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Abstract
Background: Clinical studies have shown that programmed cell death-1 (PD-1) inhibitors can activate T cells and inhibit cancer

growth. Therefore, the use of a PD-1 inhibitor plus chemotherapy as neoadjuvant chemotherapy for locally advanced esophageal

cancer is worth further exploration.Methods: Patients with locally advanced esophageal squamous cell carcinomawere enrolled in

this study to receive two cycles of a preoperative combination of toripalimab, paclitaxel, and cisplatin. Efficacy was evaluated after

two treatment cycles. The patients’ postoperative pathological staging was analyzed and compared. Surgery was performed within

42 days of the start date of the last chemotherapy cycle. Results: Neoadjuvant immunochemotherapy achieved a high pathologic

complete response (pCR) rate (29.0%), major pathological response rate (41.9%), and objective response rate (80.6%) and demon-

strated statistically significant downstaging after neoadjuvant therapy (P< .05) with manageable treatment-related adverse effects.

No significant association was found between PD-L1 level and pCR (P= .365). In addition, R0 resection was achieved in all 31 (100%)

patients during surgery. For all the included patients, the one-year progression-free survival rate was 87.1% (95% CI: 75.3%-98.9%),

the one-year overall survival (OS) rate was 96.8% (95% CI: 79.8%-95.9%), and the two-year OS rate was 83.9% (95% CI: 71.6%-

92.2%). Conclusions: Our findings indicate that this combination may be a potential neoadjuvant therapy regimen in this setting.
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Introduction
Esophageal cancer is a common fatal disease with the seventh
highest incidence rate and the sixth highest mortality rate glob-
ally.1 The two main types of esophageal cancer are esophageal
squamous cell carcinoma (ESCC) and adenocarcinoma. The
incidence of ESCC is the highest in Southeast and Central
Asia, where it accounts for 79% of all reported ESCC cases.2

Locally advanced esophageal cancer refers to tumors that
invade regional lymph nodes (N1-3) or local structures (T4
disease).3,4 Patients in this category may be resectable, inoper-
able because of medical reasons, or technically unresectable
because of local tumor extension. Currently, surgical resection
is the primary treatment for locally advanced esophageal
cancer. Most patients are already at the locally advanced
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stage when they are diagnosed; thus, the surgical resection and
long-term survival rates are low, and the 5-year survival rate is
only 20%. Preoperative neoadjuvant therapy can enhance the
surgical resection rate. According to the 2012 CROSS study
data (the Netherlands), compared with surgery alone, neoadju-
vant chemoradiotherapy plus surgery can improve overall sur-
vival (OS) with acceptable adverse-event rates among patients
with potentially curable esophageal or esophagogastric junction
cancer.5 Preoperative chemotherapy with cisplatin plus 5-fluo-
rouracil is the current standard treatment for locally advanced
esophageal cancer in Japan.6 As a standard treatment for
patients diagnosed with locally advanced ESCC, surgery after
preoperative chemotherapy has a considerably higher OS rate
than surgery alone.7 However, 31%–39% of patients still
relapse within 3–5 years after treatment.8,9

Recently, a monoclonal antibody that inhibits programmed
cell death-1 (PD-1) or programmed cell death-ligand 1
(PD-L1) has been developed. It triggers remarkable therapeutic
responses in various malignancies, including ESCC.10 PD-1/
PD-L1 inhibitors have been used to treat many cancer types,
such as melanoma, lung cancer, renal cell carcinoma, and esoph-
ageal cancer,11 because they can activate T cells and suppress
tumor growth.12 Moreover, related studies have shown that
the effects of PD-1/PD-L1 inhibitors may be associated with
tumor mutational burden (TMB).13,14 TMB is a genetic charac-
teristic of tumorous tissue that can be informative to cancer treat-
ment.15 In clinical practice, a certain level of TMB expression
has been found in patients with esophageal cancer.16,17

Therefore, the combination of the PD-1 inhibitor and chemo-
therapy as neoadjuvant therapy for patients with esophageal
cancer is expected to reduce TMB and achieve downstaging.

