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Background: Esophageal squamous cell cancer (ESCC) patients with the potendally resectable disease most
would experience relapse after surgery. Inmunotherapy has been reported to improve the prognosis of advanced
esophageal cancer and may be a new strategy to prevent this urgent condition’s recurrence. We first evaluated the
efficacy and safety of neoadjuvant chemotherapy combined with immunotherapy in patients with resectable ESCC.
Methods: All patients with resectable locally advanced ESCC (clinical stage ITI-IVB). Received at least
1 cycle of neoadjuvant chemotherapy combined with immunotherapy (NACI), and the interval between
each cycle and the operation should be at least 3 weeks. All patients were treated with standard surgery. The
tumor imaginations were obtained at baseline and within a week before surgery. The efficacy endpoint was
the rate of major pathologic response (MPR, 10% viable tumor cells). Expression of immunohistochemical-
related molecules was investigated in surgical samples.

Results: A total of 38 patients with ESCC were included (36 males, median age 61 years), and most of
them used Pembrolizumab (55.26%) and Camrelizumab (31.58%). We analyzed 19 patients and found that
13 patients (68.42%) achieved radiological partial response (PR) by CT images. RO resection was performed
in 35 patients (92.11%), and 10 patients (26.32%) developed postoperative complications. Through
postoperative pathology, we found 13 (34.21%) patients had complete pathologic response (cPR), and 16
(42.11%) patients achieved MPR. We also found that none of the factors had a statistically significant impact
on MPR. Still, the regression rate of Sum of lesion diameter (SLD) was significantly positively correlated
with the pathological remission rate (P=0.012, r=0.565).

Conclusions: The rate of MPR in ESCC patients reached 42.11%. The use of the NACI regimen did not
increase the occurrence of complications in neoadjuvant treatment and operation, and the SLD regression

rate has a certain guiding significance for the effect of immunotherapy.
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Introduction

Esophageal squamous cell cancer (ESCC) is one of the
most malignant cancers (1). For locally advanced stages,
the five-year survival period is frustrating, ranging
from 17-23%, which may be slightly higher in patients
with resectable diseases (2-5), and the current National
Comprehensive Cancer Network (NCCN) guidelines
recommend neoadjuvant therapy (6). Now, immunotherapy
as a new treatment is effective when used alone in resectable
esophageal cancer (7). More and more evidence of
neoadjuvant immunotherapy suggests that it can improve
the prognosis of unresectable tumors, and immunotherapy
drugs have become diverse, such as “Camrelizumab,
Pembrolizumab or Sintilimab,” etc. (8), which have all been
proven to be effective and safe for treatment.

Previously, the prognosis of surgical treatment of
patients with locally advanced disease after neoadjuvant
chemotherapy has improved, and the five-year survival
rate is between 26-36% (9). In the KEYNOTE and
ATTRACTION studies, immunotherapy significantly
improved the five-year survival rate of advanced ESCC
(10,11). In this retrospective study, we conducted a survey
of the efficacy and safety of surgery after neoadjuvant
chemotherapy combined with immunotherapy (NACI) and
explored to compare the effect differences between different
immunodrugs.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-340).

Methods
Patients

This study included 38 patients with resectable locally
advanced ESCC. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the Shanghai Cancer Center (IRB#
090977-1). Written informed consent was required from all
patients. There was no commercial support for the study.
All patients in this study had received more than one course
of chemotherapy combined with immunotherapy and were
scheduled to undergo radical surgery for esophageal cancer
in the Affiliated Cancer Center of Fudan University from
November 2019 to December 2020. All tumors met the
following criteria: (I) histologically confirmed ESCC, (II)
estimated as T [3—4a], N [1-3], and MO, (III) estimated that
RO resection was accessible, and (IV) the upper margin of
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the tumor must be at least 3 cm below the upper esophageal
sphincter, and proximal gastric tumors with mild esophageal
invasion were excluded. Eligible patients are 18 to 75 years
old with Eastern Cooperative Oncology Group (ECOG)
<2 and lost 10 percent or less of their body weight. Patients
must also have adequate hematologic, renal, liver, and lung
function without a history of other cancers or previous
radiation or chemotherapy.

