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This study is aimed at assessing the sintilimab-based regimens’ safety and eﬃcacy for advanced esophageal cancer (EC) treatment
in the real world. Cases of advanced EC treated with sintilimab-based regimens in the Anyang Tumor Hospital between 1 January
2020 and 1 August 2021 were retrospectively examined. Progression-free survival (PFS), overall survival (OS), disease control rate
(DCR), objective response rate (ORR), and adverse events (AEs) were evaluated. Among the 50 included patients, the median PFS
was 11.3 months (95% CI: 5.0-17.6 months), and the 1-year PFS rate was 49.2%. The median OS was not reached, and the 1-year
OS rate was 67.1%. Complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD) were seen in
14% (n = 7), 46% (n = 23), 32% (n = 16), and 8% (n = 4) of the 50 patients, respectively. Therefore, the ORR and DCR were 60%
(30/50) and 92% (46/50), respectively. The CR rate of patients with radiotherapy was higher than that without radiotherapy (25%
vs. 3.8%, P = 0:031). The 1-year OS rate was higher in patients with radiotherapy than in patients without radiotherapy (85.9% vs.
53.2%, P = 0:020). The most observed AEs included anemia, decrease in white blood cell count, nausea/vomiting, and
hypoproteinemia. Sintilimab-based regimens achieved good disease control and tolerance for treating advanced EC in the real
world. Combined radiotherapy can improve the eﬃcacy and deserves further study.

1. Introduction
The death rate of esophageal cancer (EC) ranks sixth among
all malignant tumors worldwide [1]. The two main pathological subtypes of EC are esophageal adenocarcinoma and
esophageal squamous cell carcinoma (ESCC), and ESCC is
more than 90% in China [2]. Nearly half of EC patients
are initially diagnosed at an inoperable advanced stage [3].
Systemic chemotherapy plays a vital role in the treatment
of advanced patients, whose median survival time is less
than one year [4]. At present, the targeted drugs used in
the treatment of EC are only targeted at HER2 or vascular
endothelial growth factor [5–7]. The therapeutic impact of
conventional treatment plus targeted medications is still
not ideal. Thus, patients with advanced EC urgently need
novel and more eﬀective treatments.

Immune checkpoint inhibitor therapy targeting programmed cell death protein 1 (PD-1) or programmed cell
death ligand 1 (PD-L1) is a novel tumor immunotherapy
approach that can reverse tumor immune escape [8].
Recently, immunotherapy has demonstrated great eﬃcacy
in treating non-small-cell lung cancer (NSCLC), head and
neck tumors, and malignant melanoma [9, 10]. The
KEYNOTE-028 and KEYNOTE-180 studies were the ﬁrst
to demonstrate the eﬃcacy and safety of pembrolizumab in
the treatment of advanced EC [11, 12]. Since then,
KEYNOTE-181 has established pembrolizumab as an eﬀective treatment for EC in its advanced stages [13]. Currently,
several clinical trials have demonstrated the safety and eﬃcacy of immunotherapy combined with chemotherapy or
immunotherapy alone as ﬁrst- or later-line treatment of
advanced EC [14–17].
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Sintilimab, a fully recombinant human IgG4 anti-PD-1
monoclonal antibody, is approved in China for the treatment of classic Hodgkin’s lymphoma, NSCLC, and hepatocellular carcinoma [18–21]. Sintilimab is often used to treat
advanced EC because of its lower cost in the real world. In
this study, we assessed the eﬃcacy and safety of sintilimabbased regimens in patients with advanced EC.

