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Abstract
Esophageal cancer is one of the most commonly diagnosed malignant tumors, espe-
cially in north China. Surgery is one of the major treatments. However, for locally
advanced cases, surgery alone does not achieve an ideal prognosis. As a result of rapid
development in recent years, neoadjuvant chemotherapy, neoadjuvant radiotherapy or
neoadjuvant chemoradiotherapy followed by surgery are becoming the “standard
treatment pattern” for patients with locally advanced esophageal cancer, and an
improvement in prognosis is evident. With the gradual application of immunotherapy
in esophageal cancer, neoadjuvant immunotherapy has also shown an important role.
This article mainly focuses on the history and current status of neoadjuvant treatment
and its future role in the treatment of esophageal cancer.
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INTRODUCTION

Esophageal cancer is one of the common malignant tumors.
China is a high-risk area for esophageal cancer. In 2015, the
national incidence rate of esophageal cancer ranked fifth in
all malignant tumors, and mortality rate ranked fourth.1

The disease seriously affects peoples’ health. Surgery, che-
motherapy and radiotherapy are still the main treatments
for esophageal cancer. With the advancement of oncology
and advances in surgical techniques, the 5-year survival rate
of esophageal cancer has increased from 19% in the 1970s2

to 47% today.3 This large-scale increase in survival rate is
more dependent on the wide application of neoadjuvant
radiotherapy and chemotherapy in locally advanced esopha-
geal cancer. In addition, since 2018, immunotherapy for
esophageal cancer has gradually emerged, and neoadjuvant
immunotherapy combined with neoadjuvant chemotherapy
or chemoradiotherapy has been successively launched. A
number of studies at home and abroad have shown that
neoadjuvant immunotherapy combined with neoadjuvant
chemoradiotherapy can achieve better tumor regression in
patients with locally advanced esophageal cancer. This arti-
cle reviews the history of neoadjuvant therapy in patients

with locally advanced esophageal cancer and explores the
value of neoadjuvant radiotherapy, chemotherapy and neo-
adjuvant immunotherapy.

ADJUVANT CHEMOTHERAPY AND
RADIOTHERAPY

The purpose of adjuvant chemotherapy is to control and
eliminate potential micrometastases in the body. Adjuvant
radiotherapy is designed to control non-R0 resected local
lesions and suspicious scattered tumor cells. A combination
of both aims is to improve the long-term survival rate in
patients with locally advanced esophageal cancer after sur-
gery. Platinum-based two- or three-drug chemotherapy can
improve survival rate to a certain extent, and is related to
the degree of tumor differentiation; that is, patients with
poorly differentiated tumors benefit greatly from adjuvant
chemotherapy.4,5 However, meta-analyses indicate that
adjuvant chemotherapy remains controversial. In a study by
Huang et al., although the survival rate of the adjuvant che-
motherapy group improved, the results in most studies were
not statistically significant.6 Indications for adjuvant
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radiotherapy are narrower, most are used for R1 or R2
resection, and the meaning of the results is therefore lim-
ited.7 Due to the considerable difference in the dietary reha-
bilitation process after esophageal cancer surgery, most
patients have low PS scores. Postoperative radiotherapy and
chemotherapy are often difficult to implement as scheduled.
Neoadjuvant therapy for esophageal cancer has gradually
become an important exploration direction. It has been pre-
viously reported that the effects of neoadjuvant radiotherapy
and chemotherapy are better than adjuvant radiotherapy
and chemotherapy.8

NEOADJUVANT CHEMOTHERAPY

Compared with adjuvant chemotherapy, neoadjuvant che-
motherapy has the following theoretical advantages:
(i) Preoperative patients have better PS scores, better toler-
ance and compliance to chemotherapy. (ii) There is a down-
staging effect on locally advanced esophageal cancer, which
can improve the R0 resection rate. (iii) It can eliminate
potential micrometastasis in the blood and occult distant
metastatic lesions. (iv) It can sensitize preoperative radio-
therapy to further improve the R0 resection rate. (v) It
enables objective evaluation of the sensitivity of chemothera-
peutic drugs in vivo, and (vi) facilitates the screening of
appropriate surgical patients based on chemotherapy
response.

