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Toripalimab combined with docetaxel and cisplatin neoadjuvant
therapy for locally advanced esophageal squamous cell
carcinoma: a single-center, single-arm clinical trial (ESONICT-2)
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Background: More and more evidence has confirmed the efficacy and safety of immunotherapy drugs,
such as camrelizumab and pembrolizumab. There are several phase-I/II studies showing that toripalimab has
an acceptable safety profile and promising clinical activity in patients with advanced solid tumors. To further
confirm its efficacy and safety, the aim of the study was to evaluate toripalimab combined with docetaxel and
cisplatin neoadjuvant therapy for locally advanced esophageal squamous cell carcinoma (ESCC).

Methods: This study was an investigator-initiated, open-label, non-randomized, single-arm, single-center
phase II trial (registration number: ChiCTR2100052784). The patients eligible for inclusion criteria at
Fujian Medical University Union Hospital from October 2019 to October 2020 were included in this study.
Patients who were suitable for surgery underwent minimally invasive esophagectomy (MIE) within 4-6 weeks
after neoadjuvant therapy. Pathological complete response (pCR) and adverse events (AEs) were the primary
end points. Secondary endpoints included RO resection rate, major pathological response (MPR), interval to
surgery, and 30-day complications.

Results: A total of 20 patients were enrolled from October 2019 to October 2020. All patients successfully
completed 2 cycles of neoadjuvant therapy. Treatment-related AEs were common during neoadjuvant
therapy, with leucopenia the most frequently occurring AE (4/20, 25%). With respect to immune-related
AEs, immune dermatitis occurred in 2 patients, including 1 patient with grade I and 1 patient with grade
III. Based on radiologic evaluation, the objective response rate (ORR) was 70% (14/20). Twelve patients
underwent McKeown MIE. The pCR rate of the primary tumor was 16.7% (2/12), and the MPR rate of the
primary tumor was 5/12 (41.7%). The mean interval to surgery was 33.2 days, and no patients experienced
delayed surgery due to treatment-related AEs. Pneumonia was the most common 30-day postoperative
complication (3/12, 25%). Anastomotic leakage (AL) only occurred in 1 patient during the hospital stay.
There were no treatment- or surgery-related deaths.

Conclusions: Based on our results, toripalimab combined with docetaxel and cisplatin as a novel

neoadjuvant therapy was safe and effective in locally advanced ESCC.

Keywords: Clinical trial; toripalimab; neoadjuvant therapy; minimally invasive surgery; esophageal squamous cell
carcinoma (ESCC)
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Introduction

With more than 600,000 new cases annually, esophageal
carcinoma (EC) was one of the top 10 cancers for cases and
deaths worldwide in 2020 (1). There are two main types
of esophageal cancer, squamous cell carcinoma (ESCC)
and adenocarcinoma (AC). The incidence of ESCC was
highest in South-East and Central Asia, where 79% of
all ESCC cases occurred (2). As a standard treatment for
patients diagnosed with locally advanced ESCC, surgery
after preoperative chemotherapy has significantly better
overall survival than surgery alone (3). However, 31-39% of
patients still relapse within 3-5 years after surgery (4,5).

PD-1/PD-L1 signaling can be blocked by Inhibitors of
programmed cell-death protein 1 (PD-1) and programmed
death-ligand 1 (PD-L1). Therefore, PD-1/PD-L1 reverses
T cell suppression and enhances antitumor immune
response (6). In multiple solid tumors including EC, a
high frequency of mutations was correlated with clinical
benefits from PD-1 or PD-L1 checkpoint inhibitors (7).
Immunotherapy has been proven to significantly improve
the 5-year survival rate of advanced ESCC (8). More
and more evidence has confirmed the efficacy and safety
of immunotherapy drugs, such as camrelizumab and
pembrolizumab (9,10). Toripalimab is a humanized
immunoglobulin G (IgG)4« monoclonal antibody (mAb) with
hinge mutation (S228P) specific for human PD-1 receptor
and blocks PD-1/PD-L1 interactions. In 2018, toripalimab
was approved in China for second-line treatment of
metastatic melanoma. There are several phase-1/1I studies
showing that toripalimab has an acceptable safety profile
and promising clinical activity in patients with advanced
solid tumors (11,12). More and more clinical evidence
indicates that immunotherapy combined with radiotherapy
can improve the efficacy of anti-tumor therapy (13-15).
And the role of PD-1 or PD-L1 inhibitors combined with
chemoradiotherapy has been evaluated (10). Furthermore,
chemotherapy with pembrolizumab or nivolumab shows
the better response rates than chemotherapy alone in
observational studies of neoadjuvant therapy (16,17).

