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Abstract

Background Neoadjuvant chemoradiotherapy followed by esophagectomy is the standard of care for locally
advanced esophageal squamous cell carcinoma (ESCC). However, approximately 30% of patients still develop distant
metastases and have a high incidence of treatment-related adverse events. Immunotherapy, as a new modal-

ity for anti-cancer treatment, has shown promising clinical benefits for patients with ESCC. The synergistic effects

of immunotherapy and radiotherapy make their combination promising as neoadjuvant treatment for locally
advanced ESCC.

Methods All participants who meet the inclusion criteria will be enrolled after signing the informed consent form.
Patients with thoracic segment esophageal cancer with clinical stage T2—-3 NO MO0 or T2-3 N+ MO will be included.

A total of 25 patients are to be recruited for the study. Twelve patients will be recruited in phase I, with at least two
achieving major pathological response (MPR) before entering phase Il. They will be treated with radical surgery
within 4-8 weeks after the completion of two cycles of neocadjuvant radiotherapy in combination with camrelizumab
according to the study schedule. The primary endpoint is the major pathological remission rate of all per-protocol
patients. The secondary endpoints are the RO resection rate, pathological complete remission rate, and adverse
events. The interim analysis will be conducted after 12 patients have been enrolled. The trials will be terminated
when more than two treatment-related deaths occur or fewer than five patients have major pathological remission.
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amendments and study progress.

Discussion We designed this prospective single-arm phase Il clinical study to evaluate the combination of camre-
lizumab and standard radiotherapy as preoperative neoadjuvant therapy for patients with resectable ESCC as part
of the quest for better treatment options for patients with locally advanced ESCC.

Trial registration This trial protocol has been registered on the NIH Clinical Trials database (www.clinicaltrials.gov/,
NCT05176002. Registered on 2022/01/04). The posted information will be updated as needed to reflect protocol

Keywords Esophageal cancer, Neoadjuvant therapy, Immunotherapy, Radiotherapy, Prospective research

Background
Esophageal cancer is the seventh most common can-
cer and the sixth most common cause of cancer-related
death globally [1]. Its most prevalent pathological type
is esophageal squamous cell carcinoma (ESCC), which
accounts for more than 90% of cases globally, and China
is among the regions with the highest risk [2]. The
National Comprehensive Cancer Network and Chinese
Society of Clinical Oncology guidelines recommend neo-
adjuvant radiotherapy followed by esophagectomy as the
standard of care for locally advanced ESCC [3]. However,
the CROSS and NEOCRTECS5010 studies reported a high
incidence of distant metastases after neoadjuvant chemo-
radiotherapy at 39% and 23.9%, respectively [4, 5]. There-
fore, a more effective systemic antitumor regimen is the
next priority for the comprehensive treatment of ESCC.

In recent years, immunotherapy has demonstrated
clinical benefits as a new treatment regimen for patients
with locally advanced and metastatic ESCCs [6, 7].
The PALACE-1 study reported that 20 cases of locally
advanced ESCC were treated with neoadjuvant chemora-
diotherapy combined with immunotherapy, and surgery
was successful for 18 cases; only one case of tumor pro-
gression and another case of death during treatment were
reported. The pathological complete remission (pCR)
rate was 55.6%, which was higher than those reported
by the NEOCRTEC5010 and CROSS studies. However,
a higher prevalence of treatment-related adverse events
(AEs) was also reported, with grade III or higher AEs
observed in 65% of patients [8]. Li et al. showed that 60
patients with locally advanced ESCC received neoadju-
vant camrelizumab immunotherapy in combination with
chemotherapy, and 51 received neoadjuvant therapy and
underwent surgery successfully. The pCR rate was 39.2%,
and the most common treatment-related AE was leuko-
penia (86.7%). Thirty-four patients (56.7%) had grade 3 or
worse AEs [9]. The treatment-related AEs predominantly
involved the hematologic and digestive systems, both of
which are commonly involved in AEs of chemotherapy
(8, 9].