Staging

Before and after neoadjuvant therapy, clinical staging
(cTNM) was arranged for every patient. It included medical
history taking, physical examination, routine laboratory
test, echocardiography, pulmonary function test, contrast-
enhanced chest CT, and upper gastrointestinal endoscopy
with biopsy if not previously examined. Ultrasonography of
the neck with fine-needle aspiration was performed when
cervical lymph node involvement was suspected (9). On
CT examinations, thickening of the esophageal wall was
diagnosed as T3 and direct involvement of adjacent organs
as T4 (12). Some of these patients did not receive CT
examination in our institution before neoadjuvant therapy,
so two specialized radiologists vaguely classified the stages
based on CT reports and film images independently.

Preoperative treatment

All patients received at least 1 cycle of taxel (docetaxel
or paclitaxel) and Platinum Doublet (cisplatin or
carboplatin) combined immunotherapy (Camrelizumab,
Pembrolizumab, or Sintilimab), and the interval among
each cycle and the operation should be at least 3 weeks,
such as 0, 21, 42, 63, etc. Each patient has one and only
one triple-drug regimen. The patients were closely
monitored for toxic effects of chemotherapy with the use
of the National Cancer Institute’s Common Terminology
Criteria for Adverse Events, version 5.0. For patients with
severe side effects, supportive treatment should be given.
Techniques for resection of esophageal cancer have been
reported (13). All patients were treated with standard
minimally invasive esophagectomy (MIE), and the upper
tumor mainly was treated with three-incision McKeown
surgery (three fields or two fields). The middle and lower
segment tumors with two-incision Ivor-Lewis surgery (14).
To confirm the maneuverability of the medicine, lung and
heart function status was assessed. Besides, the gastric tube
was reconstructed with a diameter of 3—4 cm, preserving the
right gastroomental artery. End-to-side stapled techniques
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were performed for mechanical cervical anastomoses and all
thoracic anastomoses, and the thoracic drainage tube was
inserted into the posterior mediastinum.

Postoperative treatment

Patients are treated roughly the same after surgery if they
are physiologically stable. They are extubated at the end
of the surgery, admitted to the intensive care unit, and
admitted to the thoracic surgery unit the next day. Three
days after surgery, the most common method to control
postoperative pain is controlled epidural analgesia in
patients. On postoperative day (POD) 1, patients were
encouraged to prevent blood clots and strengthen enteral
nutrition. Patients were given sips of clear liquids on POD
6 and soft solid foods on POD 7, and they were discharged
on POD 8 or 9.

Pathological analysis

Reports on pathological examination described the tumor
type, extension, proportion of residual cancer cells,
lymph nodes, and resection margins. In the absence of
a macroscopic tumor, any abnormal-appearing tissue
was paraffin-embedded in total to make an adequate
assessment for the presence of a residual tumor and the
effects of therapy, which was evaluated under independent
microscopes by two pathologists. If a vital tumor was
present at 1 mm or less from the proximal, distal, or
circumferential resection margin, it was considered to
be microscopically positive (R1). According to Response
Evaluation Criteria in Solid Tumors (RECIST) version
1.1 (15), we counted the Sum of lesion diameter (SLD)
and Lymph node shortest diameter (LSD) and divided
the pathological types after treatment into the following:
Complete Response (CR), Partial Response (PR),
Progressive Disease (PD), and Stable Disease (SD). We
defined major pathological response (MPR) as residual
tumor <10%; Tumor-free cell residue was defined as the
complete pathological response (pCR), and the Japanese
Classification of Esophageal Cancer was used to evaluate
the pathological response (16): grades: Grade 0 (no tumor
response), Grade la (when necrotic or fibrotic change was
observed in less than one third of the tumor), Grade 1b
(when necrotic or fibrotic change was observed in between
one third and two thirds of the tumor), Grade 2 (when
more than two thirds of the tumor was necrotic or fibrotic),
and Grade 3 (when there were no viable tumor cells).
The expression of PD-L1 was defined by the e Combined
Positive Score (CPS): (-) CPS <10, (+) CPS >10.
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Statistics