According to the National Comprehensive Cancer Network
Guidelines, first-line chemotherapy for ESCC is based on
platinum and combined with fluorouracil or paclitaxel.16

Preoperative neoadjuvant chemotherapy has become the stan-
dard preoperative esophageal cancer treatment; however, no
uniform criteria for using neoadjuvant therapy have been estab-
lished. Previous clinical data have confirmed that the combina-
tion of docetaxel, cisplatin, and 5-fluorouracil (DCF) as
neoadjuvant chemotherapy alone achieves a 10% postoperative
pathologic complete response (pCR) rate in patients with
locally advanced ESCC, suggesting that neoadjuvant chemo-
therapy alone has a limited local control rate of esophageal
cancer. Several studies have revealed that PD-1 inhibitors
exert therapeutic effects on esophageal cancer as first- or
second-line treatments.18–22 Meanwhile, several small-sample
exploratory studies have reported the use of PD-1 monoclonal
antibody combined with chemotherapy for the neoadjuvant
treatment of esophageal cancer. Therefore, we employed immu-
notherapy combined with chemotherapy as a neoadjuvant treat-
ment for locally advanced ESCC to improve R0 resection and
pCR rates and enhance patient prognosis.

Toripalimab, a monoclonal antibody specific for humans
PD-1, has been approved for the treatment of several malignan-
cies.23–26 Recent studies have demonstrated its efficacy and
safety in treating esophageal carcinoma.27 During the planning

period of the present study, no data existed on large-scale
clinical trials that used toripalimab and chemotherapy
as neoadjuvant chemotherapy for locally advanced ESCC.
Furthermore, preoperative chemoradiation has been reported
to increase the risk of bleeding or the difficulty of surgery.28

In addition, most patients prefer surgery when their cancer
diagnosis is confirmed. Therefore, this study did not apply
radiotherapy in the neoadjuvant setting. This prospective
study was conducted to evaluate the efficacy and safety of
toripalimab and chemotherapy as neoadjuvant therapy for
locally advanced ESCC.

Materials and Methods

Patient Selection
Patients with locally advanced ESCC (cT3N0-xM0, cT2NxM0;
based on the eighth edition of the tumor/node/metastasis [TNM]
classification for esophageal cancer made by the American Joint
Committee on Cancer [AJCC]) were recruited. The study pro-
tocol was approved by the Research Ethics Board of
Research Ethical Board of Nanjing Medical University
(approval # 2019-005). All included patients signed a consent
form, and we de-identified all patient details.

The inclusion criteria were as follows: (I) patients aged
between 18 and 75 years with an Eastern Cooperative
Oncology Group performance status score of 0–129; (II)
patients with ESCC diagnosed by pathological or histological
examinations before neoadjuvant therapy; (III) patients whose
cardiopulmonary function and tumor staging were judged as
tolerable for surgical resection after a multidisciplinary team
discussion; and (IV) patients whose clinical staging was con-
firmed via positron emission tomography–computed tomogra-
phy, contrast-enhanced computed tomography (CT), or
magnetic resonance imaging. The main exclusion criteria
were as follows: (I) patients who received any other antitumor
therapy before admission, (II) patients with distant metastases,
and (III) patients with other severe malignant tumors.

Neoadjuvant Regimen
The patients were administered a fixed dose of the PD-1 inhibitor
(toripalimab, 240 mg) in combination with an intravenous infu-
sion of paclitaxel (175 mg/m2) and cisplatin (75 mg/m2) on the
first day of the cycle. One cycle was for three weeks. The patients
underwent surgery after two treatment cycles. Blood routine and
renal, hepatic, and thyroid functions were reviewed every three
weeks before each chemotherapy session to assess the toxicity
of the patients. The doses of paclitaxel and cisplatin were
reduced by 20% in the subsequent course when grade 4 neutro-
penia, anemia, or thrombocytopenia was observed.

Surgery
The patients received two immunotherapy cycles plus chemo-
therapy, followed by esophagectomy. After two neoadjuvant
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therapy cycles, the patients underwent CT reexaminations to
evaluate the efficacy of the treatment. The surgeon selected
the surgical method in accordance with the location of the
lesion.