Some studies have suggested that conventional radia-
tion therapy is effective by promoting systemic anti-
tumor immunity, thereby reducing the risk of recurrence

and improving patient survival [10]. For other types of
malignancies, immunotherapy combined with radio-
therapy has demonstrated significantly better efficacy
with an acceptable incidence of AEs [11, 12]. Relevant
preclinical studies have shown that the effects of radio-
therapy and immunotherapy are synergistic, rather than
simply cumulative [13, 14]. Immunotherapy has been
reported to increase radiosensitivity in patients with
ESCC, resulting in effective control of local lesions and
distant micrometastases, while radiotherapy can enhance
the effect of immunotherapeutic agents by upregulating
PD-L1 expression in the tumor microenvironment [15,
16]. To further evaluate the prospects of immunotherapy
combined with radiotherapy as neoadjuvant treatment
for patients with locally advanced ESCC, we designed
this single-center, single-arm, prospective phase 2 clinical
study as part of the quest for practical, novel therapeutic
options for neoadjuvant locally advanced ESCC.

Methods/design

Study objectives

The primary objective of this study is to assess the safety
of camrelizumab combined with standard radiotherapy
as preoperative neoadjuvant therapy for patients with
locally advanced ESCC, and the secondary objective is to
assess the efficacy of the neoadjuvant therapy. The pre-
sent study also aims to explore the biomarkers and the
quality of life in patients with locally advanced ESCC.

Study design

This prospective study is a single-center, single-arm,
prospective phase II clinical study. All participants who
meet the inclusion criteria will be enrolled after signing
the informed consent form. A total of 25 patients will
need to be recruited for the study. Twelve patients will
be enrolled in phase I, with at least two patients achiev-
ing MPR before entering phase II. The second phase will
enroll 13 patients. They will be treated with radical sur-
gery within 4-8 weeks after the completion of two cycles
of neoadjuvant radiotherapy in combination with cam-
relizumab according to the study schedule. The sched-
ule of enrollment, interventions, and assessments is
shown in Table 1. If the total number of MPR patients is
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greater than 7, the results of this study will be considered
satisfactory.

Study setting

All participants will be recruited from the Department of
Thoracic Surgery, Fujian Medical University Union Hos-
pital, from September 2021 to September 2023.

Study endpoints

The primary endpoint is the major pathological remis-
sion (MPR) rate in all per-protocol patients. MPR is
defined as the remainder of<10% of viable tumor cells
on postoperative pathological examination, and pCR is
defined as tumor regression without a residual tumor on
pathological examination [17, 18]. The secondary end-
points are the RO resection rate, pCR rate, and AEs. AEs,
including those during neoadjuvant treatment and surgi-
cal morbidity and mortality, will be recorded.

Inclusion criteria

The inclusion criteria are as follows: (a) histologically-
confirmed squamous cell carcinoma; (b) primary lesions
located in the thoracic esophagus; (c) clinical stages of
T2-3 NO MO or T2-3 N+ MO, based on the 8th UICC-
TNM classification; (d) having not received neoadjuvant
therapy; (e) 18-75 years; (f) ECOG performance status of
0 or 1; (g) no prior chemotherapy, radiotherapy, or immu-
notherapy for any cancers; (h) adequate organ function;
(i) expectation of RO resection; and (j) provision of writ-
ten informed consent.