2. Methods
2.1. Patients. The study population targeted advanced EC
patients who started sintilimab treatment between 1 January
2020 and 1 August 2021 in Anyang Cancer Hospital. Inclusion criteria were (1) EC conﬁrmed by pathology, (2) recurrent or metastatic advanced EC, (3) treated with sintilimab
alone or combined with other regimens, and (4) had at least
one lesion that can be measured according to Response Evaluation Criteria in Solid Tumors (RECIST 1.1) [22]. Exclusion criteria were (1) suﬀering from second primary
cancer, (2) history of autoimmune diseases, (3) uncontrolled
cardiac clinical symptoms or diseases, (4) interstitial pneumonia, and (5) active hepatitis. Clinical staging was performed using the eighth edition of the TNM staging
system of the American Joint Committee on Cancer (AJCC).
This study was performed according to the principles of the
Declaration of Helsinki and approved by the Ethics Committee of Anyang Tumor Hospital. Informed consent was
not required owing the study’s retrospective nature.
2.2. Data Collection and Outcome Assessment. Patient demographics and clinical background, blood biochemical data,
treatment pattern, the eﬃcacy of sintilimab (tumor response,
progression free survival (PFS), overall survival (OS)), and
the safety of sintilimab (treatment-related adverse events
(AEs)) were retrospectively collected from each patient’s
medical records. According to RECIST 1.1, the relevant
researchers assessed the tumor response. Eﬃcacy was evaluated as complete response (CR), partial response (PR), stable
disease (SD), or progressive disease (PD). Objective response
rate (ORR) and disease control rate (DCR) were deﬁned as
the proportion of patients who achieved CR or PR and CR,
PR, or SD, respectively. All AE severity was graded according to Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 of the US National Cancer Institute.
2.3. Follow-Up. Follow-up began after receiving sintilimab
treatment, through outpatient and inpatient system or telephone regular follow-up to understand the patient’s condition. The last follow-up date was 13 April 2022.
2.4. Statistical Analysis. Constituent ratios were calculated to
express counting data, and chi-square test was used for comparison between groups. Using the Kaplan–Meier approach,
the median and estimated 95% conﬁdence intervals (CI) for
PFS and OS were computed. The log-rank test was employed
to compare the survival functions of the two subgroups.
P < 0:05 was used to determine statistical signiﬁcance. All
information was entered into the database and analyzed
using SPSS 26.0.
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3. Results
3.1. Patient Characteristics. This study comprised 50 participants, and their demographics and clinical backgrounds are
detailed in Table 1. 34 (68%) of the 50 cases were males.
The median age was 69 years, with a range of 41 to 85 years.
Regarding histological types, the proportion of squamous cell
carcinoma was 96% (n = 48) and adenocarcinoma was 4%
(n = 2), respectively. Patients with metastases accounted for
72% (n = 36), and nonregional lymph nodes were the most
common site of metastasis (42%, n = 21). 56% (n = 28) of
patients had a history of esophagectomy, whereas 10%
(n = 5) had a history of radiotherapy. The ECOG PS score
of all patients was less than 2, of which 0 was 42% (n = 21).
3.2. Treatment Patterns. The patterns of sintilimab administration are presented in Table 2. 72% (n = 36) of patients
received sintilimab as ﬁrst-line treatment, whereas 18%
(n = 9) received as second-line treatment. Systemic treatment models included sintilimab alone (2%, n = 1), sintilimab plus chemotherapy (88%, n = 44), and sintilimab plus
antiangiogenic therapy (10%, n = 5). The main chemotherapeutic drugs were paclitaxel, albumin-bound paclitaxel,
platinum, S-1 (tegafur-gimeracil-oteracil potassium), and
irinotecan. Antiangiogenic drugs included anlotinib and
apatinib. For local treatment, 48% (n = 24) of patients were
combined with intensity modulated radiotherapy (IMRT).
The median cycle and median duration of sintilimab treatment were 5 times (range: 2–27 times) and 119 days (range:
42–636 days), respectively.
3.3. Best Overall Respones. Figure 1(a) depicts the best
changes from baseline in detectable target lesions in the 50
patients. Figure 1(b) depicts longitudinal changes in detectable target lesions. Among the 50 patients in this study,
CR, PR, SD, and PD were seen in 14% (n = 7), 46% (n = 23),
32% (n = 16), and 8% (n = 4), respectively. Therefore, the
ORR and DCR were 60% (30/50) and 92% (46/50), respectively. We also examined the impact of radiotherapy on the
eﬃcacy of sintilimab. There was no signiﬁcant diﬀerence in
ORR and DCR between with radiotherapy and nonradiotherapy (58.3% (14/24) vs. 61.5% (16/26), P = 0:817; 91.7% (22/
24) vs. 92.3% (24/26), P = 0:933), but the CR rate with radiotherapy was higher than that nonradiotherapy (25% vs.
3.8%, P = 0:031) (Table 3).
3.4. Treatment Outcomes. Figure 2 displays the Kaplan–
Meier curves for PFS and OS. The median PFS for all
patients was 11.3 months (95% CI: 5.0-17.6 months), and
the 1-year PFS rate was 49.2%. The median OS was not
reached, and the 1-year OS rate was 67.1% (Figures 2(a)
and 2(b)). In this study, radiotherapy patients did not
achieve the median PFS and OS. Patients without radiotherapy had a median PFS of 10.4 months (95% CI: 5.1-15.7
months), while the median OS was not reached. There was
no signiﬁcant diﬀerence in 1-year PFS rate between patients
with or without radiotherapy (58.5% vs. 43.0%, P = 0:479).
However, the 1-year OS rate in patients with radiotherapy
was signiﬁcantly higher than that without radiotherapy
(85.9% vs. 53.2%, P = 0:020) (Figures 2(c) and 2(d)). Take
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Table 1: Patient demographics and clinical backgrounds.
Category or variable
No. of patients
Gender
Male
Female
Age (years)
Median
Range
Primary esophageal cancer
Cervical and upper thoracic
Middle thoracic
Lower thoracic
Histology
Squamous cell carcinoma
Adenocarcinoma
Diﬀerentiation
Well
Moderate
Poor
Unknown
Metastasis
Yes
No
Metastatic site
Bone
Liver
Lung
Nonregional lymph node
Other
Esophagectomy
Yes
No
Prior radiotherapy
Yes
No
ECOG performance status
0
1