In the 1980s, clinical trials of neoadjuvant chemotherapy
in esophageal cancer had begun to be implemented. At that
time, the chemotherapy regimen was basically a two- or
three-drug regimen based on cisplatin (cisplatin +5-FU/
methotrexate/vincristine/bleomycin, etc. The most com-
monly used regimen was cisplatin combined with 5-FU two-
drug regimen). Initially, whether it was a one-arm or ran-
domized controlled trial, the conclusion of several studies
was that neoadjuvant chemotherapy did not play a role in
the treatment of esophageal cancer with no improvement
in long-term patient survival.9–11 A study by Schlag reported
that neoadjuvant chemotherapy increased the risk of periop-
erative death.12 The famous American INT 113 trial also
concluded that neoadjuvant chemotherapy was ineffective.
It randomly included 452 patients with stages I–III esopha-
geal cancer, of which 46% had adenocarcinoma (ADC) and
54% had squamous cell carcinoma (SCC). Patients in the
experimental group received three-cycles of cisplatin +5-FU
chemotherapy before surgery, and received two-cycles of cis-
platin +5-FU chemotherapy after surgery. There was no sig-
nificant difference in R0 resection rate between the two
groups. The pathological complete response (pCR) of the
preoperative chemotherapy group was 2.5%. There was no
significant difference in 5-year survival between the two
groups. Although most trials have failed to support the
potential of neoadjuvant chemotherapy to improve
the long-term efficacy of esophageal cancer, the studies con-
cluded that patients with better lesion response after chemo-
therapy (pCR patients) achieved significantly longer

survival. Even the patient survival rate has been previously
reported to double compared with those patients who
underwent direct surgery.13,14

It is precisely because of the good long-term survival of
patients with pCR after neoadjuvant chemotherapy that the
exploration of neoadjuvant chemotherapy continues. In
2002, the Medical Research Council Esophageal Cancer
Working Group (MRC)15 reported the preliminary results
of a randomized controlled trial of MRC-OEO2. From 1990
to 1998, 802 patients with stage I–III esophageal cancer were
included, of which 70% were adenocarcinoma and 30%
were squamous cell carcinoma. The patients in the experi-
mental group received two cycles of cisplatin +5-FU chemo-
therapy before surgery. The R0 resection rate of the
experimental group was higher than that of the control
group (60% vs. 54%, p < 0.0001). The median follow-up
time was 17 months and observations as follows: preopera-
tive chemotherapy improved the 2-year survival rate (43%
vs. 34%, p < 0.05) of experimental group patients, and the
median survival of the experimental group was also higher
than the control group (16.8 months vs. 13.3 months,
p = 0.004). Further stratified analysis found that preopera-
tive chemotherapy could prolong the survival of patients
with adenocarcinoma and squamous cell carcinoma. After
the trial stopped in 1998, follow-up work was still ongoing.
The study extended the follow-up time to a median follow-
up of six years. In 2009, the final data of long-term survival
comparison was given: 400 in the experimental group,
402 in the surgical group. There were 655 deaths, including
320 in the experimental group and 335 in the surgical group.
Survival benefit risk ratio (HR) was 0.84, The 5-year survival
rate of the experimental group was 23.0%, while the 5-year
survival rate of the surgical group was 17.1%. There were
significant differences, and the therapeutic effect was consis-
tent in patients with both adenocarcinoma and squamous
cell carcinoma. In the analysis of disease-free survival (DFS),
positive events often occurred in R2 resected or unresected
patients, with an incidence of 26.4% in the surgical group
and 14.3% in the experimental group (p < 001). The three-
year survival rate by resection type was 42.4% for R0, 18.0%
for R1, and 8.6% for R2.16

In 2007, eight randomized controlled clinical trials (n =
1724) including preoperative (neoadjuvant) chemoradiotherapy
or chemotherapy, or surgery alone for meta-analysis were
reported by Gebski et al.17 Preoperative chemotherapy was
found to reduce the relative risk of death in patients with
esophageal cancer by 10%, and increase the 2-year survival
rate of patients with esophageal cancer by 7%. However,
unlike the OEO2 results, meta-analysis showed that preop-
erative chemotherapy was only effective for patients with
adenocarcinoma and not squamous cell carcinoma. In the
same year, a large-scale randomized controlled trial in the
United States, reported an opposing view.18 A total of
216 patients received chemotherapy before surgery and
227 patients underwent direct surgery. Fifty-nine percent of
patients were in the direct surgery group and 63% of
patients underwent chemotherapy plus surgery and received
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R0 resection (p = 0.5137). Patients with non-R0 resection
had a poor prognosis; 32% of patients who underwent R0
resection were alive at five years without disease progression,
and only 5% of patients who underwent R1 re-
section survived for more than five years. There was no sig-
nificant difference in median survival for patients with R1,
R2 or no resection. Although the overall survival (OS) rate
of patients undergoing perioperative chemotherapy did not
differ from those undergoing surgery alone, patients who
achieved objective tumor regression after preoperative che-
motherapy were found to have improved survival. This
highlights that for patients with localized esophageal cancer,
regardless of whether or not chemotherapy is performed
before surgery, only R0 resection can achieve substantial
long-term survival. Even a histologically-confirmed positive
margin is an independent risk factor for prognosis. With the
passage of time, a randomized controlled trial of squamous
cell carcinoma in Japan in 2008 obtained positive results. In
this trial, 330 patients with stages II–III esophageal squa-
mous cell carcinoma were treated with cisplatin +5-FU regi-
men for two courses. The 5-year survival rate was
significantly higher in the preoperative chemotherapy group
than in the postoperative chemotherapy group (60% vs.
38%; p = 0.013).19 Two subsequent randomized controlled
trials in 2011 demonstrated the benefits of neoadjuvant che-
motherapy in squamous cell carcinoma and adenocarci-
noma patients, respectively. Boonstra et al.20 in the
Netherlands reported 169 patients with esophageal squa-
mous cell carcinoma, of which 85 received preoperative che-
motherapy (etoposide + cisplatin) (CS group) and 84
underwent immediate surgery (S group). There were 148
deaths, including 71 in the CS group and 77 in the S group.
The median OS time in the CS group was 16 months, while
the S group was 12 months; the 2-year survival rates were
42% and 30% respectively; the 5-year survival rates were
26% and 17% respectively, with significant differences.
Ychou et al.21reported that 224 patients with resectable ade-
nocarcinoma of the lower esophagus and adenocarcinoma
at the gastroesophageal junction were randomly assigned to
perioperative chemotherapy and surgery (CS group;
n = 113) or surgery alone (S group; n = 111). The chemo-
therapy regimen was cisplatin +5FU. The results showed
that the CS group had a better OS (5-year rate of 38%
vs. 24%) compared with the S group; and better DFS (5-year
ratio: 34% vs. 19%).