The patients underwent esophagectomy 6–8 weeks after
neoadjuvant therapy. All resected lymph nodes were patholog-
ically examined and classified on the basis of their anatomical
position using the numbering system of the Mountain–Dresler
modification originally proposed by the American Thoracic
Society.30 In addition, the patients’ surgical indicators (eg, sur-
gical time, estimated blood loss, complete resection rate [R0],
and lymph node dissection), pathologic response, and postoper-
ative TNM staging were recorded.

Outcomes
The primary outcome was the pCR rate. pCR was defined as the
absence of residual tumor cells in the completely resected tumor
specimen and all sampled regional lymph nodes.31,32 The
objective response to neoadjuvant therapy was evaluated
using the Response Evaluation Criteria in Solid Tumors

(RECIST) 1.1.33 Pathologists with at least five years of
working experience assessed the objective response on the
basis of the percentage of the measured residual viable tumor
cells in the resected primary tumor. Moreover, the degree of his-
tomorphologic tumor regression was classified into four catego-
ries: Grade 0 (no residual cancer cells; pCR), Grade 1 (single
cells or small groups of cancer cells), Grade 2 (residual
cancer cells outgrown by fibrosis), and Grade 3 (minimal or
no therapeutic effect).34,35

The secondary outcomes included the objective response
rate (ORR), major pathological response (MPR), R0 resection
rate, postoperative downstaging rate, safety of the neoadjuvant
therapy, one-year progression-free survival (PFS), one-year OS,
two-year OS, and post-neoadjuvant therapy response rates.
MPR was defined as the presence of 10% of residual tumor
cells in the primary tumor bed after surgery.31,32 The R0 resec-
tion rate was determined based on the following criteria: no
tumor was visible to the naked eye at the surgical cut edge
and no tumor cells were present within 1 mm of the surgical
cut edge under a microscope.36 For postoperative downstaging,
judgment was made in accordance with the eighth edition of the
AJCC staging of epithelial cancers of the esophagus and esoph-
agogastric junction, which classified the staging diagnosis as
clinical, pathologic, and post-neoadjuvant.37 Postoperative
downstaging was defined as decreased T, N, or TNM stage
before and after neoadjuvant therapy. The toxic effects were
closely monitored in patients who received neoadjuvant
therapy on the basis of the National Cancer Institute’s
Common Terminology Criteria for Adverse Events version
5.0. PFS was defined as the time from therapy to disease pro-
gression from any cause, and OS was defined as the time
from therapy to death from any cause.38 The definitions and
measurements of the response rates (ie, complete response
[CR], partial response [PR], stable disease [SD], and progres-
sive disease [PD]) were consistent with the standards stated in
RECIST 1.1.33

To determine if the PD-L1 level was associated with immu-
notherapy efficacy, we used streptavidin peroxidase solutions in
the immunohistochemistry method to determine the PD-L1 of
all biological tissues before neoadjuvant therapy. The combined
positive score (CPS) was calculated for each patient in accor-
dance with the assessment results, ie, CPS= the total number
of PD-L1-staining cells (tumor and immune cells) / the total
number of viable tumor cells× 100. In addition, CPS < 10 sig-
nified low PD-L1 expression.39

Statistical Analysis
Data were analyzed using SPSS version 26.0 (IBM
Corporation; Armonk, New York). Qualitative variables are
expressed as frequency and percentage, and quantitative vari-
ables are presented as mean± standard deviation (SD) or
median and range (minimum–maximum). Wilcoxon’s
signed-rank test was used to determine the difference between
pre-operative and postoperative TNM stages. Survival curves
were estimated using the Kaplan–Meier method. P< .05 was

Table 1. Baseline Characteristics of the Patients.