Exclusion criteria

The exclusion criteria are as follows: (a) corticosteroid
treatment (equivalent to prednisone > 10 mg/day) within
14 days before the first day of drug administration; (b)
acquired immunodeficiency syndrome or active hepati-
tis B (DNA > 104 copies/ml) or C (RNA >103 copies/ml)
viral infections; (c) history of pneumonitis or interstitial
lung disease with clinical evidence, such as interstitial
pneumonia and pulmonary fibrosis features on baseline
CT scans; (d) known or concurrent bleeding disorders
or other uncontrolled diseases contraindicating surgical
treatment; (e) physical examination or clinical trial find-
ings that can interfere with the results or put the patient
at increased risk for treatment complications; (f) comor-
bidities, including chronic pulmonary disease, poorly
controlled hypertension, unstable angina, myocardial
infarction within 6 months, and unstable mental disor-
ders requiring therapy; (g) allergy to drugs used in the
study; (i) participation in other clinical trials within 30
days before enrollment; and (j) ineligibility for participa-
tion based on the decision of investigators.
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Patients to be considered ineligible for participation
by the investigators include the following: (a) patients
with second primary malignant disease; (b) patients
with hypersensitivity to the investigational drug camre-
lizumab and chemotherapeutic agents; (c) patients with
concurrent autoimmune disease or history of chronic
autoimmune disease; (d) participants of other clinical tri-
als within the prior 4 weeks; (e) patients with a history
of systemic therapy with immunomodulatory agents
for antitumor indications within the prior 2 weeks; (f)
patients with an active autoimmune disease requiring
systemic therapy within 2 years before the first dose; (g)
patients with known allogeneic organ transplantation
(except corneal transplantation) or allogeneic hematopoi-
etic stem cell transplantation; (h) patients with severe or
uncontrollable systemic disease; (i) patients with medical
history or evidence of disease that may interfere with the
results of the trial or prevent participation in the study
over its entire duration, abnormal treatment outcomes or
laboratory test results, or other potential risks deemed by
the investigators to be inappropriate for participation in
this study.

Interventions

Patients will receive two cycles of neoadjuvant radiother-
apy combined with camrelizumab according to the study
schedule, and they will undergo radical surgery within
4-8 weeks after neoadjuvant therapy. The details of the
neoadjuvant treatment are as follows.

Immunotherapy

The patients will receive two courses of preoperative
camrelizumab (200 mg/day, day 1) repeated every 3
weeks.

Radiotherapy

Three-dimensional conformal or intensity-modulated
radiotherapy will be administered at a total radiation dose
of 4140 cGy (180 cGy at a time for five times a week).
The targeted areas are as follows: CTV will include 3 cm
above and below the preoperative primary lesion and the
regional lymphatic drainage area, where the metastatic
lymph nodes were located; and PTV will include the area
targeted by CTV extended by 5 mm.

Surgery

The patients will be re-evaluated by the investigators
according to the Response Evaluation Criteria for Solid
Tumors version 1.1 approximately 4—-8 weeks after neo-
adjuvant treatment. Esophagectomy will be performed
if there is no evidence of metastatic disease. Patients
will undergo robotic minimally invasive esophagec-
tomy, minimally invasive esophagectomy, or open
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right thoracotomy esophagectomy with 2- or 3-field
lymph node dissection. Transhiatal or left thoracotomy
esophagectomy is not acceptable due to the limited
capacity for upper mediastinum lymph node dissection.
Surgery-related complications will be recorded on the
case report form for up to 90 days after surgery.

Adverse events record and safety assessment

AEs will be recorded and graded according to the Com-
mon Terminology Criteria for Adverse Event (CTCAE)
version 5.0 [19]. Throughout the trial, all potential AEs
will be monitored under the supervision of the Ethics
Review Committee of Fujian Medical University Union
Hospital. Patients can withdraw from the trial at any time
if they cannot tolerate the treatment.

Interim analysis and monitoring

We plan to conduct one interim analysis. The interim
analysis will be conducted after 12 patients have been
enrolled. The Lan-DeMets method with the O’Brien and
Fleming type alpha spending function will be used to
adjust the multiplicity of the interim analysis [20]. Tri-
als will be terminated when more than two treatment-
related deaths occur or there are fewer than two patients
with MPR based on the analysis.

Statistical analysis

After obtaining written informed consent, the medical
records of participants will be continually reviewed and
checked by the study staff, and relevant data will be col-
lected and recorded. All statistical analyses will be per-
formed using SPSS 22.0 (or higher), and all statistical
tests will be one-sided. 0.05 hypothesis of superiority
tests, and 95% confidence intervals and p-values will be
provided for group comparisons. Unless otherwise stated,
the data will be summarized using mean + standard devi-
ation or median (minimum, maximum). Countable data
will be summarized using frequency (percentage).

Patient and public involvement

Neither patients nor public will be involved in the
design, recruitment, outcome measures, and conduct
of the study. Trial results will be disseminated via peer-
reviewed scientific journals and conference presentations
rather than specifically notified to a single patient.

