retrospective studies have
explored the predictors of efficacy in subsequent-lines for ESCC, and the results showed that blood cell composition can
predict the efficacy of ICIs[22-24]. However, predictive results for first-line treatment of locally advanced or metastatic
ESCC are still lacking.

Based on this, our center conducted a real-world clinical study to examine the efficacy and safety of pembrolizumab in
neoadjuvant therapy, concurrent chemoradiotherapy and first-line therapy for ESCC[25]. Early results showed that the
combination with pembrolizumab demonstrated considerable ORR and acceptable adverse effects (AEs). We here report
the long-term survival such as OS, disease-free survival (DFS) ,PFS, long-term toxicities and ICIs completion rates. We
also assess the relationship between baseline blood cell composition indices such as the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), neutrophil-to-(leukocyte-neutrophil) ratio (ANLR) and long-term survival in
order to determine the predictive factors of IClIs.

MATERIALS AND METHODS
Study design

This single-arm, single-center, retrospective clinical study was conducted in the First Medical Center of Chinese PLA
General Hospital. Patients who were initially diagnosed with locally advanced or metastatic esophageal cancer from
October 1, 2019 to October 1, 2021 were included. Clinical staging of the patients was based on the 8" edition of the
American Joint Committee on Cancer TNM staging system. According to the different clinical stages and treatment
modalities, the patients were divided into different subgroups. ORR was defined as the proportion of total patients with
CR or partial response (PR). OS was considered the time from definitive diagnosis to death by any cause. DFS was
regarded as the period from definitive diagnosis to disease recurrence or death in operable patients. PFS was defined as
the period from definitive diagnosis to disease recurrence or death in patients with inoperable locally advanced or
metastatic esophageal cancer. Blood samples were obtained at baseline. The NLR was the total number of neutrophils
divided by the lymphocyte count. The PLR was the platelet count divided by the lymphocyte count. The dNLR
represented the total number of neutrophils divided by the difference between the total number of white blood cells and
neutrophils. The study was approved by the Ethics Committee of the Chinese PLA General Hospital in line with the
Declaration of Helsinki (as revised in 2013).

Therapeutic regimen

Neoadjuvant therapy plus surgery: Eligible patients were aged 18-75 years, initially diagnosed with operable locally
advanced ESCC (T2-4NOMO or T2-4N+M0), with Eastern Cooperative Oncology Group performance status score of 0 or 1,
and life expectancy of at least 6 mo. Patients with active autoimmune disease, and a history of ICIs or chemotherapy
treatment were excluded. The patients underwent neoadjuvant chemotherapy (lobaplatin combined with albumin-
paclitaxel) plus ICIs (pembrolizumab), prior to surgery once every 3 wk for 2 or 3 cycles. Surgery was then performed
after physical examination, laboratory tests, contrast-enhanced chest computed tomography (CT) and pulmonary
function tests.

Chemoradiotherapy plus pembrolizumab: Patients were aged 18-75 years, locally advanced and inoperable esophageal
cancer or limited to supraclavicular lymph node metastasis, with Eastern Cooperative Oncology Group performance
status score of 0 or 1, life expectancy of at least 6 mo were included. Patients with active autoimmune disease, and a
history of ICIs or chemotherapy treatment were excluded. They received radical chemoradiotherapy plus pembrol-
izumab. The patients underwent 2-4 cycles of induction therapy with a chemotherapy regimen (lobaplatin combined with
albumin-paclitaxel) plus pembrolizumab. Radical radiotherapy or chemoradiotherapy was then given and an external
irradiation technique was used. The total dose of radiotherapy was 54 Gy/30 F, 1.8 Gy each time, 5 times a week. On this
basis, primary esophageal lesions and metastatic lymph nodes received 63 Gy/30 F. Pembrolizumab could be discon-
tinued during radiotherapy due to safety concerns. After radiotherapy, pembrolizumab was used as maintenance therapy
for a total of 2 years. Treatment was suspended if disease progression or intolerable toxicity occurred.

Chemotherapy plus pembrolizumab: Patients were aged 18-75 years, diagnosed with metastatic esophageal cancer or
unsuitable for radiotherapy, with adequate organ function, Eastern Cooperative Oncology Group performance status
score of 0 or 1, life expectancy of at least 6 mo were included. Patients with active autoimmune disease, and a history of
ICI or chemotherapy treatment were excluded. A chemotherapy regimen (lobaplatin combined with albumin-paclitaxel)
plus pembrolizumab was administered every 3 wk for a total of 4 cycles, and then pembrolizumab was given as
maintenance therapy for 2 years.