Characteristics
All patients, n (%) *

(N= 31)

Age (years), median (range) 65 (49-74)
Sex, n (%)
male 25 (81)
Female 6 (19)

Tumor location, n (%)
Proximal third 3 (10)
Middle third 19 (61)
Distal third 9 (29)
Esophagogastric junction 0 (0)

ECOG PS, n (%)
0 17 (55)
1 14 (45)

Clinical T stage, n (%)
T1 0 (0)
T2 18 (58)
T3 13 (42)
T4 0 (0)

Clinical N stage, n (%)
N0 6 (19)
N1 9 (29)
N2 14 (45)
N3 2 (7)

Clinical M stage, n (%)
M0 31 (100)
M1 0 (0)

Clinical TNM stage, n (%)
Stage II 3 (10)
Stage III 15 (48)
Stage IVA 13 (42)

PD-L1 status, n (%)
CPS＜10 16 (52)
CPS≥ 10 15 (48)

*Or specified.
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considered statistically significant. Additionally, the differences
in pCR between patients whose PD-L1 CPS≥ 10 and CPS < 10
were analyzed through the χ² test. This prospective study fol-
lowed the relevant Equator guidelines.40

Results

Patient Characteristics
Thirty-three patients with locally advanced ESCC treated at
Jiangsu Cancer Hospital from May 2019 to August 2021
were included in this study. Two patients withdrew their
consent before receiving treatment, and 31 patients underwent
surgery after two neoadjuvant therapy cycles. The baseline
characteristics of the 31 patients met the study inclusion criteria
(Table 1). The median age of the included patients was 65 years,
and most of the patients were male (80.6%). The dominant
cancer location was the middle third of the esophagus
(61.3%), and approximately half of the patients (48%) were at
Stage III.

Primary Outcome
The postoperative pathology revealed that Grade 0 postopera-
tive pCR was achieved in nine patients (29.0%). The mean
number of resected lymph nodes was 17 (range of 7-32) in 31
patients. Six (19.0%), nine (29.0%), and seven (23.0%) patients
belonged to grades 1, 2, and 3, respectively. Seven patients
(23.0%) did not respond to neoadjuvant therapy.

Secondary Outcomes
All patients underwent preoperative CT examination to evalu-
ate the therapeutic effects of neoadjuvant therapy. We found
PR in 25 (80.6%) patients and SD in 6 (19.4%) patients. No
patient had CR or PD. Therefore, the ORR rate was 80.6%.
In addition, 22, 7, and 2 cases underwent McKeown esophagec-
tomy, Ivor Lewis esophagectomy, and Sweet esophagectomy,
respectively,41 and MPR was achieved in 13 patients
(41.9%). R0 resection was achieved in all 31 (100%) patients

during surgery. The median operation time was 242 min
(IQR, 221-260 min), and the median intraoperative blood loss
was 120 mL (IQR, 110-140 mL). No patient experienced
in-hospital death. Pulmonary infection anastomotic (n= 9,
29.0%) was the most common complication in the postopera-
tive period (Table 2).

Downgrading was achieved via neoadjuvant chemotherapy
in 20 (64.5%) of the 31 patients. Postoperative pathological
analysis revealed that neoadjuvant therapy had a considerable
downstaging effect, and the patients’ conditions were effec-
tively controlled. A significant difference was observed
between pre-neoadjuvant therapy and postoperative TNM
staging (P< .05; Table 3). However, no significant differences
in pCR were found between patients whose CPS≥ 10 and
CPS < 10 (P= .365).

All patients completed two cycles of PD-1 inhibitor plus
chemotherapy, and none experienced intolerable toxic side
effects or disease progression during the treatment. Among
the 31 patients, 30 (96.8%) experienced treatment-related
adverse events (Table 4), with neutropenia as the most
common grade 3-4 adverse event; it was eliminated after treat-
ment with the granulocyte-colony stimulating factor (G-CSF).
Moreover, 64.5% (n= 20) of the patients showed leukopenia,
which improved after treatment with G-CSF, and 38.7% (n=
12) showed thrombocytopenia, with grades 3-4 accounting
for 9.7% (n= 3). Hemoglobin decreased in 29% of the patients
and reached grades 3-4 (accounting for 6.5%), but it was
restored to grades 1-2 after treatment via erythropoietin, iron,
and blood transfusion. The other common chemotherapy
drug-associated adverse events were weakness or fatigue in
27 patients (87.1%), nausea in 9 (29%), vomiting in 8
(25.8%), alopecia in 17 (54.8%), and myalgia or arthralgia in
19 (61.3%), as shown in Table 4. In addition, hypothyroidism
occurred in four patients (12.9%), but it improved after oral
administration of thyroxine tablets. One patient had immune
dermatitis. We regarded hypothyroidism and immune dermati-
tis as immune-related adverse events.