No. (%) or value
50
34 (68.0)
16 (32.0)
69
41–85
8 (16.0)
34 (68.0)
8 (16.0)
48 (96.0)
2 (4.0)
6 (12.0)
23 (46.0)
2 (4.0)
19 (38.0)
36 (72.0)
14 (28.0)
3 (6.0)
7 (14.0)
8 (16.0)
21 (42.0)
3 (6.0)
28 (56.0)
22(44.0)
5 (10.0)
45 (90.0)
21 (42.0)
29 (58.0)

a typical patient as an example. Figures 3(a)–3(j) show the
outcome of sintilimab-based regimens in a patient who
was initially diagnosed with advanced esophageal cancer
with lung and liver metastasis. Reexamination showed that
all lesions disappeared after 2 cycles of sintilimab plus
albumin-bound paclitaxel, nedaplatin, and palliative radiotherapy for esophageal tumors, and positron emission
tomography demonstrated the absence of tumor metabolic
activity following treatment.
3.5. Treatment-Related Adverse Events. Three patients discontinued sintilimab due to elevated transaminases, and four

Table 2: Treatment patterns of sintilimab.
Category or variable
No. of patients
Treatment line
1st line
2nd line
3rd line
Systemic treatment
Sintilimab alone
Sintilimab plus chemotherapy
Paclitaxel
Paclitaxel plus platinum
Albumin-bound paclitaxel
Albumin-bound paclitaxel plus platinum
S-1 (tegafur-gimeracil-oteracil potassium)
S-1 plus platinum
Oxaliplatin
Irinotecan
Sintilimab plus antiangiogenic therapy
Anlotinib
Apatinib
Combination of radiotherapy
Yes
No
Cycle of sintilimab (times)
Median
Range
Duration of sintilimab (days)
Median
Range

No. (%) or value
50
36 (72.0)
9 (18.0)
5 (10.0)
1 (2.0)
44 (88.0)
2 (4.0)
3 (6.0)
3 (6.0)
24 (48.0)
4 (8.0)
4 (8.0)
1 (2.0)
3 (6.0)
5 (10.0)
3 (6.0)
2 (4.0)
24 (48.0)
26 (52.0)
5
2–27
119
42–636

patients were diagnosed with immune-mediated lung disease. No deaths attributable to treatment were observed. Of
the 24 patients who received radiotherapy, 14 patients had
grades 1-2 esophagitis, 1 patient had a nasogastric tube
implantation due to severe swallowing pain, and none had
ﬁstula. According to CTCAE5.0, the treatment-related AEs
are shown in Table 4. Most adverse events were mild (grades
1-2) and manageable. The most common grade 1-2 AEs
were anemia (70%, 35/50), decrease in white blood cell count
(62%, 31/50), nausea/vomiting (52%, 26/50), hypoproteinemia (42%, 21/50), decrease in neutrophil count (36%, 18/
50), and pneumonia (34%, 17/50). The most common
treatment − related ≥ grade 3 AEs included decrease in
neutrophil count (14%, 7/50), pneumonia (10%, 5/50), and
increase in alanine aminotransferase (6%, 3/50).