Discussion

This is a single-arm, single-center prospective phase II
study to evaluate the safety and efficacy of camrelizumab
immunotherapy combined with radiotherapy as pre-
operative neoadjuvant therapy for patients with locally
advanced ESCC as part of the exploration of better treat-
ment options for locally advanced resectable ESCC.
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The CROSS and NEOCRTEC5010 studies demon-
strated the benefits of neoadjuvant radiotherapy for
locally advanced ESCC [4, 5]. The NEOCRTEC5010 trial
was a phase III randomized trial involving Chinese ESCC
patients, who were divided into neoadjuvant chemora-
diotherapy and surgery-only groups. The pCR rate for
the neoadjuvant chemoradiotherapy group was as high as
43.2%, with a median survival duration of 100.1 months,
compared with 41.7 months for the surgery-only group
(p<0.001). However, the superimposed toxicity of chem-
otherapy and radiotherapy may lead to serious acute AEs
during radiotherapy, such as severe bone marrow inhibi-
tion, pneumonia, and esophageal perforation, which may
limit the clinical application of neoadjuvant chemora-
diotherapy [21, 22]. Moreover, neoadjuvant chemoradio-
therapy may result in adhesion and edema of peritumor
tissues and further increase the difficulty of surgical pro-
cedures and the incidence of perioperative complications
[23, 24].

Immune checkpoint inhibitors have been proven to be
effective for the perioperative treatment of esophageal
cancers [25, 26]. The available clinical data on immune
checkpoint inhibitors and their combinations with radio-
therapy for the preoperative treatment of esophageal can-
cer are promising [27, 28]. However, some studies have
suggested that immunotherapy combined with radiother-
apy is associated with a higher incidence of AEs. A phase
2 clinical trial investigating neoadjuvant radiotherapy
combined with atezolizumab for resectable esophageal
adenocarcinoma showed a pCR rate of 25%, but grade
III or higher AEs were observed in 42.5% of the patients
[29]. The PALACE-1 study also demonstrated a high inci-
dence of AEs, with grade III or higher AEs in up to 65%
of patients and one death reported during treatment [8].

Several studies have demonstrated the efficacy of the
preoperative combination of immunotherapy and chem-
otherapy in the treatment of esophageal cancer. Jun et al.
conducted a study of neoadjuvant treatment of locally
advanced ESCC with camrelizumab combined with
chemotherapy. Of the 60 patients recruited, 51 eventu-
ally underwent surgery with a pCR rate of 39.2%. How-
ever, the study also reported that 39 (65.0%) patients
experienced grade 3 or more severe AEs, with the most
common being leukopenia (50.0%) [9]. The combination
of immunotherapy and chemotherapy has an accept-
able pathological remission rate. However, the associated
chemotherapy-related AEs are still of concern, given that
they are difficult to avoid with the current clinical appli-
cation of this regimen. This is the rationale for exploring
the new adjuvant strategy of combining immunotherapy
and radiotherapy to possibly replace the combination of
chemotherapy and immunotherapy. The combination of
immunotherapy and radiotherapy has potent systemic



Chen etal. Trials (2023) 24:554

antitumor effects and is expected to provide better sur-
vival benefits with fewer treatment-related AEs.

Previous clinical studies have demonstrated several
synergistic effects of immunotherapy and radiotherapy
[13]. It was demonstrated that radiotherapy can enhance
the effect of immunotherapeutic drugs by upregulat-
ing PD-L1 expression in the tumor microenvironment,
while immune drugs can increase radiosensitivity in
ESCC patients and facilitate the effective control of local
lesions and distant micrometastases [30, 31]. In clinical
practice, it has been observed that RT, in addition to its
direct local tumor control, induces an immune response,
the so-called non-local effect to control distant metasta-
ses. This effect can have cytotoxic effects on tumor cells
far from the irradiated area, which is expected to elimi-
nate metastases after combination therapy [15]. For other
types of malignant tumors, immunotherapy combined
with radiotherapy has shown remarkable efficacy. The
MDACC trial showed that combining radiotherapy and
Pembrolizumab immunotherapy significantly increased
response and outcomes in patients with metastatic non-
small cell lung cancer [32]. Another study also reported
that the combination of immunotherapy and radiother-
apy improved overall survival in patients with melanoma
and brain metastases [33]. All the above studies have
suggested the potential of the combination of immuno-
therapy and radiotherapy as a therapeutic modality for
comprehensive tumor treatment. Consequently, an inves-
tigation of the efficacy of immunotherapy combined with
radiotherapy for the treatment of locally advanced esoph-
ageal cancer is worthwhile.