Table 2. Operative Details and Complications.

TNM stages No. of patients %

Surgical approach
McKeown esophagectomy 22 70.9
Ivor Lewis esophagectomy 7 22.6
Sweet esophagectomy 2 6.5

The type of resection
R0 31 100
R1 0 0

Postoperative complications
Anastomotic fistula 4 12.9
Pulmonary infection anastomotic 9 29.0

Anastomotic hemorrhage 7 22.6
Hoarseness 5 16.1

Table 3. Changes in TNM Stages Between Pretreatment and
Postoperative Patients with Locally Advanced Esophageal Squamous
Cell Carcinoma.

TNM
stages

Pretreatment
clinical

stage TNM, n (%)
(N= 31)

post-operation
pathologic stage TNM,

n (%) (N= 31) P value

T stage <.001
T0 0 11 (35.5)
T1 0 3 (9.7)
T2 18 (58.1) 8 (25.8)
T3 13 (41.9) 9 (29.0)
N stage .001
N0 6 (19.4) 21 (67.7)
N1 9 (29.0) 6 (19.4)
N2 14 (45.2) 3 (9.7)
N3 2 (6.5) 1 (3.2)
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Survival
The median PFS was not reached after a median follow-up
period of 33 months (range: 23-50 months). The one-year
PFS rate was 87.1% (95% CI: 75.3%-98.9%), the one-year
OS rate was 96.8% (95% CI: 79.8%-95.9%), and the
two-year OS rate was 83.9% (95% CI: 71.6%-92.2%). During
the follow-up, 10 patients progressed, and 6 died due to the
disease. Among the 10 patients who progressed, 4 had recur-
rence and metastasis within 1 year. The Kaplan–Meier analysis
of PFS is shown in Figure 1.

Discussion
In this study, we applied neoadjuvant immunochemotherapy
(ie, to ripalimab plus paclitaxel and cisplatin) to patients with
ESCC. The results revealed that this specific neoadjuvant
immunochemotherapy achieved a high pCR rate (29.0%),
MPR rate (41.9%), ORR (80.6%), and significant downstaging

after neoadjuvant therapy (P< .05) with manageable
treatment-related adverse effects. No significant association
was found between PD-L1 level and pCR (P= .365). In addi-
tion, R0 resection was achieved in all 31 (100%) patients
during surgery. For all included patients, the one-year PFS
rate was 87.1% (95% CI: 75.3%-98.9%), the one-year OS
rate was 96.8% (95% CI: 79.8%-95.9%), and the two-year
OS rate was 83.9% (95% CI: 71.6%-92.2%). Immunotherapy
with immune checkpoint inhibitors targeting the PD-1/PD-L1
pathway has produced encouraging results in advanced patients
with esophageal cancer.42–44 Several clinical trials conducted in
2019 have shown that immunotherapy combined with chemora-
diotherapy/chemotherapy results in a neoadjuvant setting for
locally advanced esophageal cancer.45–51 Our findings are con-
sistent with recent findings on pCR in neoadjuvant immunoche-
motherapy for esophageal cancer (16.6%-45.4%).45–52

Specifically, two studies46,47 that examined the combination
of toripalimab with chemotherapy obtained a lower pCR than
that obtained in our study. Another study53 reported that preop-
erative treatment combined with immunotherapy, radiotherapy,
and chemotherapy can achieve high pCR (55.6%). Other
studies on this specific neoadjuvant immunochemotherapy
regimen are currently underway.47,54 In contrast, landmark
trials, such as NEOCRTEC5010,55 CROSS trial l,5 and FFCD
9901,56 that enrolled patients with clinical stage N0-1 disease
administered chemoradiotherapy and obtained high pCR rates
of 33.3%-49%, which may be attributed to improved local
control with radiotherapy.