Follow-up

Follow-up began at the time of the patient’s diagnosis and treatment in our hospital. The last follow-up was on December
1, 2022. Contrast-enhanced chest and abdominal CT, upper gastrointestinal contrast, ultrasound, and laboratory tests
were routinely performed during the follow-up. Gastroscopy, positron emission tomography-CT and chest magnetic
resonance imaging were also performed when necessary. Follow-up was conducted every 3 mo during the first 2 years
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and then every 6 mo thereafter. The patient’s physical condition and long-term AEs were assessed by consultation,
telephone and other methods.

Statistical analysis

SAS 9.4 was used for all statistical analyses. The Kaplan-Meier method was used to estimate OS, DFS, PFS and their
corresponding 95% confidence intervals (Cls). We divided patients into 3 subgroups according to the different treatment
modalities (neoadjuvant treatment plus ICIs, radical chemoradiotherapy plus ICIs, chemotherapy plus ICIs). For the
analysis of predictors of immunotherapy efficacy, we used a median cutoff value of 2.43 for NLR, 139.7 for PLR, and 1.72
for dNLR. The group with a larger cutoff value than the median cutoff value was defined as the high group, while the
group with a smaller value than the median cutoff value was defined as the low group.

RESULTS

Patient characteristics

A total of 55 patients with ESCC were enrolled in this study from October 1, 2019 to October 1, 2021 (Table 1). The
majority of patients were male (43/55, 78.2%) and 12 patients were female. The median age was 61 years (range 44-74),
with 47.3% (26/55) of the patients in stage IV and 45.5% of the patients had the tumor (25/55) located in the middle third
of the esophagus.

Therapeutic regimen received

Patients received different therapeutic regimens according to clinical stage. Among them, 21 patients received
neoadjuvant treatment plus pembrolizumab followed by surgery. 20 patients with locally advanced inoperable and
partial stage IV with supraclavicular lymph node metastasis were treated with radical chemoradiotherapy combined with
pembrolizumab. The remaining patients who had metastatic esophageal cancer or were unsuitable for chemoradio-
therapy received chemotherapy plus pembrolizumab.

Long-term efficacy
The median OS in all patients was not reached. The 12-mo OS rate in all patients was 78.8% and the 18-mo OS rate was
72.7% (Figure 1A). 9 patients died due to tumor progression and 7 died due to treatment-related complications. In the
subgroup analysis, the 12-mo OS rate was 65% and the 18-mo OS rate was 60% in the chemoradiotherapy plus pembrol-
izumab group (Figure 1B). The 12-mo OS rate in the neoadjuvant treatment plus pembrolizumab group was 95% and the
18-mo OS rate was 89.7% (Figure 1C). In the chemotherapy plus pembrolizumab group, the 12-mo OS rate was 75% and
the 18-mo OS rate was 66.7% (Figure 1D). The median OS for the 3 subgroups was not reached (Table 2). The 12-mo PFS
rate was 55%, the 18-mo PFS rate was 50% and the median PFS was 17 mo in the chemoradiotherapy plus pembrol-
izumab group (Figure 2A). The 12-mo DFS rate was 85%, the 18-mo DFS rate was 75% and the median DFS was not
reached in the neoadjuvant treatment plus pembrolizumab group (Figure 2B). The 12-mo PFS rate was 67.7%, the 18-mo
PFS rate was 67.7% and the median PFS was not reached in the chemotherapy plus pembrolizumab group (Figure 2C,
Tables 3 and 4).

In addition, the therapeutic effect assessed at the interim evaluation was significant in the long-term outcome. Patients
with ORR (CR or PR) in all patients (P = 0.005) (Figure 3A) and in the chemoradiotherapy plus pembrolizumab group (P
=0.007) (Figure 3B) obtained a better prognosis than non-responders. However, we did not find a tendency for benefit in

the neoadjuvant therapy followed by surgery group (Figure 3C) and chemotherapy plus pembrolizumab group
(Figure 3D).