In conclusion, the ideal neoadjuvant therapy is associ-
ated with high pCR rates, long-term survival, and fewer
treatment-related AEs. As part of the exploration of bet-
ter neoadjuvant treatment options for esophageal squa-
mous cancer, we designed this prospective single-arm
phase II clinical study to evaluate the combination of a
PD-1 monoclonal antibody and standard radiotherapy
for preoperative neoadjuvant therapy for patients with
resectable esophageal squamous cancer to provide prac-
tical and better treatment options for ESCCs.

Trial status
Version 1.0, September 7, 2021.
Start of inclusion: February 15, 2022.
Finish date of recruitment: December 15, 2023.

Abbreviations

AEs Adverse events

CSCco Chinese Society of Clinical Oncology

EC Esophageal cancer

ESCC Esophageal squamous cell carcinoma
MPR Major pathological remission

NCCN National Comprehensive Cancer Network
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pCR Pathological complete response

Acknowledgements
Not applicable.

Authors’ contributions

7B and CC conceived and designed the study and is the principal investigator.
ZSL and CMH developed the study protocol. ZTD and HGL drafted and revised
the manuscript. HYZ collected and analyzed the data. All authors read and
approved the final manuscript.

Funding

The study is funded by the Key Laboratory of Cardio-Thoracic Surgery (Fujian
Medical University), (grant number: N/A); Fujian Province University and
National Key Clinical Specialty of Thoracic Surgery, Fuzhou, China, (grant
number: N/A).

Availability of data and materials
The dataset used and analyzed in this study will be available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by The Ethics Committees of Fujian Medical Univer-
sity Union Hospital (No. 2021YF040-01). The study is performed in compliance
with the declaration of Helsinki and the principles of Good Clinical Practice. All
patients will sign an informed consent before study entry.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Thoracic Surgery, Fujian Medical University Union Hospital,
29 Xinquan Road, Fuzhou, Fujian, China. 2Key Laboratory of Cardio-Thoracic
Surgery (Fujian Medical University), Fujian Province University, Fuzhou, Fujian,
China. *National Key Clinical Specialty of Thoracic Surgery, Fuzhou, China.

Received: 16 April 2023 Accepted: 21 July 2023
Published online: 25 August 2023

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Codipilly DC, QinY, Dawsey SM, Kisiel J, Topazian M, Ahlquist D, et al.
Screening for esophageal squamous cell carcinoma: recent advances.
Gastrointest Endosc. 2018;88(3):413-26.

3. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al.
NCCN guidelines insights: non-small cell lung cancer, version 2.2021.J
Natl Compr Canc Netw. 2021;19(3):254-66.

4. Shapiro J, van Lanschot JJB, Hulshof M, van Hagen P, van Berge
Henegouwen MI, Wijnhoven BPL, et al. Neoadjuvant chemoradiotherapy
plus surgery versus surgery alone for oesophageal or junctional cancer
(CROSS): long-term results of a randomised controlled trial. Lancet Oncol.
2015;16(9):1090-8.

5. YangH, LiuH, ChenY, Zhu C,Fang W, Yu Z, et al. Long-term efficacy of
neoadjuvant chemoradiotherapy plus surgery for the treatment of locally
advanced esophageal squamous cell carcinoma: the NEOCRTEC5010
randomized clinical trial. JAMA Surg. 2021;156(8):721-9.

6. HuangJ, Xu J, ChenY, Zhuang W, Zhang Y, Chen Z, et al. Camrelizumab
versus investigator's choice of chemotherapy as second-line therapy
for advanced or metastatic oesophageal squamous cell carcinoma



Chen etal. Trials (2023) 24:554

20.

21.

22.

23.

24.

25.

(ESCORT): a multicentre, randomised, open-label, phase 3 study. Lancet
Oncol. 2020;21(6):832-42.