In this clinical trial, we evaluated the efficacy and safety
of surgery after neoadjuvant treatment with toripalimab
plus docetaxel and cisplatin in patients diagnosed with
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locally advanced ESCC. We present the following article in
accordance with the TREND reporting checklist (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-
22-131/rc).

Methods
Study design

This was a single-center, single-arm, prospective
clinical study of preoperative toripalimab combined
with docetaxel and cisplatin neoadjuvant therapy for
locally advanced esophageal ESCC (registration number:
ChiCTR2100052784). The primary outcome was RO
resection rate. The secondary endpoints included objective
response rate (ORR), adverse events (AEs) during
neoadjuvant immunochemotherapy, and intraoperative
and postoperative conditions. The patients were closely
monitored for toxic effects of chemotherapy based on the
National Cancer Institute’s Common Terminology Criteria
for Adverse Events (version 4.0). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by institutional ethics
board of Fujian Medical University (No. 2019YF033-01)
and informed consent was taken from all the patients.

Patients

Patients with previously untreated, locally advanced ESCC
at Fujian Medical University Union Hospital from October
2019 to October 2020 were included in this study.

Patients were enrolled in the study if the following
inclusion criteria were satisfied: (I) aged between 18 and
75; (II) resectable ESCC proven by pathology (including
histology or cytology); (III) esophageal cancer stage > ¢'173
or > N+, confirmed by computed tomography (CT)/
magnetic resonance imaging (MRI) or color ultrasound,
positron emission tomography (PET)-CT, or ultrasonic
gastroscopy before surgery; (IV) newly diagnosed patients
without prior surgery, radiotherapy, chemotherapy,
targeted therapy, immunotherapy, or other treatments;
(V) Eastern Cooperative Oncology Group (ECOG)
performance status (PS) score 0-3; (VI) no serious heart,
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lung, or liver dysfunction, and no acute infection; (VII)
main organs functioned normally and met the following
standards: (I) routine blood examination criteria (no blood
transfusion within 14 days): hemoglobin (HB) 100 g/L or
higher, white blood cells (WBC) 3.5x10°/L, neutrophil
count (NC) 1.5x10°/L, and platelets (PLT) 100x10°/L or
higher; (II) biochemical tests met the following standards:
bilirubin (BIL) <1.5x upper limit of normal (ULN), alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) <2.5x ULN, glutamate pyruvate transaminase
(GPT) <1.5x ULN, serum creatinine (Cr) <1 ULN, and
endogenous creatinine clearance >60 mL/min (Cockcroft-
Gault formula); (VIII) not participating in other clinical
studies within 3 months before treatment; and (IX) subjects
voluntarily joined the study and signed informed consent
with good compliance and follow-up.

