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Background: Immunotherapy can activate the recognition of tumor antigen, build immune memory, and
more and more clinical trials have taken the scheme of immunochemotherapy or immunoradiotherapy
as a treatment strategy for esophageal squamous cell carcinoma (ESCC). Our objective was to compare
the efficacy and safety between pembrolizumab combined with the chemotherapy group and simple
chemotherapy in neoadjuvant therapy of ESCC.

Methods: Fifty-four ESCC patients with stage II-IVa were enrolled at the Fifth Affiliated Hospital of Sun
Yat-sen University between January 2018 and December 2020, including 23 in the pembrolizumab combined
with chemotherapy group (combined group), and 31 in the simple chemotherapy group. All patients received
radical surgical treatment after two cycles of neoadjuvant therapy.

Results: The pathological complete response (pCR) and objective response rate (ORR) in the combined
group were significantly higher than that of the simple chemotherapy group (30.4% vs. 9.7%, P=0.048;
86.9% vs. 95.7%, P=0.017) as well as the score of tumor regression >2 (80.7% vs. 50.0%, P=0.013). And
the complete rate of esophagectomy and RO /R1 resection rate in the two groups were not statistically
significant. Otherwise, the incidence of adverse events in the combined group was similar compared with the
simple chemotherapy group.

Conclusions: Pembrolizumab combined with chemotherapy showed promising activity with a manageable

safety profile. And it could offer a potential new neoadjuvant treatment approach for patients with ESCC.
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Introduction

Esophageal cancer is increasing year by year in China. By
2020, the incidence rate of esophageal cancer was sixth,
with a mortality rate of fourth, and it was eighth and sixth
worldwide (1). Furthermore, the proportion of esophageal
squamous cell carcinoma (ESCC) in China was more than
90%. ESCC risk factors includes smoking, alcohol, hot
drinks, and nitrosamine intake. In addition, micronutrient
also related to the occurrence of ESCC, such as vitamin
C, vitamin E and folic acid. Also genetic has very big
effect on ESCC (2). Many clinical studies have shown that
the prognosis of ESCC after neoadjuvant chemotherapy
is better than simple radical surgical treatment The
Japanese JCOG9204 and JCOG9907 trials have prompted
a transition from postoperative adjuvant therapy to
neoadjuvant therapy in cll/cIIl ESCC patients (3).
However, nearly half of the patients who have underwent
neoadjuvant chemotherapy and surgery will relapse
within 2 years, become the bottleneck of the treatment in
ESCC, also the overall survival rate in 5 years is still not
optimistic (4-7). Professor Liu’s NEOCRTECS5010 study
established the position of neoadjuvant chemoradiotherapy
in locally advanced ESCC in China (8). Trials showed
that neoadjuvant chemoradiotherapy improved the OS
compared with all other treatment modalities, including
neoadjuvant chemotherapy, neoadjuvant radiotherapy
and surgery alone. However, the risk of postoperative
mortality after neoadjuvant chemoradiotherapy also
increased significantly compared with that of surgery
alone or neoadjuvant chemotherapy + surgery (9). So
patients who received neoadjuvant chemoradiotherapy are
relatively less and are more likely to receive neoadjuvant
chemotherapy. Otherwise, immunotherapy can activate
the recognition of tumor antigen, build immune memory,
and play a role after surgical resection of the tumor.
And it demonstrated that experimentally infected ESCC
responds by increasing the expression of B7-H4 and
lysine demethylase 5B, which allowed subsequent in vivo
analysis of the immunotherapeutic effects of anti-
B7-H4 and histone demethylase inhibitors in models
of chronic infection and immunity against xenografted
human tumors (10). Pembrolizumab combined with
platinum-based chemotherapy has been approved for
the first-line treatment of unresectable or unsuitable for
radical chemotherapy for locally advanced or metastatic
esophageal cancer or gastroesophageal junction cancer.
Nowadays, immunotherapy is added to neoadjuvant
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therapy in clinical trials, taking the neoadjuvant scheme
of immunochemotherapy or immunoradiotherapy as a
treatment strategy for ESCC. But till now the reports
of efficacy and safety are poor, and there is no evidence
for obvious benefit of neoadjuvant immunotherapy for
ESCC. With progress in basic and clinical research on
immunotherapy, optimal preoperative neoadjuvant therapy
for locally advanced ESCC will likely be established in the
future. So it is necessary to further study the efficacy and
safety of neoadjuvant immunochemotherapy for ESCC
(8,11). Otherwise, docetaxel combined with nedaplatin has
the advantage of higher clinical efficacy and lower adverse
effects in the treatment of ESCC. This retrospective study
aimed to compare the efficacy and safety of pembrolizumab
combined chemotherapy and simple chemotherapy in
neoadjuvant treatment of locally advanced ESCC.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-610).