Kato K, Cho BC, Takahashi M, Okada M, Lin CY, Chin K, et al. Nivolumab
versus chemotherapy in patients with advanced oesophageal squamous
cell carcinoma refractory or intolerant to previous chemotherapy (ATT
RACTION-3): a multicentre, randomised, open-label, phase 3 trial. Lancet
Oncol. 2019;20(11):1506-17.

LiC, Zhao S, Zheng Y, Han Y, Chen X, Cheng Z, et al. Preoperative
pembrolizumab combined with chemoradiotherapy for oesophageal
squamous cell carcinoma (PALACE-1). Eur J Cancer. 2021;144:232-41.
Liu J,Yang Y, Liu Z, Fu X, Cai X, Li H, et al. Multicenter, single-arm, phase I
trial of camrelizumab and chemotherapy as neoadjuvant treatment for
locally advanced esophageal squamous cell carcinoma. J Immunother
Cancer. 2022;10(3):e004291.

NieY,Yao G, LiL, Feng A, Zhang W, Xu X, et al. Effects of radiotherapy

on survival of esophageal cancer patients receiving immunotherapy:
propensity score analysis and nomogram construction. Cancer Manag
Res. 2022;14:2357-71.

. Ko EC, Raben D, Formenti SC. The integration of radiotherapy with immu-

notherapy for the treatment of non-small cell lung cancer. Clin Cancer
Res. 2018;24(23):5792-806.

Herrera FG, Irving M, Kandalaft LE, Coukos G. Rational combinations

of immunotherapy with radiotherapy in ovarian cancer. Lancet Oncol.
2019;20(8):e417-33.

Zhao X, Shao C. Radiotherapy-mediated immunomodulation and anti-
tumor abscopal effect combining immune checkpoint blockade. Cancers
(Basel). 2020;12(10):2762.

Mondini M, Levy A, Meziani L, Milliat F, Deutsch E. Radiotherapy-immu-
notherapy combinations - perspectives and challenges. Mol Oncol.
2020;14(7):1529-37.

Ashrafizadeh M, Farhood B, Eleojo Musa A, Taeb S, Rezaeyan A, Najafi M.
Abscopal effect in radioimmunotherapy. Int Immunopharmacol. 2020;85:
106663.

Arina A, Gutiontov SI, Weichselbaum RR. Radiotherapy and immu-
notherapy for cancer: from “Systemic” to “Multisite” Clin Cancer Res.
2020;26(12):2777-82.

Travis WD, Dacic S, Wistuba |, Sholl L, Adusumilli P, Bubendorf L, et al.
IASLC multidisciplinary recommendations for pathologic assessment of
lung cancer resection specimens after neoadjuvant therapy. J Thorac
Oncol. 2020;15(5):709-40.

Hellmann MD, Chaft JE, William WN Jr, Rusch V, Pisters KM, Kalhor N, et al.
Pathological response after neoadjuvant chemotherapy in resectable
non-small-cell lung cancers: proposal for the use of major pathological
response as a surrogate endpoint. Lancet Oncol. 2014;15(1):e42-50.
Dueck AC, Mendoza TR, Mitchell SA, Reeve BB, Castro KM, Rogak LJ, et al.
Validity and reliability of the US National Cancer Institute’s Patient-
Reported Outcomes version of the Common Terminology Criteria for
Adverse Events (PRO-CTCAE). JAMA Oncol. 2015;1(8):1051-9.

Gordon Lan KK, Demets DL. Discrete sequential boundaries for clinical
trials. Biometrika. 1983;70(3):659-63.

Zhang G, Zhang C, Sun N, Xue L, Yang Z, Fang L, et al. Neoadjuvant
chemoradiotherapy versus neoadjuvant chemotherapy for the treatment
of esophageal squamous cell carcinoma: a propensity score-matched
study from the National Cancer Center in China. J Cancer Res Clin Oncol.
2022;148(4):943-54.

Klevebro F, Johnsen G, Johnson E, Viste A, Myrnas T, Szabo E, et al.
Morbidity and mortality after surgery for cancer of the oesophagus and
gastro-oesophageal junction: a randomized clinical trial of neoadju-

vant chemotherapy vs. neoadjuvant chemoradiation. Eur J Surg Oncol.
2015;41(7):920-6.