The following exclusion criteria were applied: (I)
previous surgical history of thoracic malignant tumor; (II)
prior systemic antitumor therapy, including radiotherapy,
cytotoxic drugs, targeted drugs, monoclonal antibodies,
or experimental therapy, and patients who had taken
antitumor Chinese herbal medicine within 7 days prior
to enrollment; (III) patients with small cell carcinoma,
distant metastasis, or tumor invasion of cervical esophagus
or upper thoracic segment requiring laryngectomy; (IV)
patients with serious heart, liver, kidney neurological, or
mental diseases, or with severe infection; (V) pregnant or
lactating women; (VI) patients with hypertension who could
not be reduced to the normal range by antihypertensive
medication (systolic blood pressure >140 mmHg, diastolic
blood pressure >90 mmHg); (VII) patients with grade I
or above coronary heart disease, arrhythmia [including
prolonged corrected QT (Q'Ic) interval >450 ms in males
and >470 ms in females], or cardiac insufficiency; (VIII)
patients with high risk of bleeding or perforation due to
obvious tumor invasion of adjacent organs (major arteries
or trachea) or esophageal lesions, or patients who had
developed fistulas; (IX) patients with interstitial lung disease
requiring steroid therapy, active pulmonary tuberculosis, a
known history of primary immunodeficiency, or an active
autoimmune disease requiring symptomatic treatment or a
history of the disease within 2 years; (X) a history of severe
allergy, anaphylaxis, or other hypersensitivity reactions to
chimeric or humanized antibodies or fusion proteins; (XI)
patients who had previously received allogeneic stem cell
or solid organ transplantation; and (XII) patients who were
considered unsuitable for inclusion by researchers.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Neoadjuvant therapy

The chemotherapy regimen included docetaxel (75 mg/m?’)
and cisplatin (60 mg/m’), which were administrated
intravenously on days 1 and 22. Toripalimab was given on
days 1 and 22 of the neoadjuvant therapy intravenously at a
dose of 240 mg. There were 2 cycles in all, and the interval
between each cycle was 3 weeks. After the completion
of neoadjuvant therapy, physical examination, routine
laboratory tests, contrast-enhanced chest CT, pulmonary
function test and echocardiography were performed
for disease reassessment and to exclude cases with
contraindication to surgery.

Surgery

Patients who met the surgical criteria underwent surgery
within 4-6 weeks after completion of neoadjuvant therapy.
For tumors located in the upper esophagus or patients
with cervical lymph node involvement, McKeown
esophagectomy with 3-field or 2-field lymph node dissection
was performed. For tumors located in the middle and lower
esophagus, Ivor-Lewis esophagectomy with 2-field lymph
node dissection was performed. Gastric-tube reconstruction
with a cervical anastomosis was performed for restoring
the continuity of the digestive tract. Mechanical cervical
anastomoses and all thoracic anastomoses were performed
with end-to-side stapled techniques, and the thoracic
drainage tube was inserted into the posterior mediastinum.

Pathological evaluation

Reports on pathological examination represented the
tumor type and extension, lymph nodes, and resection
margins. In defect of macroscopical tumor, any tissue
appearing abnormal was paraffin-embedded so as to create
an adequate assessment for the presence of residual tumor
and the effects of therapy. The histomorphologic regression
of residual esophageal tumors was divided into 4 categories:
grade I [no evidence of vital residual tumor cells, pathologic
complete response (pCR)]; grade II (less than 10% vital
residual tumor cells); grade III (11-50%); and grade IV
(more than 50%) (18,19).

Statistical analysis

The data in this study are descriptive. Data are presented
as mean value + standard deviation for continuous variables
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Y

20 patients received 2 cycles therapy

Y

15 patients suitable for radical surgery

Y

5 patients refused to join this study

Clinical evaluation:
14 patients diagnosed with PR
5 patients diagnosed with SD
1 patient diagnosed with PD

3 patients refused to surgery due

Y

to symptoms relieve

12 patients underwent esophagectomy

Figure 1 Flowchart of patient selection. PR, partial response; SD, stable disease; PD, progressive disease.

and percentages for categorical variables. All statistical
analyses were performed using SPSS 21 software.

Results

Clinical characteristics

Between October 2019 and October 2020, 20 ESCC
patients agreed to receive neoadjuvant toripalimab
combined with docetaxel and cisplatin. The patient
selection process is summarized in Figure 1. Most patients
were male (17/20, 85%) and 3 were female. The median
age was 58.3 years (range, 49-69 years). Three patients had
hypertension and 2 had diabetes. The median American
Society of Anesthesiologists (ASA) status score was II. All
patients completed 2 cycles of preoperative treatment,
which comprised a flat dose of toripalimab plus docetaxel
and cisplatin on days 1 and 22. The clinical characteristics
of the included patients are summarized in Table 1.