Safety and patterns of recurrence

In the chemoradiotherapy plus pembrolizumab group, 8 patients died (4 due to esophageal fistula, 1 due to liver failure, 2
due to tumor progression, and 1 due to lung infection). 5 patients developed disease progression (4 patients had
recurrence in the radiotherapy targeted area of supraclavicular lymph node metastasis, esophageal lesion, mediastinal
lymph node and 1 patient had liver metastasis). In the neoadjuvant treatment plus pembrolizumab group, 4 patients died,
including 3 patients who died from tumor progression and 1 patient from a treatment-related complication. 7 patients
had disease recurrence and metastasis, among whom 2 patients had local recurrence and 5 patients developed distant
metastases. In the chemotherapy plus pembrolizumab group, 4 patients died (two from lung metastases and two from
liver metastases) (Table 5).

10 patients in the chemoradiotherapy plus pembrolizumab group (10/20, 50%), 3 patients in the neoadjuvant treatment
plus pembrolizumab group (3/21, 14.3%) and 7 patients in the chemotherapy plus pembrolizumab group (7/14, 50%)
received immune maintenance therapy. Rash occurred in 3 patients (3/20, 15%), 2 patients developed hypothyroidism
(2/20,10%), and 3 patients experienced pneumonia (3/20, 15%). To date, 6 patients have stopped immune maintenance
therapy due to AEs (6/20, 30%) (Table 5).

Impact of NLR, PLR, and dNLR on clinical outcomes

Figure 4 showed the relationship between the baseline NLR (Figure 4A), PLR (Figure 4B), dNLR (Figure 4C) and long-
term survival outcomes following ICIs. These results suggested that baseline NLR < 2.43, dNLR < 1.72 and PLR < 139.7
indicated a trend in OS benefit compared with NLR > 2.43, dNLR > 1.72, and PLR > 139.7, although there were no statist-
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Table 1 Patient baseline characteristics (n = 55)

Characteristics n (%)
Age (yr)
Median 61
Range 44-74
Sex
Male 43 (78.2)
Female 12 (21.8)

Tumor location

Upper esophagus 19 (34.5)
Middle esophagus 25 (45.5)
Lower esophagus 11 (20)
Clinical stage
I 10 (18.2)
I 19 (34.5)
v 26 (47.3)
Subgroups
Chemoradiotherapy plus pembrolizumab (group A) 21 (38.2)
Neoadjuvant therapy plus surgery (group B) 20 (36.4)
Chemotherapy plus pembrolizumab (group C) 14 (25.5)
All patients (n = 55) Group A (n=20) Group B (n=21) Group C (n=14)
Patients with event 16 (29.1%) 8 (40.0%) 4 (19.0%) 4 (28.6%)
Patients without event 39 (70.9%) 12 (60.0%) 17 (81.0%) 10 (71.4%)
Time to event (mo)
Median - = = -
95%CI 27.0, - 9.0, - 27.0, - 12.0, -
25% and 75%-ile 15.50, - 10.50, - 27.00, - 12.50, -
Min-max 0.5-39 5-26 2.6-39 0.5-35
12 mo probability (95%CI) 78.8 (65.1-87.7) 65.0 (40.3-81.5) 95.0 (69.5-99.3) 75.0 (40.8-91.2)
18 mo probability (95%CI) 72.7 (58.3-82.9) 60.0 (35.7-77.6) 89.7 (64.8-97.3) 66.7 (33.7-86.0)

Group A: Chemoradiotherapy plus pembrolizumab. Group B: Neoadjuvant therapy plus pembrolizumab. Group C: Chemotherapy plus pembrolizumab.
CI: Confidence interval.

ically significant differences. The P values were 0.457, 0.474 and 0.238, respectively.

DISCUSSION

Our previous results showed that PD-1 inhibitor plus chemotherapy or chemoradiotherapy had a good ORR and
manageable safety[25]. We used lobaplatin and albumin-paclitaxel as the chemotherapy regimen instead of cisplatin, as
cisplatin has AEs on renal function. The trial proved that lobaplatin had favorable results in ESCC[26]. The present study
reported the results of long-term follow-up.
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Table 3 Summary of progression-free survival

Group A (n=20) Group C (n=14)
Patients with event 11 (55.0%) 4 (28.6%)
Patients without event 9 (45.0%) 10 (71.4%)
Time to event (mo)
Median 17 -
95%CI 8.0, - 9.0, -
25% and 75%-ile 8.50, - 12.0, -
Min-max 5-26 0.5-35
12 mo probability (95%CI) 55.0 (31.3-73.5) 67.7 (34.9-86.5)
18 mo probability (95%CI) 50.0 (27.1-69.2) 67.7 (34.9-86.5)

Group A: Chemoradiotherapy plus pembrolizumab. Group C: Chemotherapy plus pembrolizumab. CI: Confidence interval.