Demographics and safety, as well as clinical, radiographic,
pathologic, and molecular response data, were tabulated
using descriptive statistics. Spearman’s correlation was used
to assess the association. We used the 7-test, chi-squared
test, and Fisher exact test to calculate the correlation of
MPR with other variables (age, smoker, drinking history,
clinical-stage, etc.), respectively. Cox proportional hazards
regression analyses were performed with the following
variables: age, smoking history, drinking history, tumor
location, interval from completion of NACI to surgery
(weeks), immunotherapy regimen, NACI course, Clinical
stage. We fit this multivariate Cox regression models to
identify the risk factors including all variables. Reported
P values are two-sided, with the significance level set at
0.05. Statistical analyses were performed using software R,
version 3.5.1.

Results

In this study, a total of 38 patients with ESCC were
included (36 males, 2 females, median age 61 years, range,
57-75 years), and their median BMI was 22.18 (14.3-29.76).
About half of the patients were smokers (57.89%) and
drinkers (44.74%), and 25 patients had no basis disease.
Among all patients, the middle and lower segment tumors
(92.1%) are the most common. Most of these patients use
Pembrolizumab (55.26%) and Camrelizumab (31.58%) for
immunotherapy and usually undergo esophageal surgery
about 5 weeks after treatment (Table 1).

We analyzed CT images of 19 patients before and after
NACI. After treatment, we found that 13 patients (68.42%)
with swollen tumors and lymph nodes shrunk markedly
achieved radiological PR, and the remaining 6 patients
also had varying degrees of reduction but did not meet
the PR criteria. It is worth mentioning that in the course
of neoadjuvant therapy, the vast majority of patients were
found to have no side effects or slight abnormal white
blood cell count. Only one patient developed pulmonary
inflammation with a small amount of pleural effusion, and
the symptoms disappeared after symptomatic treatment
(Table 2).

We mainly performed McKewon (44.74%) and Ivor
Lewis (55.26%) surgery on the patients and found that the
time of operation (211.92+6.57 min) and the amount of
blood loss (186.8+42.82 mL) after surgery were controlled
at a normal level. RO resection was achieved in 35 patients
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Table 1 Clinical characteristics of patients who underwent
chemotherapy and immunotherapy

Table 1 (continued)

3521

Variable N=38 (%)
Age (medium, range) 61 [57-75]
Gender
Male 36 (94.74)
Female 2 (5.26)

BMI kg/m® (medium, range)
ECOG
1
2
Smoking history
Yes
No
Drinking history
Yes

No

22.18 (14.3-29.76)

34 (89.47)
4 (10.53)

22 (57.89)
16 (42.11)

17 (44.74)
21 (55.26)

Table 1 (continued)

Variable N=38 (%)
Basis disease
None 25 (65.79)
Hypertension 12 (31.58)
Heart disease 1(2.63)
Diabetes 2 (5.26)
Tumour location
Proximal third 3(7.89)
Middle third 21 (55.26)
Distal third 14 (36.84)
Immunotherapeutic drugs
Pembrolizumab 21 (55.26)
Camrelizumab 12 (31.58)
Sintilimab 5(13.16)
Interval from completion of NACI to 5[2-13]

surgery [weeks]

ECOG, eastern cooperative oncology group; NACI, neoadjuvant
chemotherapy combined with immunotherapy.