Methods
Patient characteristics

This study included patients with stage II-IVa ESCC
admitted to the Fifth Affiliated Hospital of Sun Yat-sen
University from January 2018 to December 2020. The
criteria included: (I) diagnosed by endoscopic pathology;
(IT) unresectable or difficult to completely resect; (III)
PS score was 1-2 points. The exclusion criteria were: (I)
age over 75 years; (II) with severe cardiac and pulmonary
dysfunction or various diseases that were not tolerable
to intravenous chemotherapy; (III) there were immune
diseases or were unsuitable for immunotherapy in the active
period of hepatitis B; (IV) cervical esophageal cancer, other
malignant tumors or multiple sources of malignant tumors
were diagnosed within 5 years; (V) without chemotherapy,
surgery or traditional Chinese medicine treatment before
treatment; (VI) related clinical data was incomplete. Sixty-
one patients who met the inclusion criteria were randomly
divided into the combination group (23 cases) and the
simple chemotherapy group (31 cases).

Patient treatment

Neoadjuvant immunotherapy combined chemotherapy
(combined group): (I) docetaxel 75 mg/m’ + nidaplatin
80 mg/m’, intravenous drip, d1; (I) pembrolizumab 200 mg,
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intravenous infusion, d2.

Neoadjuvant chemotherapy (simple chemotherapy
group): (I) docetaxel 75 mg/m” + nidaplatin 80 mg/m’,
intravenous drip, d1.

All patients were treated for 21 days as a cycle, and
surgery was performed 4-6 weeks after two cycles. Before
the operation, the whole-body imaging examination and
evaluation were performed before the operation, including
neck, chest, upper abdomen contrast-enhanced CT, and
upper gastrointestinal angiography.

All patients underwent single port pneumatic
mediastinoscopic synchronous laparoscopic radical
esophagectomy. Before the operation, indocyanine green
was injected under a gastroscope to trace mediastinal lymph
nodes. There was no residual intraoperative carcinoma in
all operations. Postoperative pathological examination was
needed to determine whether the cutting edge was negative.

According to RECIST 1.1 (12), the outcome was divided
into complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD). The proportion
of CR + PR was objective response rate (ORR), and the
proportion of CR + PR + SD was disease control rate
(DCR). Adverse events were any adverse clinical events that
occurred in treatment, and were evaluated according to
CTCAE 4.0.

The tumor regression degree was evaluated by the
proportion of scar and residual tumor, and it was grading
into 5 degrees according to Mandard’s TRG system (13):
grade 0 is no regression, grade 1 is residual tumor >50%,
grade 2 is residual tumor 10-50%), grade 3 is residual tumor
<10%, grade 4 is no residual tumor.

Statistical analysis

SPSS 22.0 software was used for statistical analysis. The
continuous variables per the normal distribution were
expressed by means = standard deviation, and a 7-test was
used. The classified variables were expressed by cases (%),
and the chi-square test or Fisher exact probability method
was used. The ordered variables and the continuous
variables not in accordance with the normal distribution
were tested by rank-sum test. P<0.05 were considered
statistically significant.

Ethical statement

All procedures performed in this study involving human
participants were in accordance with the Declaration of
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Helsinki (as revised in 2013). The study was approved by
ethics board of Fifth Affiliated Hospital of Sun Yat-sen
University (No. K248-1) and informed consent was taken
from all the patients.

Results

As shown in Table 1, there was no significant difference in
gender, age, tumor location, the stage before chemotherapy,
tumor length, squamous cell carcinoma differentiation, and
PD-L1 expression between the two groups.

After two-cycle neoadjuvant therapy, CR was observed
in 8 cases (7 cases of postoperative pathology were pCR),
13 cases of PR, 2 cases of SD, 1 case of PD, and ORR,
DcR was 86.9% (20/23), 95.7% (22/23) respectively in the
combined group. However, in the chemotherapy group, CR
was observed in 3 cases (3 cases of postoperative pathology
were pCR), 14 cases of PR, 10 cases of SD, 4 cases of PD,
and ORR, DcR was 54.9% (17/31), 87.1% (27/31). pCR
(P=0.048) and ORR (P=0.017) were significantly different
between the two groups (Tuble 2).