Table 4 Summary of disease-free survival

Group B (n=21)

Patients with event 7 (33.3%)
Patients without event 14 (66.7%)

Time to event (mo)

Median -
95%CI 5.0, -

25% and 75%-ile 17.50, -
Min-max 2.6-27

12 mo probability (95%CI) 85.0 (60.4-94.9)
18 mo probability (95%CI) 75.0 (50.0-88.7)

Group B: Neoadjuvant therapy plus pembrolizumab. CI: Confidence interval.

Table 5 Patterns of recurrence and immune maintenance therapy

Patterns of recurrence

Immune maintenance therapy

Local Distant organ
Group A (20) 4(20%) 1 (5%) 10 (50%)
Group B (21) 2 (9%) 5 (24%) 3 (14.3%)
Group C (14) 2 (14.3%) 4 (28.6%) 7 (50%)

Group A: Chemoradiotherapy plus pembrolizumab. Group B: Neoadjuvant therapy plus pembrolizumab. Group C: Chemotherapy plus pembrolizumab.

For advanced ESCC, especially locally advanced disease, neoadjuvant chemotherapy plus immunotherapy followed by
surgery or chemoradiotherapy combined with immunotherapy warrants further studies, as current clinical studies are
confined to phase I-II trials, and long-term follow-up data are lacking. In the present study, relatively good long-term
outcomes were achieved with tolerable side effects, and evidence for PD-1 inhibitor combined with chemotherapy or
radiotherapy used in ESCC has been provided.

In this study, 21 patients received neoadjuvant therapy plus pembrolizumab followed by surgery. The results
demonstrated that the 12-mo DFS rate was 85%, the 18-mo DFS rate was 75%, the 12-mo OS rate was 95% and the 18-mo
OS rate was 89.7%. The median OS or DFS was not reached. The results of the NEOCRTEC 5010 study indicated that the
1-year OS rate in the nCRT group was 90% and the 2-year OS rate was 75.1%[5]. Our results were similar to those of the
NEOCRTEC 5010 trial. However, during a median follow-up of 24 mo in our study, patients were found to have local
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Figure 1 Kaplan-Meier plot of overall survival. A: Kaplan-Meier plot of overall survival (OS) in all patients; B: Kaplan-Meier plot of OS in group A; C: Kaplan-
Meier plot of OS in group B; D: Kaplan-Meier plot of OS in group C. Group A: Chemoradiotherapy plus pembrolizumab; Group B: Neoadjuvant therapy plus
pembrolizumab; Group C: Chemotherapy plus pembrolizumab; OS: Overall survival; Cl: Confidence interval.
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Figure 2 Kaplan-Meier plot of progression-free survival. A: Kaplan-Meier plot of progression-free survival (PFS) in group A; B: Kaplan-Meier plot of
disease-free survival in group B; C: Kaplan-Meier plot of PFS in group C. Group A: Chemoradiotherapy plus pembrolizumab; Group B: Neoadjuvant therapy plus
pembrolizumab; Group C: Chemotherapy plus pembrolizumab; PFS: Progression-free survival; Cl: Confidence interval; DFS: Disease-free survival.