Goense L, van der Sluis PC, van Rossum PSN, van der Horst S, Meijer GJ,
Haj Mohammad N, et al. Perioperative chemotherapy versus neoadjuvant
chemoradiotherapy for esophageal or GEJ adenocarcinoma: a propensity
score-matched analysis comparing toxicity, pathologic outcome, and
survival. J Surg Oncol. 2017;115(7):812-20.

Mariette C, Dahan L, Mornex F, Maillard E, Thomas PA, Meunier B, et al.
Surgery alone versus chemoradiotherapy followed by surgery for stage |
and Il esophageal cancer: final analysis of randomized controlled phase Ill
trial FFCD 9901. J Clin Oncol. 2014;32(23):2416-22.

Sun JM, Shen L, Shah MA, Enzinger P, Adenis A, Doi T, et al. Pem-
brolizumab plus chemotherapy versus chemotherapy alone

Page 7 of 7

for first-line treatment of advanced oesophageal cancer (KEY-
NOTE-590): a randomised, placebo-controlled, phase 3 study. Lancet.
2021;398(10302):759-71.

26. LuoH, LuJ,BaiY,MaoT,Wang J, Fan Q, et al. Effect of camrelizumab
vs placebo added to chemotherapy on survival and progression-free
survival in patients with advanced or metastatic esophageal squa-
mous cell carcinoma: the ESCORT-1st randomized clinical trial. JAMA.
2021,326(10):916-25.

27. Hong MH, Kim H, Park SY, Kim DJ, Lee CG, Cho J, et al. A phase Il trial
of preoperative chemoradiotherapy and pembrolizumab for locally
advanced esophageal squamous cell carcinoma (ESCC). Ann Oncol.
2019;37(15_suppl):4027.

28. XuX,SunZ ZhangY, Shen L, Liu Q, Zhang C, et al. Neoadjuvant chemora-
diotherapy combined with perioperative toripalimab in locally advanced
esophageal cancer. J Clin Oncol. 2022;40(16):e16065.

29. van den EndeT, de Clercq NC, van Berge Henegouwen M|, Gisbertz
SS, Geijsen ED, Verhoeven RHA, et al. Neoadjuvant chemoradiotherapy
combined with atezolizumab for resectable esophageal adenocarci-
noma: a single-arm phase Il feasibility trial (PERFECT). Clin Cancer Res.
2021,27(12):3351-9.

30. KojimaT, Doi T. Immunotherapy for esophageal squamous cell carci-
noma. Curr Oncol Rep. 2017;19(5):33.

31. Lim SH,Hong M, Ahn S, Choi YL, Kim KM, Oh D, et al. Changes in tumour
expression of programmed death-ligand 1 after necadjuvant concurrent
chemoradiotherapy in patients with squamous oesophageal cancer. Eur J
Cancer. 2016;52:1-9.

32. Theelen W, Chen D, Verma V, Hobbs BP, Peulen HMU, Aerts J, et al. Pem-
brolizumab with or without radiotherapy for metastatic non-small-cell
lung cancer: a pooled analysis of two randomised trials. Lancet Respir
Med. 2021;9(5):467-75.

33. Moyers JT, Chong EG, Peng J, Tsai HHC, Sufficool D, Shavlik D, et al.

Real world outcomes of combination and timing of immunotherapy
with radiotherapy for melanoma with brain metastases. Cancer Med.
2021;10(4):1201-11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Safety and efficacy of camrelizumab combined with radiotherapy as neoadjuvant therapy for locally advanced esophageal squamous cell carcinoma: a prospective single-arm phase II clinical trial protocol
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methodsdesign
	Study objectives
	Study design
	Study setting 
	Study endpoints
	Inclusion criteria
	Exclusion criteria
	Interventions
	Immunotherapy
	Radiotherapy
	Surgery

	Adverse events record and safety assessment
	Interim analysis and monitoring
	Statistical analysis
	Patient and public involvement

	Discussion
	Trial status
	Acknowledgements
	References