Table 2 Post NACI CT evaluation

Parameters pre-NACI CT, N=19 (%) post-NACI CT, N=19 (%)
Tumor
T2 2 (5.26%) 3(15.79)
T3 18 (94.97) 15 (78.91)
T4a 1(5.26) 1(5.26)
Lymph node
N1 13 (68.42) 16 (84.21)
N2 5(26.32) 2(10.53)
N3 1(5.26) 1(5.26)
cTNM stage
M 13 (68.42) 16 (84.21)
IVA 6 (31.58) 3(15.79)
Response rate
PR 13 (68.42)
SD 6 (31.58)

NACI, neoadjuvant chemotherapy combined with immunotherapy.
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Table 3 The operative information and postoperative pathological

information of the patients

Parameters N=38 (%)
Surgery type
McKewon 17 (44.74)
Ivor Lewis 21 (55.26)
Extent of lymphadenectomy
Two field 37 (97.37)
Three field 1(2.63)
Harvested lymph nodes [No.] 27 [8-61]
Extent of resection
RO 35 (92.11)
R1 3(7.89)
Operation time (min) 211.92+6.57
Blood loss (mL) 186.8+42.82
Blood transfusion
Yes 1(2.63)
No 37 (97.37)
Postoperative complications
None 28 (73.68)
Pneumonia 9 (23.68)
Chylothorax 1(2.63)
Wound infection 1(2.63)
Reoperation 1(2.63)
Reintubationa 5(13.16)
ICU treatment 5(13.16)
Clavien-Dindo grade
0 28 (73.68)
1-2 4(10.53)
3a 1(2.63)
4a 5(13.16)
Postoperative hospital stays [day] 12 [9-58]
Tumor
TO 13 (34.21)
T1a 2 (5.26)
T1b 5(13.16)
T2 5(13.16)
T3 13 (34.21)

Table 3 (continued)
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Table 3 (continued)

Parameters N=38 (%)

Lymph node
NO 20 (52.63)
N1 8 (21.05)
N2 5(13.16)
N3 5(13.16)

YpTNM
0 13 (34.21)
1A 2 (5.26)
1B 2 (5.26)
A 1(2.63)
1B 6 (15.79)
A 1(2.63)
1B 10 (26.32)
IVA 3(7.89)

Pathological response rate
pCR 13 (34.21)
MPR 16 (42.11)

pCR, complete pathological response; MPR, major pathological
response.

(92.11%). A total of 10 patients (26.32%) developed
postoperative complications, including 5 patients with
Clavien-Dindo grade 4a complications (13.16%), which
were transferred to the ICU for treatment. Through
postoperative pathology, we found the postoperative
pathology showed that 9 patients (23.68%) were between
TA-IIB stage, and 14 patients (36.84%) were between
IITA-IVA (Table 3). A total of 13 (34.21%) patients had
complete pathologic response (cPR), and 16 (42.11%)
patients achieved MPR (7able 3). The distribution of
pathologic response can be seen more visually through the
waterfall plot (Figure I).

Among 19 patients with the Continuous CT images,
we found that the regression rate of SLD was significantly
positively correlated with the pathological remission
rate (P=0.012, r=0.565), but the regression rate of LSD
reduction has no correlation with pathological remission
rate (P=0.262, r=0.278). Although there was a trend
between the rate of SLD regression and the rate of LSD
reduction, the P value (P=0.096, r=0.393) indication was not
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meaningful (Figure 2).

In addition, we found that age (P=0.019) of patients
were significantly different between MPR and non-MPR
patients, but no significant differences were found in
gender, BMI, smoking history, drinking history, tumor
location, choice of drugs, clinical stage of the tumor (7able 4),
HER?2, P16, PD-L1 and Ki-67 (Table 5). Further, through
multivariate analysis, we found none of the factors affected
the MPR rate (Tuble 6).