Treatment-related AEs

Treatment-related AEs of any grade during neoadjuvant
treatment period are shown in 7able 2. Treatment-related
AEs were common, and most were grade I-II. One patient
with grade III leucopenia, 1 patient with grade III anemia,
and 1 patient with increased transaminase were observed.
With respect to immunotherapy-related AEs, there were 2
patients with immune dermatitis, which included 1 patient
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diagnosed with grade I and 1 patient diagnosed with grade
IIT (Figure 2). Other toxicities of immunotherapy were not
observed, including pneumonia, myocarditis, hepatitis,
nephritis, thyroiditis, and hypophysitis.

All patients successfully received 2 cycles of neoadjuvant
immunotherapy combined with chemotherapy. After 2
cycles of neoadjuvant therapy, clinical evaluation and
multidisciplinary discussion were conducted to determine
further treatment. The ORR was 70% (14/20), and
1 patient achieved clinical partial response (cPR). A total of
15 patients were suitable for radical surgery after 2 cycles
of neoadjuvant therapy, and 3 patients refused surgery after
symptoms were relieved. The median interval between
the completion of preoperative treatment and surgery was
33.2+8.5 days. No treatment-related surgical delays were
observed, and surgery was conducted in all patients between
4-6 weeks after neoadjuvant therapy.

Preoperative outcomes and pathological response

Twelve patients underwent minimal invasive esophagectomy
(MIE), and no patients required conversion to thoracotomy.
Further, all patients achieved standard RO resection. The
mean operation time was 321.75+50.74 minutes, and the
mean blood loss was 131.66+64.22 mL. Pneumonia occurred
in 3 patients (3/12, 25%), 2 patients experienced cardiac
events (2/12, 16.7%), chylothorax occurred in 1 patient
(1712, 8.3%), and 1 patient had anastomotic leakage (AL)
(1712, 8.3%). There was no 30-day mortality or 30-day
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Table 1 Baseline demographic and clinical characteristics
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Table 2 Treatment-related adverse events

Adverse events 1-2 grade, n (%) >3 grade, n (%)

Characteristic Value
Mean age [range], years 58.3 [49-69]
Gender, n (%)
Male 17 (85.0)
Female 3(15.0)
BMI (mean) 22.20
Range 18.49-26.30
<25, n (%) 18 (90.0)
>25, n (%) 2(10.0)
Preoperative complications, n (%)
Hypertension 3(15.0
Diabetes 1(5.0)
Coronary heart disease 0 (0.0)
ASA status 2 [2-2]
Smoking history, n (%) 13 (65.0)
Drinking history, n (%) 4 (20.0)
Tumor location, n (%)
Upper 2(10.0
Middle 13 (65.0)
Lower 5(25.0)
Effect after immunotherapy, n (%)
cCR 0(0.0)
cPR 14 (70.0)
cSD 5(25.0)
cPD 1(5.0
Objective response rate 14 (70.0)

BMI, body mass index; ASA status, The American Society
of Anesthesiologists' Physical Status; cCR, clinical complete
response; cPR, clinical partial response; cSD, clinical stable
disease; cPD, clinical progressive disease.

readmission in this cohort. Preoperative outcomes and
postoperative complications are shown in Tuble 3. Five
patients (41.7%) were stage I-1I, and 7 patients (50.0%)
were stage IITA-IVA. There were 2 (16.7%) patients who
had pCR, and 5 (41.7%) patients achieved at least major
pathological response (MPR). The conditions of nerve or
vascular invasion and lymphatic metastasis are shown in
Table 4.

© Journal of Gastrointestinal Oncology. All rights reserved.