4. Discussion
The retrospective analysis included 50 patients with recurrent
or metastatic advanced EC who received sintilimab-based regimens in a real-world clinical context. In all patients, ORR and
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Figure 1: Tumor response in 50 patients. (a) Best changes from baseline in measurable target lesions. (b) Longitudinal changes in
measurable target lesions. CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease.

DCR were 60% and 92%, respectively, median PFS was 11.3
months, and median OS was not reached.
Several recent clinical trials have demonstrated the eﬃcacy
of PD-1 inhibitors plus chemotherapy in the ﬁrst-line treatment of advanced EC, so the treatment regimens for advanced
EC are rapidly changing. In the KEYNOTE-590 trial, ﬁrst-line
pembrolizumab plus chemotherapy improved ORR and
median OS compared with placebo plus chemotherapy (45%
vs. 29.3%, 12.4 months vs. 9.8 months) [23]. Also, in the
CKECKMATE-648 trial, nivolumab plus chemotherapy
improved ORR and median OS compared with placebo plus
chemotherapy (47% vs. 27%, 13.2 months vs. 10.7 months)
[24]. The ESCORT-1st trial demonstrated that camrelizumab
plus chemotherapy increased ORR and median OS compared

with placebo plus chemotherapy (72.1% vs. 62.1%, 15.3
months vs. 12 months) [25]. In the ORIENT-15 trial, 659
patients were randomly divided into sintilimab combined with
chemotherapy and placebo combined with chemotherapy.
The ORR and median OS of the sintilimab group were better
than those of the placebo group (66.1% vs. 45.5%, 16.7 months
vs. 12.5 months) [26]. The ORR of all populations in this study
was 60%, which was lower than 66.1% of ORIENT-15. The
possible reason was that 28% of the patients received secondor third-line therapy in our study. Among the 36 patients who
received ﬁrst-line treatment, the ORR was 66.7% (24/36),
similar to ORIENT-15 results.
Several preclinical studies have demonstrated that radiotherapy combined with immunotherapy has three major
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Table 3: Eﬃcacy of sintilimab for recurrent or metastatic advanced esophageal cancer.
Category or variable

With radiotherapy
n = 24

Without radiotherapy
n = 26

P value

All patients
n = 50

6 (25.0)
8 (33.3)
8 (33.3)
2 (8.3)
58.3 (14/24)
91.7 (22/24)

1 (3.8)
15 (57.7)
8 (30.8)
2 (7.7)
61.5 (16/26)
92.3 (24/26)

0.031

7 (14.0)
23 (46.0)
16 (32.0)
4 (8.0)
60 (30/50)
92 (46/50)

CR
PR
SD
PD
ORR (%)
DCR (%)

0.817
0.933

1.0

1.0

0.8

0.8
Survival probability

Survival probability

Data are number (%) or value. CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; ORR: objective response rate; DCR:
disease control rate.
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Figure 2: Survival analysis in 50 patients. (a) Kaplan–Meier curves of progression free survival (PFS) for the entire study cohort. (b)
Kaplan–Meier curves of overall survival (OS) for the entire study cohort. (c) Kaplan–Meier curves of PFS for the patients with or
without radiotherapy. (d) Kaplan–Meier curves of OS for the patients with or without radiotherapy.

beneﬁts: (1) radiotherapy can regulate the tumor microenvironment and increase the inﬁltration of cytotoxic T lymphocytes, thereby enhancing the eﬀect of tumor regression and
achieving better local control; (2) produce eﬀector and

memory immune cells to maintain antitumor immunity,
thereby avoiding tumor recurrence and prolonging local
control time; and (3) induce “distant eﬀect” and reduce the
risk of distant metastasis [27–29]. In a phase 2 trial in Korea,
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Figure 3: Continued.
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Figure 3: Comparison of imaging ﬁndings in a patient who was diagnosed with advanced esophageal cancer with lung and liver metastases
at the ﬁrst visit and received sintilimab-based regimens. (a, c, e–g) Imaging ﬁndings before treatment with 2 cycles of sintilimab plus
albumin-bound paclitaxel, nedaplatin, and palliative radiotherapy for esophageal tumors (5 March 2021). (b, d, h–j) Positron emission
tomography-CT showed that all lesions and tumor metabolic activity disappeared after treatment (27 May 2021).
Table 4: Adverse events related to treatment based on CTCAE 5.0.
Adverse events
Anemia
Decrease in white blood cell count
Nausea/vomiting
Hypoproteinemia
Decrease in neutrophil count
Pneumonia
Decrease in platelet count
Increase in bilirubin
Increase in alanine aminotransferase
Rash
Increase in creatinine
Increase in aspartate aminotransferase