recurrence in mediastinal lymph nodes, anastomotic stoma and retroperitoneal lymph nodes. Lung, pleural effusion, and
supraclavicular lymph node metastases were found in 23.8% of patients (5/21). The 10-year pattern of recurrence and
metastasis in the CROSS study showed that the proportion of isolated local recurrence in the neoadjuvant group was 8%
(15/178). The percentage of patients with both local recurrence and distant metastasis were 13% (23/178). In addition, the
ratio of patients with simple distant metastasis was 27% (48/178)[27]. In our study, the recurrence pattern was dominated
by distant metastasis, but there was still a high local recurrence rate. Therefore, it remains unclear whether the local
recurrence risk with neoadjuvant chemotherapy plus ICIs is non-inferior to neoadjuvant concurrent chemoradiotherapy.
Furthermore, the relatively high recurrence rate in the short follow-up period in our study requires further verification in
large clinical trials. In the CHECKMATE-577 trial, the median DFS for patients who did not reach pCR after nCRT was
significantly better in the maintenance treatment group with nivolumab than in the placebo group[28]. In our study, the
postoperative immune maintenance rate was only 14.3% (3/21), which may also be one of the reasons for the increased
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Figure 3 Kaplan-Meier plot of overall survival in partial response and stable disease. A: Kaplan-Meier plot of overall survival (OS) in partial response
(PR) and stable disease (SD) at the midterm evaluation in all patients; B: Kaplan-Meier plot of OS in PR and SD at the midterm evaluation in group A; C: Kaplan-
Meier plot of OS in PR and SD at the midterm evaluation in group B; D: Kaplan-Meier plot of OS in PR and SD at the midterm evaluation in group C. PR: Partial
response; SD: Stable disease; HR: Hazard ratio; OS: Overall survival; group A: Chemoradiotherapy plus pembrolizumab; group B: Neoadjuvant therapy plus
pembrolizumab; group C: Chemotherapy plus pembrolizumab.

rate of distant metastasis. In the future, neoadjuvant therapy for locally advanced esophageal cancer requires continuous
optimization of protocols to reduce the risk of distant metastasis and improve survival. In addition, on the premise of
ensuring local control, eliminating radiotherapy to reduce AEs is also worth further exploration.

20 patients with unresectable locally advanced or limited supraclavicular lymph node metastases received chemoradio-
therapy combined with pembrolizumab. The results showed that the 12-mo OS rate was 65%, the 18-mo OS rate was 60%
and the median OS was not reached. The 12-mo PFS rate was 55%, the 18-mo PFS rate was 50% and the median PFS was
17 mo. The median survival time following radical concurrent chemoradiotherapy recommended by current guidelines
was 18 mo, and the 2-year survival rate was about 40%[29]. The long-term survival in the radical chemoradiotherapy plus
pembrolizumab group in our study was slightly better than that in the standard radical concurrent chemoradiotherapy
group. The addition of ICIs to chemoradiotherapy likely increased the efficacy and prolonged survival. However,
randomized phase III studies are needed to verify this. A phase IB clinical study is currently examining the efficacy and
safety of the PD-1 inhibitor camrelizumab combined with radical radiotherapy in patients with locally advanced ESCC
who are intolerant to concurrent chemoradiotherapy[21]. The median OS and PFS were 16.7 mo and 11.7 mo,
respectively. The 24-mo OS rate and PFS rate were 31.6% and 35.5%, respectively. The ORR rate was 74%. Our results
showed a more beneficial outcome, probably because we used the combination of radiotherapy and chemotherapy, which
strengthened the intensity of treatment and improved survival outcomes. Studies have shown that the incidence rate of
esophageal fistula caused by radiotherapy and chemotherapy is approximately 15%, of which T4 and esophageal stenosis
increase the risk of fistula with a poor prognosis[30]. In our study, 20% (4/20) patients died from esophageal fistula. The
patients with fistula in the radiotherapy plus pembrolizumab group were all T4 and the tumor was closely related to the
trachea, which was suspected to have invasion. Furthermore, the radiotherapy dose in this group was 63 Gy, and the high
radiotherapy dose was also the main cause of fistula. Studies have shown that higher 60 Gy did not improve long-term
survival and simultaneously increased AEs[31]. Therefore, in the era of ICIs, for locally advanced patients with T3-T4,
radiotherapy dose should be carefully selected and safety should be taken into account in the absence of clear evidence of
benefit. The data and results of randomized phase III studies on the combination therapy of radiotherapy and ICIs are
lacking at present. There are still some problems to be solved such as the timing of combination therapy, selection of the
combination chemotherapy regimen, clinical target volume and so on. The results of KEYNOTE-975, ESCORT-CRT,
RATIONALE-311 and other randomized phase III studies are expected.