Given that pCR can demonstrate the absence of residual
invasive cancer in tissues, it has been used to assess the efficacy
of neoadjuvant therapies in oncology.57 The Radiation Therapy
Oncology Group (RTOG) trial 8911 showed that the prognosis
for patients who achieve pCR via neoadjuvant therapy is
improved remarkably compared with that for those who do
not.58 pCR has been proven to be an independent favorable
prognostic predictor of esophageal cancer.59 According to the
OGSG1003 clinical trial data in 2017,60 using the DCF combi-
nation alone as neoadjuvant chemotherapy achieves a 10%
postoperative pCR rate in patients with locally advanced
ESCC.32 Other relevant studies have shown that the pCR rate
of platinum-based neoadjuvant chemotherapy ranges from 0%
to 7.7%.61–63 In this study, pCR was achieved in nine patients
(29.0%) according to the postoperative pathological report,
indicating that the neoadjuvant immunochemotherapy
regimen may have better efficacy than chemotherapy alone.

Our results showed remarkable efficacy, including a 100%
R0 resection rate, 64.5% downstaging rate, and ORR in 25
(80.6%) patients after two neoadjuvant chemotherapy cycles.
Wu et al64 reported that neoadjuvant therapy plus PD-1 does
not delay surgery, and the R0 resection rate reaches 100%.
Other studies65,66 have discovered that the R0 resection rates
for neoadjuvant chemotherapy and neoadjuvant chemoradio-
therapy are 60% and 98%, respectively. In our study, the
one-year PFS rate was 87.1% (95% CI: 75.3%-98.9%), the
one-year OS rate was 96.8% (95% CI: 79.8%-95.9%), and
the two-year OS rate was 83.9% (95% CI: 71.6%-92.2%). In

Table 4. Toxic and side Effects After Neoadjuvant Therapy.

Grade 1-2, n (%) Grade 3-4, n (%)

Leukopenia 13(41.9) 7(22.6)
Neutropenia 15(48.4) 9(29.0)
Thrombocytopenia 9(29.0) 3 (9.7)
Anemia 7(22.6) 2 (6.5)
Nausea 9(29.0) 4(12.9)
Vomiting 8(25.8) 2 (6.5)
Alopecia 15(48.4) 2 (6.5)
Myalgia/Arthralgia 16(51.6) 3 (9.7)
Weakness or fatigue 24(77.4) 3 (9.7)
Immune dermatitis 1(3.2) 0 (0)
hypothyroidism 4(12.9) 0 (0)

Figure 1. Kaplan–Meier estimates of progression-free survival of all
31 included patients.
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the OEO2 study, 802 patients with esophageal cancer (66%
with adenocarcinoma and 31% with ESCC) were randomly
divided into PF neoadjuvant chemotherapy and surgery
groups (two cycles), and the median survival time was 13.3
and 16.8 months, respectively; the two-year OS rates were
34% and 43%, respectively,65 both of which are lower than
the rate in our research. Meanwhile, a phase III clinical trial
(JCOG9907)67 confirmed that neoadjuvant chemotherapy can
considerably improve the 5-year survival rate of resectable
Stage II and III esophageal cancer compared with postoperative
adjuvant chemotherapy (55% vs 43%). Given these results, pre-
operative chemotherapy has become the standard treatment for
locally advanced esophageal cancer. A recent report68 proved
that the 2-year OS for neoadjuvant adebrelimab for locally
advanced ESCC is 92%, which is similar to our result. The
RTOG trial 891157 showed that the survival of patients under-
going R0 resection was significantly higher than that of patients
undergoing R1, R2, or no resection (P< 0001). Several clinical
trials69–71 have also revealed a considerable survival benefit for
patients with tumor downstaging. Furthermore, the MRCOE02
study showed that OS was correlated with pathological lymph
node status and primary tumor regression grade (TRG).
Patients with TRG 1-3 tumors have a much longer OS than
patients with TRG 4-5 tumors.72

The results of our study indicate a potential considerable sur-
vival benefit. According to a recent review, although neoadju-
vant chemotherapy or neoadjuvant chemoradiotherapy
followed by surgery is the standard treatment for patients
with ESCC, with the gradual application of immunotherapy
in esophageal cancer, neoadjuvant immunotherapy plays an
important role.29 Our findings prove that combining PD-1
inhibitors with chemotherapy as a neoadjuvant therapy may
provide additional clinical benefits to patients with ESCC.