Grades 1-2

Grade 3

Grade 4

35 (70.0)
31 (62.0)
26 (52.0)
21 (42.0)
18 (36.0)
17 (34.0)
14 (28.0)
9 (18.0)
4 (8.0)
4 (8.0)
3 (6.0)
3 (6.0)

2 (4.0)
1 (2.0)
2 (4.0)
0
7 (14.0)
4 (8.0)
1 (2.0)
0
3 (6.0)
1 (2.0)
1 (2.0)
2 (4.0)

0
0
0
0
0
1 (2.0)
1 (2.0)
0
0
0
0
0

Data are number (%).

28 patients with stage Ib-III ESCC received chemoradiotherapy along with pembrolizumab, followed by surgery and
postoperative pembrolizumab maintenance therapy. The
pathological complete response (pCR) rate of the primary
tumor was 46.1%, whereas the 1-year survival rate was
82.1% [30]. The PALACE-1 clinical trial observed the safety
and eﬃcacy of pembrolizumab combined with chemoradiotherapy in 20 patients with resectable ESCC. The results
showed that the regimen was safe and feasible, and the
pCR rate was 55.6% [31]. Zhang et al. found that the ORR
of camrelizumab plus radiotherapy for locally advanced EC
was 74%, the median PFS was 11.7 months, and the median
OS was 16.7 months [32]. A phase 1B trial showed that the
ORR of concurrent chemoradiotherapy combined with camrelizumab in the treatment of locally advanced EC was 65%,
with OS and PFS of 8.2-28.5 months and 4.0-28.5 months,
respectively [33]. Other clinical trials of chemoradiotherapy
combined with immunotherapy for EC include KEYNOTE975, ESCORT-CRT, and RATIONAL-311. We look
forward to the announcement of the above research results.
There is no published article on immunotherapy combined
with radiotherapy for the treatment of advanced EC, but in
clinical practice, radiotherapy is often used for salvage or

palliative treatment of locally recurrent or metastatic
advanced EC. In this study, the CR rate of immunotherapy
combined with radiotherapy was 25% (6/24), which was
higher than that of patients who did not undergo radiotherapy, although the median survival was not achieved.
A notable issue in this study was that patients who
received immunotherapy plus radiotherapy had better OS
than those who did not receive radiotherapy, but PFS was
not statistically diﬀerent. CHECKMATE-648 also found
the same situation, the mOS of nivolumab in combination
with chemotherapy was superior to that of chemotherapy
(13.2 months vs. 10.7 months, HR = 0:74 (0.58–0.96)), but
there was no statistical diﬀerence in mPFS between the two
groups (5.8 months vs. 5.6 months, HR = 0:81 (0.64-1.04))
[24]. One probable explanation is that it is diﬃcult to appropriately evaluate the immunotherapy response using the previous solid tumor response evaluation standards. Diﬀerent
from traditional treatment, immunotherapy has the particularity of response, that is, unconventional response mode,
such as delayed response, pseudoprogression, mixed remission, and hyperprogression [34]. In addition to RECIST1.1
as the primary criterion, there are also several secondary criteria. In clinical practice and trials, the evaluation criteria of
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immunotherapy eﬃcacy have not been uniﬁed. Additional
clinical trials are still required to identify biomarkers that
can predict immunotherapy eﬃcacy. At present, a predictive
model for evaluating the long-term survival of esophageal
cancer has been developed, and developing a model that
can predict the eﬃcacy of immunotherapy for esophageal
cancer may be a future research direction [35].
ORIENT-15 trial showed that grade 1-2 treatmentrelated AEs of sintilimab combined with chemotherapy were
mainly anemia, decrease in white blood cell count, nausea,
and vomiting. The most common grade 3-4 AEs were neutropenia, leukopenia, and anemia [26]. Treatment-related
AEs in this study were similar to ORIENT-15 results, except
for the incidence of pneumonia. The incidence of grades 1-2
and grades 3-4 pneumonia in this study were 34% and 10%,
respectively, higher than the incidence of <1% and 3% in
ORIENT-15. Li et al. [36] conducted a meta-analysis of 11
prospective clinical trials (1113 cases) of thoracic radiotherapy combined with immunotherapy for NSCLC and found
that the incidence of pneumonia of all grades was 23%, and
that in grades 3-5 was 3.8%, which validated the safety of
radioimmunotherapy. However, it should be noted that the
incidence of radiation-immune-associated pneumonia in
real-world studies is higher than in clinical studies. Thomas
et al. [37] retrospectively analyzed 123 patients with locally
advanced NCSCL who received consolidation therapy with
durvalumab in the same treatment pattern as in the PACIFIC
study. The incidence of asymptomatic pneumonia was
39.8%, and the incidence of grades 3-4 symptomatic pneumonia was 13.1%, higher than the incidence of pneumonia
in the PACIFIC study. Therefore, in the real world, it is necessary to strictly screen the radioimmunotherapy population,
strictly observe adverse reactions, and timely management.
However, some shortcomings should be noted when
interpreting our results, including retrospective study
design, relatively short observation period, and small
number of patients. A well-designed prospective trial with
large sample size should be conducted based on these
preliminary ﬁndings.
In summary, sintilimab is widely used in real-world
practice because of its availability. We demonstrated that
the application of sintilimab in advanced EC patients has a
certain survival beneﬁt, and adverse events can be tolerated,
and combined with local radiotherapy can improve CR rate
and overall survival time.