Discussion

Thirty-eight patients with NACI after surgery were
retrospectively analyzed, we found that not only
chemotherapy combined immunotherapy has good security,
and it did not increase the complications of surgery and
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postoperative pathological ease the situation, we learned
that new adjuvant chemotherapy combined immunotherapy
has higher pathological remission rate, suggested it may
have a better prognosis, and, through the correlation
analysis we found that the rate of SLD regression and
pathological remission rate has a certain positive correlation

In recent years, immunotherapy, represented by immune
checkpoint inhibitors, has become a research hotspot in
treating solid tumors, and attempts and breakthroughs
have also been made in esophageal cancer. For advanced
esophageal cancer, including KEYNOTE-181 (10),
ATTRACTION-3 (11), SHR-1210 (17), etc., studies have
confirmed the potential of immunotherapy in the treatment
of esophageal cancer. For locally advanced esophageal
cancer, ASCO (2019) reported a pilot experiment of
nivolumab combined with CRT; a total of 16 patients with
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Table 4 Correlation between preoperative basic patient information and partial pathological response

Parameters MPR (N=16) Non-MPR (N=22) P value
Age

Mean + SD 64.75 (3.60) 59.55 (1.40) 0.019 [1]*
Gender

Male 15 21 1.000 [2]

Female 1 1

Smoking history
Yes 7 15 0.132 [3]
No 9 7

Drinking history

Yes 6 11 0.444 [3]
No 10 11

BMI
<185 1 2 1.000 [2]
>185 15 20

Tumour location

Proximal third 0 3 0.240 [2]
Middle third 11 10
Distal third 5 9

Interval from completion of NACI to surgery (weeks) 4.94(0.98) 6.27(0.61) 0.199 [1]

Neoadjuvant therapy regimens

Cis-platinum + Paclitaxel + Camrelizumab 4 4 0.341 [2]
Carboplatin + Paclitaxel + Camrelizumab 1 3
Cis-platinum + Paclitaxel + Pembrolizumab 6 10
Cis-platinum + Paclitaxel + Sintilimab 3 0
Carboplatin + Paclitaxel + Pembrolizumab 2 3
Paclitaxel + Nedaplatin + Sintilimab 0 2
Chemotherapy course + immunotherapy course
<4 2 4 1.000 [2]
>4 14 18
Immunotherapy regimen
Camrelizumab 5 7 0.732 [2]
Pembrolizumab 8 13
Sintilimab 3 2

Table 4 (continued)
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Table 4 (continued)
Parameters MPR (N=16) Non-MPR (N=22) P value
Immunotherapy course
<2 2 3 1.000 [2]
=2 14 19
Staging
11l 12 19 0.425 [2]
IVA 4 3

[1]: P value is calculated by t-test; [2]: P value is calculated by Fisher exact test; [3]: P value is calculated by chi-squared test. Main

Pathological Reaction, MPR; P>0.05 NS, *P<0.05.

Table 5 Correlation between Pathological immunohistochemistry information and partial pathological response

Parameters TRG 1a/1b (N=17) TRG 2 (N=6) P value
HER2
+ 8 1.000 [2]
- 9
P16
+ 6 1.000 [2]
- 11
PD-LA1
>10 9 0.660 [2]
<10 8
Ki-67
>60% 12 1.000 [2]
<60% 5
[2]: P value is calculated by Fisher exact test; P>0.05 NS.
Table 6 Multivariate analysis of the relationship between patient's basic information and the effect of immunotherapy
Variables OR 95% ClI P value
Age 1.15 0.97-1.35 0.101
Smoking history 7.23 0.3-173.78 0.223
Drinking history 0.56 0.04-8.21 0.669
Tumour location 0.44 0.08-2.51 0.359
Interval from completion of NACI to surgery (weeks) 0.93 0.86-1.01 0.089
Immunotherapy regimen 4.35 0.69-27.61 0.118
NACI course 0.78 0.31-1.97 0.599
Clinical stage 0.19 0.01-2.34 0.194

P value is calculated by Binary logistic regression curve. All variables were included.
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stage II-1III esophageal cancer or gastroesophageal junction
cancer were enrolled. Five patients achieved complete
pathological remission, 9 patients achieved pathological
downgrade, and 15 patients achieved RO resection (18). The
ASCO (2019) meeting also reported the results of Avelumab
combined with neoadjuvant chemotherapy and radiotherapy
in the treatment of operable locally advanced esophageal
adenocarcinoma. Also, it achieved gratifying results, which is
better than the results of previous CROSS studies (19, 20).