Surgery was performed 4-6 weeks after two cycles
of neoadjuvant therapy. There were 2 patients in the
combination group and 4 patients in the chemotherapy
group (6.7% and 12.9% respectively) who did not
undergo surgery due to the progression of lesions or
serious complications. Forty-seven patients underwent
esophagectomy. The RO (no residual tumor at the cutting
edge under the naked eye and microscope; R1 means
residual tumor at the cutting edge under the microscope.
The RO resection rate of the combination group was
100% (21/21), and that of the chemotherapy group was
96.3% (26/27). In the combined group, 1 case of the
tracheoesophageal fistula was not resected, and 1 case of SD
patient with thoracoscopic surgery found that the tumor
invaded the trachea, so the operation was stopped. In the
chemotherapy group, 1 patient vomited blood, 1 refused
follow-up treatment after grade 4 marrow suppression, and
1 refused surgery and underwent radical radiotherapy. The
complete rate of esophagectomy and RO /R1 resection rate
in the two groups were not statistically significant (7zble 3).

And it was observed that in the combined group, there
were 3 cases of grade 0, 2 cases of grade 1, 5 cases of grade
2, 5 cases of grade 3, and 6 cases of grade 4. While, in the
chemotherapy group, there were 6 cases of grade 0, 7 cases
of grade 1, 5 cases of grade 2, 5 cases of grade 3, and 3 cases
of grade 4. The score of tumor regression >2 was statistically
significant between the two groups (1able 4).
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Table 1 Clinical characteristic of squamous cell carcinoma before chemotherapy

Characteristics Combined group (%) Chemotherapy group (%) P value
Sex 0.569
Male 21 (91.3) 30 (96.7)
Female 2 (8.7) 1(3.3)
Age (x+s, years) 59.2+7.3 58.9+6.4 0.8649
Tumor location 0.421
Upper-thoracic 4 (17.4) 2(6.4)
Middle-thoracic 13 (56.5) 22 (50.0)
Lower-thoracic 6 (26.1) 7 (22.6)
T stage 0.431
T2 4(17.4) 3(9.7)
T3 15 (65.2) 25 (80.6)
T4 4(17.4) 3(9.7)
N stage 0287
N1 4(17.4) 10 (32.3)
N2 14 (60.9) 18 (58.1)
N3 5(21.7) 3(9.6)
Clinical staging 0.291
Il 3(13.0) 4 (12.9)
1] 14 (60.8) 22 (70.1)
IVa 6 (34.8) 5(16.1)
Tumor length (x+s, cm) 7.1+0.3 6.9+0.4 0.1085
Differentiation degree 0.311
G1 14.3) 0(0.0)
G2 9 (39.1) 9 (29.0)
G3 13 (56.5) 22 (71.0)
Expression of PD-L1 0.476
Positive 8 (34.7) 6(19.4)
Negative 7 (30.4) 13 (41.9)
Unknown 8 (34.7) 12 (38.7)

The indication of neoadjuvant therapy for ESCC in our study was clinical-stage T2-4aN1-3 (AJCC 8 TNM classification). PD-L1 =1% was
considered positive, and <1% was considered negative. The classified variables were expressed by cases (%), and the chi-square test or
Fisher exact probability method was used. ESCC, esophageal squamous cell carcinoma.

To evaluate the safety of the two groups, we further
observed the adverse effects of the patients. The incidence
of hematological toxicity above grade 3 was 13.0% (3/23)
and 12.9% (4/31) P=0.838 in the combination group and

simple chemotherapy group respectively, and that of non-
hematological toxicity above grade 3 was 20.0% (6/30)
and 12.9% (4/31) P=0.724 in the combination group.
Hypothyroidism (or hyperthyroidism), rash, immune
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Table 2 Comparison of two groups after neoadjuvant therapy
Group PCR (%) PR (%) SD (%) PD (%) ORR (%) DCR (%)
Combined group 7 (30.4) 13 (56.5) 2(8.7) 1(4.3) 86.9 95.7
Chemotherapy group 3(9.7) 14 (45.1) 10 (32.2) 4(12.9) 54.9 87.1
P value 0.048 0.284 0.039 0.380 0.017 0.380

The classified variables were expressed by cases (%), and the chi-square test or Fisher exact probability method was used. pCR,
pathological complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR,

disease control rate.