Leucopenia 3(15.0) 1(5.0)
Neutropenia 3(15.0 0
Lymphopenia 2(10.0 0
Anemia 1(5.0) 1(5.0)
Increased transaminase 2(10.0 1(5.0)
Alopecia 4 (20.0) 0
Constipation 2 (10.0) 0
Diarrhea 1(5.0) 0
Fatigue 3(15.0 0
Nausea 4 (20.0) 0
Vomiting 3(15.0 0
Immune dermatitis 1(5.0) 1(5.0)
Immune pneumonitis 0 (0.0) 0(0.0)
Discussion

Several recent studies, including KEYNOTE-181 and
ATTRACTION-3 (8,20), have shown that immunotherapy
inhibitors of PD-1/PD-L1 for advanced esophageal
cancer offer a significant improvement as second-line
therapy. Compared with surgery or adjuvant therapy alone,
neoadjuvant therapy before surgery can improve the survival
rate of patients with advanced ESCC (3,21). Toripalimab
is a humanized IgG4x mAb with hinge mutation (S228P)
specific for human PD-1 receptor and blocks PD-1/PD-
Llinteractions. It is used as second-line treatment for
metastatic melanoma, and toripalimab plus chemotherapy
has shown promising antitumor activity with acceptable
safety profiles as a second-line treatment for patients with
epidermal growth factor receptor (EGFR)-mutant non-
small cell lung cancer (NSCLC) (22). However, there are
few studies reporting on toripalimab for locally advanced
esophageal cancer.

Our study showed that neoadjuvant treatment of locally
advanced ESCC patients with toripalimab plus docetaxel
(75 mg/m®) and cisplatin (60 mg/m’) was well tolerated,
causing a small number of grade >3 AEs, no treatment-
related surgical delays, and no severe perioperative
complications. Two patients experienced immune
dermatitis, including 1 patient diagnosed with grade I and
1 patient with grade III. The pattern of AE grades in this
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Figure 2 Appearance of immune dermatitis. (A) Immune dermatitis occurred after 2 cycles neoadjuvant therapy; (B) immune dermatitis

relieved after 1 week of oral prednisone; (C) immune dermatitis disappeared after 2 weeks of oral prednisone.

Table 3 Preoperative outcomes and postoperative complications

Table 4 Pathological results in patients receiving neoadjuvant

immunotherapy and chemotherapy plus surgery

Content Value

Number receiving surgery 12 Content Number (%)

Interval to surgery (d) 33.0485 Pathology response in tumor

Conversion into open surgery 0 1 2(16.7)

Operation time (min) 321.75+50.74 2 3(25.0)

Blood loss (mL) 131.66+64.22 3 6 (50.0)

ICU admission (d) 2+3.69 4 1(8.3)

Postoperative hospital stay (d) 12.41+5.55 Pathological stage

Chest tube duration (d) 5.5+4.46 I 4(33.3)

Postoperative complications, n (%) I 1(8.3)
Pneumonia 3 (25.0) A 1(8.3)
Thrombogenesis 0 e 6 (50.0)
Chylothorax 1(8.3) IVA 0
Cardiac events 2(16.7) Nerve invasion 3(25.0)
Anastomotic leakage 1(8.3) Vascular invasion 4(33.3)
Intestinal obstruction 0 Lymphatic metastasis 7(58.3)
Postoperative bleeding 0 Thoracic lymphatic metastasis 6 (50.0)
Secondary operation 0 Abdominal lymphatic metastasis 2 (16.7)

30-day mortality 0

30-day readmission 0

ICU, intensive care unit.
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Figure 3 Intraoperative tissue fibrosis. (A) Fibrosis in esophageal mesentery near primary tumor; (B) fibrosis in esophageal mesentery near

pericardium; (C) fibrosis in esophageal mesentery near thoracic aorta; (D) fibrosis in esophageal mesentery near trachea.

cohort was similar to neoadjuvant chemoradiotherapy (23),
which validated the manageable safety and feasibility
of our therapeutic regimen in patients with locally
advanced ESCC.