Data Availability
All the underlying data supporting the results of our study
are in the manuscript.

Conflicts of Interest
The authors declare that they have no conﬂict interests.

Authors’ Contributions
CY Wang and YW Zhang conceived and designed the study.
CY Wang, NC Wang, LZ Jin, XY Cheng, RC Ren, AP Zheng,

BioMed Research International
AL Hao, JW Zhang, and FY Zhou collected the clinical data
and performed the study. CY Wang, NC Wang, LZ Jin, and
YW Zhang analyzed the data. CY Wang wrote the manuscript. All authors have read and approved the manuscript.

Acknowledgments
We thank all patients for their participation in the study and
their doctors for their willingness to refer patients. This
study was supported by the Henan Provincial Health
Commission Outstanding Young Talents Project
(YXKC2021045), the Joint Construction Project in Henan
Province (LHGJ20200805), the Science and Technology Project in Henan Province (212102310702), the Joint Project in
Henan Province (SBGJ202002129), the Science Foundation
of Anyang City (2021C01SF011), and the Major Science
and Technology Projects of Anyang City (ZDKJJH2020006).

References
[1] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: a Cancer Journal for Clinicians, vol. 71, no. 3, pp. 209–249, 2021, PubMed
PMID: 33538338.
[2] W. Chen, R. Zheng, P. D. Baade et al., “Cancer statistics in
China, 2015,” CA: a Cancer Journal for Clinicians, vol. 66,
no. 2, pp. 115–132, 2016, PubMed PMID: 26808342.
[3] N. Howlader, A. M. Noone, M. Krapcho et al., “SEER cancer
statistics review, 1975–2016,” National Cancer Institute,
vol. 1, 2019.
[4] P. S. N. van Rossum, N. H. Mohammad, F. P. Vleggaar, and
R. van Hillegersberg, “Treatment for unresectable or metastatic oesophageal cancer: current evidence and trends,” Nature
Reviews. Gastroenterology & Hepatology, vol. 15, no. 4,
pp. 235–249, 2018.
[5] X. Lian, C. Zhu, H. Lin et al., “Radiosensitization of HER2positive esophageal cancer cells by pyrotinib,” Bioscience
Reports, vol. 40, no. 2, 2020.
[6] Y. M. Yang, P. Hong, W. W. Xu, Q. Y. He, and B. Li,
“Advances in targeted therapy for esophageal cancer,” Signal
Transduction and Targeted Therapy, vol. 5, no. 1, p. 229,
2020, PubMed PMID: 32028804.
[7] O. Abdel-Rahman, K. Mulder, and J. Easaw, “Outcomes of
ramucirumab plus paclitaxel among patients with previously
treated metastatic gastric/lower esophageal cancer: a realworld study,” American Journal of Clinical Oncology, vol. 44,
no. 4, pp. 158–161, 2021.
[8] P. Sharma, S. Hu-Lieskovan, J. A. Wargo, and A. Ribas, “Primary, adaptive, and acquired resistance to cancer immunotherapy,” Cell, vol. 168, no. 4, pp. 707–723, 2017.
[9] J. Larkin, V. Chiarion-Sileni, R. Gonzalez et al., “Combined
nivolumab and ipilimumab or monotherapy in untreated melanoma,” The New England Journal of Medicine, vol. 373, no. 1,
pp. 23–34, 2015.
[10] M. Reck, D. Rodríguez-Abreu, A. G. Robinson et al., “Pembrolizumab versus chemotherapy for PD-L1-positive non-smallcell lung cancer,” The New England Journal of Medicine,
vol. 375, no. 19, pp. 1823–1833, 2016.
[11] P. A. Ott, Y. J. Bang, S. A. Piha-Paul et al., “T-cell-inﬂamed
gene-expression proﬁle, programmed death ligand 1