Table 3 Comparison of RO resection rate of esophageal cancer
between the two groups

Characteristics RO R1

Combined group 21 (100.0) 0 (0.0
Chemotherapy group 26 (96.3) 1(3.7)
P value 0.685 1.000

The classified variables were expressed by cases (%), and the
chi-square test or Fisher exact probability method was used.

enteritis, immune pneumonia, and other related adverse
reactions can be observed in the combination group, but the
incidence of above grade 3 was 0. What is more, there was
1 case of tracheoesophageal fistula in the combined group,
1 case of massive hemorrhage in the simple chemotherapy
group, and no death in the two groups (Table 5).

Discussion

For advanced esophageal cancer, including KEYNOTE-181,
ATTRACTION-3, FRONTIER, SHR-1210, etc., studies
have confirmed the potential of immunotherapy in the
treatment of esophageal cancer. Pembrolizumab, nivolumab,
camrelizumab, sintilimab have all been proven to be
effective and safe for treatment advanced esophageal, and
pembrolizumab is the earliest drug used in immunotherapy
and was applied in most clinical trials. In 2019, the
ATTRACTION-3 study confirmed the status of second-
line immunotherapy combined with chemotherapy for
advanced esophageal cancer (14,15). KEYNOTE-590 study
showed the efficacy of first-line immunotherapy combined
with chemotherapy for advanced ESCC. KEYNOTE-590
study showed that the efficacy of first-line immunotherapy
combined with chemotherapy for advanced ESCC was
significantly better than that of chemotherapy alone
(OS 12.4 months: 9.8 months, P<0.0001, HR =0.73) in
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2020. Among the patients with CPS >10, the combined
immunotherapy group gained the most obvious benefit
advantage (13.9 months: 8.8 months, P<0.0001, HR
=0.57) (16), which further established the treatment
advantage of immunochemotherapy for ESCC. And several
clinical trials showed that immunotherapy or combined
immunochemotherapy did not significantly increase the
incidence of grade 3 or above adverse events (17-20). The
latest CheckMate-577 study also presented the obvious
benefits of adjuvant immunotherapy after esophageal cancer
surgery (21). Compared with placebo adjuvant therapy,
nivolumab significantly prolonged the DFS time of patients
(22.4 months:11 months, HR =0.69, P=0.0003). Therefore,
immunotherapy plays an increasingly important role in
esophageal cancer.

A study in Japan showed that the expression of PD-
L1 and the infiltration of CD8" T cells in tumor tissue
were significantly increased in neoadjuvant chemotherapy
of locally advanced ESCC (22), suggesting that
immunochemotherapy may be more effective in ESCC.
It is also based on the great advantages of previous
immunochemotherapy that China has carried out several
studies on neoadjuvant immunochemotherapy for
esophageal cancer (23-26). According to the NICE research
results of Professor Yan (24), 11 patients with locally
advanced thoracic ESCC were treated with neoadjuvant
chemotherapy camrelizumab (albumin paclitaxel +
carboplatin). The RO resection rate was 100%, and the
pathological complete response (pCR) rate was 45.5%
(5/11), which was not associated with the expression of
PD-L1. In Li’s study, the pCR rate was significantly better
than in this study. The N stage was earlier, the treatment
response was higher, and the clinical efficacy was better.
However, the hematological toxicity of carboplatin was
higher than that of nedaplatin, and the toxicity above grade
3 increased significantly. In Gu’s KEEP-G 03 study (25),
neoadjuvant therapy of sintilimab combined with three
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Tumor regression score 0 1 2 3 4 >2
Combined group 3(14.3) 2 (9.5) 5(23.8) 5(23.8) 6 (28.6) 16 (85.7)
Chemotherapy group 6 (23.1) 7 (26.9) 5(19.2) 5(19.2) 3(11.5) 13 (50.0)
P value 0.717 0.273 0.728 0.728 0.148 0.013

The classified variables were expressed by cases (%), and the chi-square test or Fisher exact probability method was used.