By comparing our study to our previous trial,
the operation time (211.92+6.57 vs. 174-202 min),
intraoperative blood loss (186.8+42.82 vs. 103-325 mL),
and postoperative complication (26.32% vs. 30-41%) were
indicating that the quality of our neoadjuvant treatment
did not increase the risk of surgery, and it has good safety
21,22).

Patients who get MPR after neoadjuvant therapy are
more likely to have better survival (23,24). The pathological
response rate of the two chemotherapy drugs in the past
was around 2.5-33% (25,26), and the KEYNOTE-181 (10)
experiment showed that postoperative pathology of 18
evaluable patients found MPR in 9 (50%) cases and
pathological complete remission (pCR) in 3 cases (17%).
Recently, KEYNOTE-590 (27) is the world’s first phase
IIT clinical study for the first-line immune treatment of
locally advanced or metastatic esophageal cancer, enrolled a
total of 749 patients. The results showed that the objective
response rate (ORR) of patients in the first-line treatment
group of pembrolizumab combined with chemotherapy
was 45%, which was significantly higher than that of the
chemotherapy group (29.3%) (P<0.0001). Our results
showed that after NACI, the complete response rate and
PR rate of esophageal cancer patients were 34.21% and
42.11%, respectively. The pCR rate was significantly higher
(34% vs. 3.8%) compare with the patients treated with
chemotherapy (28).

In past reports, we know that in the ATTRACTION-3
experiment, nivolumab is the survival benefit of patients
with esophageal cancer has nothing to do with tumor PD-
L1 expression and PD-L1 negative ESCC patients also
respond to pembrolizumab (11). In the single-arm Phase
II KEYNOTE-180 study, the ORR of patients with PD-
L1 negative tumors was 6.3%, while that of patients with
PD-L1 positive tumors was 13.8% (29). Low remission
rates combined with sample size limitations, the difference
of PD-L1 in our study has not been shown. In this study,
however, in comparing MPR and non-MPR, except for the
significant difference in age, no significant difference was
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found in other factors, including gender, smoking history,
Immunotherapy regimen, PD-L1, and Ki-67, etc. Further,
we conducted a multi-factor analysis and found that the
difference in age is affected by other factors, which has
no decisive influence on the judgment of MPR, and there
was still no significant difference in efficacy between the
different immunotherapy regimens. In the future, we need
to look for indicators to predict MPR.

In many cancers, scientists always hope to find
immunotherapy indicators that can effectively indicate
the effect of immunotherapy, which can help the choice
of subsequent treatment options. In this study, there is a
positive correlation between the patient’s SLD reduction
rate and the pathological remission rate (r=0.565, P=0.012),
but no apparent correlation between the changes of LSD
reduction rate and SLLD reduction rate (r=0.393, P=0.096)
and the pathological remission rate (r=0.262, P=0.278).
In the past reports, the patient’s SLD reduction rate and
the pathological remission rate have always been related
to the trend, including lung cancer (30), etc. This may be
because the esophagus, as an organ of the digestive tract,
has strong peristalsis and contraction movement, and due
to the scraping of the food during the eating process, the
necrotic cancer tissue is peeled off into the stomach so that
its changes can be observed on imaging.

There are some limitations to our study. Firstly, the
paper’s sample size is small and retrospective; secondly,
some patients have disease progression and cannot be
operated on, so there may be a deviation in patient
selection. However, this paper has confirmed the safety of
surgery after immunotherapy, and it is the first retrospective
analysis to compare the safety of different immunodrugs.
Further research is needed to clarify the value of
neoadjuvant immunotherapy.

Conclusions

The rate of MPR in ESCC patients reached 42.11%. The
use of the NACI regimen may not increase the occurrence
of complications in neoadjuvant treatment and operation,
and the SLD regression rate has a certain guiding
significance for the effect of immunotherapy.
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