BioMed Research International

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

expression, and tumor mutational burden predict eﬃcacy in
patients treated with pembrolizumab across 20 cancers: KEYNOTE-028,” Journal of Clinical Oncology, vol. 37, no. 4,
pp. 318–327, 2019.
M. A. Shah, T. Kojima, D. Hochhauser et al., “Eﬃcacy and
safety of pembrolizumab for heavily pretreated patients with
advanced, metastatic adenocarcinoma or squamous cell carcinoma of the esophagus: the phase 2 KEYNOTE-180 study,”
JAMA Oncology, vol. 5, no. 4, pp. 546–550, 2019.
T. Kojima, M. A. Shah, K. Muro et al., “Randomized phase III
KEYNOTE-181 study of pembrolizumab versus chemotherapy in advanced esophageal cancer,” Journal of Clinical Oncology, vol. 38, no. 35, pp. 4138–4148, 2020.
S. Sadanand, “Immunotherapy for esophageal cancer,” Nature
Medicine, vol. 4, 2021.
S. Sihag, G. Y. Ku, K. S. Tan et al., “Safety and feasibility of
esophagectomy following combined immunotherapy and
chemoradiotherapy for esophageal cancer,” The Journal of
Thoracic and Cardiovascular Surgery, vol. 161, no. 3,
pp. 836–843.e1, 2021.
H. Bando, D. Kotani, T. Tsushima et al., “TENERGY: multicenter phase II study of atezolizumab monotherapy following
deﬁnitive chemoradiotherapy with 5-FU plus cisplatin in
patients with unresectable locally advanced esophageal squamous cell carcinoma,” BMC Cancer, vol. 20, no. 1, p. 336, 2020.
C. S. Fuchs, T. Doi, R. W. Jang et al., “Safety and eﬃcacy of
pembrolizumab monotherapy in patients with previously
treated advanced gastric and gastroesophageal junction cancer: phase 2 clinical KEYNOTE-059 trial,” JAMA Oncology,
vol. 4, no. 5, p. E180013, 2018.
Z. Ren, J. Xu, Y. Bai et al., “Sintilimab plus a bevacizumab biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma (ORIENT-32): a randomised, open-label,
phase 2-3 study,” The Lancet Oncology, vol. 22, no. 7,
pp. 977–990, 2021.
Y. Shi, H. Su, Y. Song et al., “Safety and activity of sintilimab in
patients with relapsed or refractory classical Hodgkin lymphoma (ORIENT-1): a multicentre, single-arm, phase 2 trial,”
The Lancet Haematology, vol. 6, no. 1, pp. e12–e19, 2019.
Y. Yang, Z. Wang, J. Fang et al., “Eﬃcacy and safety of sintilimab plus pemetrexed and platinum as ﬁrst-line treatment for
locally advanced or metastatic nonsquamous NSCLC: a randomized, double-blind, phase 3 study (Oncology pRogram
by InnovENT anti-PD-1-11),” Journal of Thoracic Oncology,
vol. 15, no. 10, pp. 1636–1646, 2020.
C. Zhou, L. Wu, Y. Fan et al., “Sintilimab plus platinum and
gemcitabine as ﬁrst-line treatment for advanced or metastatic
squamous NSCLC: results from a randomized, double-blind,
phase 3 trial (ORIENT-12),” Journal of Thoracic Oncology,
vol. 16, no. 9, pp. 1501–1511, 2021.
L. H. Schwartz, S. Litière, E. de Vries et al., “RECIST 1.1–
update and clariﬁcation: from the RECIST committee,” European Journal of Cancer, vol. 62, no. 2, pp. 132–137, 2016.
J. M. Sun, L. Shen, M. A. Shah et al., “Pembrolizumab plus chemotherapy versus chemotherapy alone for ﬁrst-line treatment
of advanced oesophageal cancer (KEYNOTE-590): a randomised, placebo- controlled, phase 3 study,” Lancet, vol. 398,
no. 10302, pp. 759–771, 2021.
I. Chau, Y. Doki, J. A. Ajani et al., “Nivolumab (NIVO)
plus ipilimumab (IPI) or NIVO plus chemotherapy (chemo)
versus chemo as ﬁrst-line (1L) treatment for advanced
esophageal squamous cell carcinoma (ESCC): ﬁrst results