This study did not find a statistically significant association
between the PD-L1 level and pCR, which may be due to the
small sample size. However, previous research58 has shown
that the PD-L1 pathological level is not a reliable biomarker
for stratifying patients for anti-PD-L1 therapy. The
ATTRACTION-3 experiment73 revealed that the use of nivolu-
mab for the survival benefit of patients with esophageal cancer
is unrelated to tumor PD-L1 expression. However, in the study
by Yang et al,74 the proportion of patients with high TMB and
high expression of PD-L1 in the primary tumor was consider-
ably higher in the PCR group than in the non-PCR group.
Large-scale, long-term research is needed to clarify this phe-
nomenon. Recently, TMB was proven to be an effective bio-
marker across many cancer types for the identification of
patients who can benefit from immunotherapy.75–78 Over the
last few years, many studies have mapped and characterized
TMB variations across disease pathologies.79–81 These studies
showed that the highest level of TMB is found in melanoma,
followed by NSCLCs and other squamous carcinomas.
Meanwhile, leukemias and pediatric tumors have the lowest
TMB levels. Cancers, such as those of the breast, kidney, and
ovary, display intermediate mutational load levels. In ESCC,
the optimal critical value of TMB is 7.3 mutations/Mb.82

Yuan et al suggested that TMB can be considered a prognostic
marker in patients who have not received radiotherapy.83

In this study, the dominant treatment-related adverse
effects were leukopenia, neutropenia, thrombocytopenia, and
nausea or vomiting. However, all were manageable. Compared
with previous studies,84,85 this study found no new
chemotherapy-related adverse effects. Given the small sample
size of this study, large-scale clinical trials are needed to inves-
tigate the adverse effects of immunotherapy combined with che-
motherapy. Nevertheless, the results of our study show that the
combination of toripalimab plus paclitaxel and carboplatin is
safe and feasible and exerts manageable treatment-related
adverse effects on locally advanced ESCC.

This single-center clinical trial has some limitations. First,
the sample size is small and needs to be enlarged in future
studies. Second, all patients in this trial received neoadjuvant
therapy followed by surgery for esophageal cancer and had a
good prognosis. We will continue to follow up with these
patients and provide findings on long-term efficacy, such as
tumor recurrence, metastasis, and 5-year survival rate, in the
future.

Conclusions
The use of toripalimab plus chemotherapy as preoperative neo-
adjuvant chemotherapy for ESCC showed optimal antitumor
activity and produced a prognosis with manageable adverse
effects, indicating that this combination may be a potential neo-
adjuvant therapy regimen in this setting. We did not find evi-
dence that PD-L1 expression in pretreatment tissue can
predict tumor responses. Further studies with large sample
sizes are required to confirm this statement.

Contribution to the Field Statement
The incidence of ESCC is the highest in Southeast and
Central Asia, where 79% of all ESCC cases are reported.
Most patients are already at a locally advanced stage when
they are diagnosed; thus, surgical resection and long-term
survival rates are low. Preoperative neoadjuvant therapy
can enhance the surgical resection rate. Currently, the stan-
dard neoadjuvant treatment for locally advanced esophageal
cancer is platinum- and taxane-based chemotherapy or che-
moradiation. Several studies have shown that the combina-
tion of PD-1 inhibitors and chemotherapy prolongs the
survival of patients with advanced ESCC. In this study, we
applied neoadjuvant immunochemotherapy (ie, to ripalimab
plus paclitaxel and cisplatin) to patients with ESCC. This
specific neoadjuvant immunochemotherapy achieved a con-
siderable pCR rate (29.0%), ORR (80.6%), and statistically
significant downstaging after neoadjuvant therapy (P < .05)
with manageable treatment-related adverse effects. In addi-
tion, R0 resection was achieved in all 31 (100%) patients
during surgery. For all included patients, the 1-year PFS
rate was 87.1% (95% CI: 75.3%-98.9%). This study
showed that toripalimab combined with chemotherapy is
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safe and may greatly benefit clinical outcomes. Therefore,
this combination may be a potential neoadjuvant therapy
regimen in this setting.
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