Table 5 Adverse events comparison of the two groups

Combination group [chemotherapy group]

Side reactions

Class 1 Class 2 Class 3 Class 4
Leukopenia 10 [8] 6 [7] 3[3] 0[]
Neutropenia 91[7] 6 [6] 3[3] 0[1]
Neutropenia with fever 0[0] 0[0] 11[0] 0[1]
Anemia 12 [9] 58] 2[1] 0[0]
Thrombocytopenia 8 [6] 5 [6] 0[0] 0[0]
Nausea 71[6] 41[5] 1[1] 0[0]
Vomiting 5 [5] 3 [4] 1] 0 [0]
Fatigue 12 [13] 7 (8] 2[1] 0[0]
Elevated transaminase 8 [5] 3[2] 0[0] 0[0]
Hyperbilirubinemia 31[2] 1] 0[0] 0[0]
Hypothyroidism or hyperthyroidism 31[0] 1[0] 0[0] 0[0]
Rash 3[0] 2[0] 0[0] 0[0]
Diarrhea 2[0] 11[0] 0[0] 0[0]
Interstitial pneumonia 01[0] 11[0] 0[0] 0[0]
Tracheoesophageal fistula 0[0] 0[0] 0[0] 11[0]
Hemorrhage 0[0] 0[0] 0[0] 0[1]

The chi-square test or Fisher exact probability method was used.

drugs chemotherapies (liposome paclitaxel/cisplatin/tegafur)
can help resect ESCC, with an RO resection rate of 100%,
PCR rate of 26.7%, and major pathological response rate
of 53.3%, which is better than this trial. This may also be
related to the earlier stage of ESCC in Gu’s study.

In Nagai’s study (27), 141 patients underwent neoadjuvant
chemotherapy and subsequent esophagectomy for ESCC
were included. A proportion of 7.1 had pathological complete
response. Upon endoscopic response evaluation, endoscopic
no response, endoscopic partial response, and endoscopic
good response were observed in 46 (32.6%), 54 (33.3%),
and 41 (29.1%) patients, respectively. Pathological
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responders significantly increased as the endoscopic
response grade became better. Among preoperative clinical
factors, only endoscopic response significantly correlated
with pathological response in univariate and multivariate
analysis. Similar pathological response was found in our
chemotherapy group and we will carry on our work on
endoscopic response in future. Trials have tried radiotherapy
before surgery. It was hoped that this would make the
tumour smaller, less likely to spread and patients live longer.
However, the review of trials found no clear evidence that
patients >70 years with locally-advanced esophageal cancer
underwent radiotherapy before surgery increases chances of
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survival (28). So in this research we did not enrolled patients
underwent radiotherapy.

In this clinical trial, the combined group significantly
improved the clinical benefits of ORR, DcR, and pCR; the
value of P showed significantly different. The incidence of
adverse events in the two groups was similar, and no serious
immune response was found. It is worth promoting the new
adjuvant therapy of immunotherapy in the clinical treatment
of esophageal cancer. Due to the limited time, PFS and
OS cannot be counted. In principle, PFS or OS of the
combination group will be longer than the chemotherapy
group if the treatment is continued according to guidelines,
although it needs further follow-up.

Oncologist hope to find predictors of efficacy of
immunotherapy, which can help the options of subsequent
treatment several potential biomarkers are being actively
investigated, including mismatch-repair deficiency, tumor
PD-L1 expression and tumor mutation burden, some of
which have been partially validated in clinical trials (29-32).
Because of the limited specimen, our study failed to test all
these potential biomarkers. In this study, there is a positive
correlation on the patient’s ORR and the pathological
remission rate (P=0.017, P=0.013), but no apparent
correlation on the changes of DCR and RO resection
rate (p=0.380, P=0.685). It indicate that immunotherapy
maintenance maybe an optimal choice after surgery, as
ATTRACTION-1 (33) demonstrated.

Clinical scientists explore target therapy for ESCC ever,
but no molecular-targeting agents demonstrate the clinical
utility in Phase 3 trials (34-37) so far. Negative results from
Phase 3 trials testing gefitinib and panitumumab suggest
the importance of identifying predictive biomarkers of
response to molecular-targeting agents (38,39). But next
generation sequencing technologies provide comprehensive
catalogues of genetic alterations in ESCC may still lead to
therapeutic breakthroughs in a personalized manner. And
as new combination treatment options emerge, especially
combinations of immunotherapy with other agents are
expected to lead to enhance immunotherapy efficacy, such
as immunochemotherapy, immunoradiotherapy combined
with surgery may be breakthroughs treatment in future.

"This study is a single-center, and the sample size is small.
The expression of PD-L1 is unknown in most patients
enrolled in immunotherapy combined with chemotherapy,
which cannot be further grouped and analyzed. And because
many patients have a short time after the operation, the
related adverse reactions after immunotherapy have not
appeared, and the complications have not been counted. In
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conclusion, multicenter, prospective randomized controlled
trials are needed to further confirm the efficacy and safety of
immunochemotherapy as a neoadjuvant treatment approach
for patients with ESCC.
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