9

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

of the CheckMate 648 study,” Journal of Clinical Oncology,
vol. 39, 18_supplement, p. LBA4001, 2021.
H. Luo, J. Lu, Y. Bai et al., “Eﬀect of camrelizumab vs placebo
added to chemotherapy on survival and progression-free survival in patients with advanced or metastatic esophageal squamous cell carcinoma: the ESCORT-1st randomized clinical
trial,” JAMA, vol. 326, no. 10, pp. 916–925, 2021.
Z. Lu, J. Wang, Y. Shu et al., “Sintilimab versus placebo in combination with chemotherapy as ﬁrst line treatment for locally
advanced or metastatic oesophageal squamous cell carcinoma
(ORIENT-15): multicentre, randomised, double blind, phase 3
trial,” BMJ, vol. 377, article e068714, 2022.
J. Zeng, A. P. See, J. Phallen et al., “Anti-PD-1 blockade and
stereotactic radiation produce long-term survival in mice with
intracranial gliomas,” International Journal of Radiation
Oncology • Biology • Physics, vol. 86, no. 2, pp. 343–349, 2013.
L. Deng, H. Liang, B. Burnette et al., “Irradiation and anti-PDL1 treatment synergistically promote antitumor immunity in
mice,” The Journal of Clinical Investigation, vol. 124, no. 2,
pp. 687–695, 2014.
X. Lin, T. Zeng, J. Xiong et al., “Combined α-programmed
death-1 monoclonal antibody blockade and fractionated
radiation therapy reduces tumor growth in mouse EL4 lymphoma,” Cancer Biology & Therapy, vol. 20, no. 5, pp. 666–
679, 2019.
H. H. Min, K. HyeRyun, Y. P. Seong et al., “A phase II trial of
preoperative chemoradiotherapy and pembrolizumab for
locally advanced esophageal squamous cell carcinoma
(ESCC),” Journal of Clinical Oncology, vol. 12, no. 2, article
831345, 2022.
C. Li, S. Zhao, Y. Zheng et al., “Preoperative pembrolizumab
combined with chemoradiotherapy for oesophageal squamous
cell carcinoma (PALACE-1),” European Journal of Cancer,
vol. 144, no. 2, pp. 232–241, 2021.
W. Zhang, C. Yan, X. Gao et al., “Safety and feasibility of radiotherapy plus camrelizumab for locally advanced esophageal
squamous cell carcinoma,” The Oncologist, vol. 26, no. 7,
pp. E1110–e1124, 2021.
W. Zhang, C. Yan, T. Zhang et al., “Addition of camrelizumab
to docetaxel, cisplatin, and radiation therapy in patients with
locally advanced esophageal squamous cell carcinoma: a phase
1b study,” Oncoimmunology, vol. 10, no. 1, p. 1971418, 2021.
C. Zhang and K. Pu, “Molecular and nanoengineering
approaches towards activatable cancer immunotherapy,”
Chemical Society Reviews, vol. 49, no. 13, pp. 4234–4253, 2020.
C. Y. Wang, X. Y. Cheng, L. Z. Jin et al., “Development and
validation of a nomogram for predicting overall survival to
concurrent chemoradiotherapy in patients with locally
advanced esophageal squamous cell carcinoma,” BioMed
Research International, vol. 2022, Article ID 6455555, 8 pages,
2022.
B. Li, C. Jiang, L. Pang et al., “Toxicity proﬁle of combining
PD-1/PD-L1 inhibitors and thoracic radiotherapy in nonsmall cell lung cancer: a systematic review,” Frontiers in Immunology, vol. 12, article 627197, 2021.
T. S. Thomas, S. Luo, E. M. Knoche, K. M. Sanﬁlippo, and J. W.
Keller, “Evaluation of the incidence of pneumonitis in United
States veterans with non-small cell lung cancer receiving durvalumab following chemoradiation,” Journal of Clinical Oncology, vol. 38, 15_supplement, p. 9034, 2020.