A total of 14 patients in our study received chemotherapy combined with pembrolizumab. The 12-mo OS rate was 75%
and the 18-mo OS rate was 66.7%. The 12-mo PFS rate and 18-mo PFS rate were 67.7%. In the randomized phase III
JUPITER-06 study, toripalimab combined with chemotherapy significantly prolonged PFS in patients with a 42%
reduction in the risk of disease progression and resulted in a significant benefit in median OS (17 mo vs 11 mo) compared
with placebo plus chemotherapy. The 1-year PFS rate was 27.8% and the 1-year OS rate was 66% in the toripalimab-based
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Figure 4 Kaplan-Meier plot of overall survival at baseline. A: Kaplan-Meier plot of overall survival (OS) at baseline (neutrophil-to-lymphocyte ratio < 2.43
vs > 2.43); B: Kaplan-Meier plot of OS at baseline (platelet-to-lymphocyte ratio < 139.7 vs > 139.7); C: Kaplan-Meier plot of OS at baseline [neutrophil-to-(leukocyte-
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neutrophil) ratio < 1.72 vs > 1.72]. OS: Overall survival; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; dNLR: Neutrophil-to-(leukocyte-
neutrophil) ratio; Cl: Confidence interval; HR: Hazard ratio.

group[11]. The long-term survival results in our study were better than those in the JUPITER-06 study, and even better
than those in the radiotherapy plus pembrolizumab group. There are several possible reasons for this result: (1) The
tumor burden in the chemotherapy combined with pembrolizumab group was relatively low. Some patients with stage
III refused radiotherapy due to toxicity, while others had single liver metastasis or small nodules in lung metastasis; (2) In
the radiotherapy plus pembrolizumab group, 4 patients died due to esophageal fistula after radiotherapy and survival
outcomes were negatively affected; and (3) Small sample size and short follow-up time may have led to deviations in the
results.

As indicators of systemic inflammation, the NLR, PLR and dNLR can reflect the microenvironment of inflammation.
Neutrophils can promote tumor invasion and progression by secreting cytokines, vascular endothelial cell growth factors
and chemokines[32]. However, lymphocytes play an important role in the immune system and can inhibit tumor prolif-
eration[33]. Studies have reported that in patients with non-small cell lung cancer and a higher baseline NLR, ICIs had
poor efficacy, which had a negative predictive value on PFS and OS[34]. Our study found that low baseline NLR, dNLR
and PLR showed a trend for OS benefit, but a statistically significant difference was not observed. This result may have
been limited by the small sample size. Thus, a larger sample size is needed to examine this issue in the future.

This study also had some limitations: (1) This was a single-arm, single-center retrospective clinical study, with a small
number of patients and did not include a control group; (2) The follow-up period should have been longer, as there is a
lack of 3-year and 5-year long-term survival outcomes; and (3) Prospective randomized controlled studies with long-term
follow-up data are needed.

CONCLUSION

Our real-world results revealed that pembrolizumab combined with chemotherapy or radiotherapy resulted in a
favorable long-term survival outcome in patients with locally advanced and metastatic esophageal cancer. Long-term
toxicities associated with these regimens were manageable.

ARTICLE HIGHLIGHTS

Research background

Although pembrolizumab combined with chemotherapy has been proven effective as first-line therapy in patients with
advanced esophageal cancer, few trials have assessed the safety and efficacy of this treatment in patients with locally
advanced disease.

Research motivation

Progress has been made in the immune checkpoint inhibitors combined with chemotherapy as the first-line treatment of
advanced esophageal cancer. The efficacy and safety of pembrolizumab in locally advanced or metastatic esophageal
squamous cell carcinoma (ESCC) in the real world were worth studying.

Research objectives
To analyze the long-term outcomes of pembrolizumab in locally advanced or metastatic ESCC in the real world.

Research methods

This was a single-arm, single-center, retrospective clinical study. Patients who were initially diagnosed with locally
advanced or metastatic esophageal cancer from October 1, 2019 to October 1, 2021 were included. According to the
different clinical stages and treatment modalities, the patients were divided into different subgroups. Long-term survival
outcomes were evaluated.

Research results

A total of 55 patients with ESCC were enrolled in this study from October 1, 2019 to October 1, 2021. The median overall
survival (OS) in all patients was not reached. The 12-mo OS rate was 78.8% and the 18-mo OS rate was 72.7%. Nine
patients died due to tumor progression and 7 patients died due to treatment-related complications.

Research conclusions
Pembrolizumab combined with chemotherapy or radiotherapy resulted in favorable long-term survival in patients with
locally advanced or metastatic ESCC, with safe and manageable long-term adverse effects.
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Research perspectives

It is necessary to explore the efficacy of pembrolizumab combined with chemotherapy or radiotherapy in patients with
locally advanced or metastatic ESCC. Randomized phase III trials should be carried out for further verification of the
efficacy.
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