A concern for our surgeons was whether additional
immunotherapy would increase the surgical difficulty and
technical challenge. All patients in our study successfully
underwent MIE without conversion to thoracotomy,
and for experienced surgeons, MIE was applicable for
patients receiving neoadjuvant toripalimab plus docetaxel
and cisplatin. In contrast, the previous study have shown
that surgical resection of NSCLC after neoadjuvant
immunotherapy was more difficult and challenging due
to dense fibrosis, especially in mediastinal and hilar
dissection (24). In addition, unexpected thoracotomy may
occur in patients after immunotherapy (25,26). To the best
of our knowledge, there are no similar reports in patients
receiving additional immunotherapy. During the surgical
procedure, we noticed fibrosis in the esophageal mesentery;
however, the fibrosis was not dense and did not significantly
increase the difficulty in distinguishing the tumor from
surrounding organs or tissues (Figure 3). When the primary
tumor is in the upper third or middle third thoracic region,

© Journal of Gastrointestinal Oncology. All rights reserved.

or when the primary tumor is large, the surgeon needs
to carefully locate the boundary between the tumor and
normal tissue to avoid injury to surrounding organs, such as
the thoracic duct, aorta, and trachea.

We observed that the use of 2 cycles of neoadjuvant
therapy in patients with esophageal cancer resulted in
16.7% of tumors being eligible for pCR. Samson et al.
reported a large cohort from the National Cancer Database,
including 916 patients receiving neoadjuvant chemotherapy
and 6,422 receiving neoadjuvant chemoradiation. The
pCR rate was 17.2% and 6.4% in the neoadjuvant
chemoradiation group and neoadjuvant chemotherapy
group, respectively (27). The pCR rate in our cohort
was superior to that for neoadjuvant chemotherapy and
inferior compared to neoadjuvant chemoradiotherapy. One
study recently presented at European Society for Medical
Oncology (ESMO) Virtual Congress 2020 employed a
regimen including nab-paclitaxel/S1 plus toripalimab for
neoadjuvant treatment with a pCR rate of 16.67% (28),
which was similar to our findings. Shen ez 4/. reported a
retrospective cohort received neoadjuvant PD-1 (including
nivolumab, pembrolizumab, and camrelizumab) plus
chemotherapy with a pCR rate of 33% (29). Yang et 4l
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reported a retrospective cohort received treatment with
camrelizumab plus nab-paclitaxel/S1 with a pCR rate of
33.3% (4/12) (30). The above two regimens seemed to have
a higher pCR rate than that in this cohort, indicating that
homogenous PD-1 inhibitor and the number of neoadjuvant
cycles may have different effects on pathological response.
Considering the limited size of the present report, further
studies are necessary to explore more suitable regimens for
patients with locally advanced ESCC in China.

The postoperative complications in this cohort were
manageable. Only 1 patient (1/12, 8.3%) had AL. According
to previous research, the incidence of AL ranges between
11.4-21.2% (31). Neoadjuvant chemoradiotherapy has
undergone decades of development and is recommended as
first-line treatment for locally advanced ESCC. However,
the evidence regarding the extent and dose of neoadjuvant
chemoradiotherapy affecting AL remains controversial,
particularly regarding the “safe” dose of chemoradiotherapy
in the fundus (anastomotic area used in gastric tube
reconstruction). Thus, we hypothesized that different
regimens, cycles, and surgical intervals may have different
effects on the occurrence of AL. Whether the use of
additional neoadjuvant therapy would increase the risk of
AL requires further investigation.

To the best of our knowledge, this is the first report
of neoadjuvant immunotherapy and chemotherapy
(nICT) using toripalimab for locally advanced ESCC.
The combination of immunotherapy and chemotherapy
can modulate the tumor microenvironment to increase
cytotoxic drug sensitivity and achieve synergistic antitumor
effect. However, this study had several limitations. First,
the sample size was small and came from a single center.
The patients were recruited through a highly selective
process and all were diagnosed with ESCC. Second, this
was a single-arm study that required a control group
to definitively assess the role of toripalimab in nICT.
Thus, our conclusions may not be applicable to patients
treated with other surgical procedures, other histological
types, or other immune checkpoint inhibitors. Third, an
investigation of overall survival and disease-free survival is
necessary to evaluate function of pCR in nICT for locally
advanced ESCC.

Conclusions

Based on our results, toripalimab combined with docetaxel
and cisplatin as a novel neoadjuvant therapy was safe and
effective in locally advanced ESCC.

© Journal of Gastrointestinal Oncology. All rights reserved.
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