In summary, compared with direct surgery, surgery after
neoadjuvant chemotherapy can increase the R0 resection
rate, thereby increasing the long-term survival rate. How-
ever, due to the different pathological types of esophageal
cancer in the East and West, chemotherapy regimens and
baseline characteristics of different randomized controlled
trials, it remains difficult to conclude whether neoadjuvant
chemotherapy can improve the long-term survival rate of
patients with esophageal cancer. A large sample size ran-
domized controlled trial of a single pathological type and
the same chemotherapy regimen would therefore be benefi-
cial to verify these findings.

NEOADJUVANT RADIOTHERAPY

Neoadjuvant radiotherapy is a topical treatment designed to
control tumor growth, or to reduce tumor volume and
increase R0 resection rate. Theoretically after radiotherapy it
will affect tissue blood supply, resulting in fibrous scar for-
mation and difficult dissection, and increased difficulties
during surgery, in particular with postoperative anastomosis
healing. However, clinical trial results have shown that pre-
operative radiotherapy does not increase difficulties during
surgery and perioperative mortality, and that survival time
is prolonged. A review of 200 cases of esophageal squamous
cell carcinoma by Nakayama et al.2 reported that the 4-year
survival rate of patients with upper thoracic esophageal can-
cer treated with neoadjuvant radiotherapy plus surgery was
31.8%, and the 5-year survival rate was 37.5%. The 4-year
survival rate of patients who underwent surgery only was
15.4% and the 5-year survival rate was 19.1%. In 2000,
Arnott et al.22 conducted a meta-analysis of preoperative
radiotherapy, which included five studies, with a total of
1147 patients, with a median follow-up of nine years. In a
group of patients with squamous cell carcinoma, the preop-
erative radiotherapy risk ratio (HR) was 0.89, the overall
mortality risk was reduced by 11%, the 2-year absolute sur-
vival benefit was 3%, and the 5-year absolute survival benefit
was 4%. This highlights that neoadjuvant radiotherapy is
safe, but that the long-term survival benefits are minimal.
Therefore, the improvement of R0 resection rate while pur-
suing long-term efficacy has become the focus of recent
studies. In addition, the MRC-OEO2 test shows the absolute
advantage of the 2-year survival rate of neoadjuvant chemo-
therapy after two years,15 and the sensitization of chemo-
therapy to radiotherapy. The role of preoperative
chemotherapy and preoperative radiotherapy has gradually
become the mainstream mode of multidisciplinary treat-
ment of esophageal cancer, with a decline in studies of pre-
operative radiotherapy alone.

NEOADJUVANT CHEMORADIATION

Preoperative chemotherapy or preoperative radiotherapy
have a certain degree of related side effects, especially blood
toxicity. The combination of the two appears to increase side
effects, leading to a decline in surgical safety. In a one-arm
study of 43 patients in 1990, Orringer et al.23 found that III–
IV� myelosuppression occurred in 93% of patients after neo-
adjuvant chemoradiotherapy, two of which were treatment-
related deaths. A similar study was also included in the ran-
domized controlled trial by Bosset et al.24 in 1997, which
found more deaths in the neoadjuvant chemoradiation
group and a significant difference compared with the direct
surgery group. However, more studies point to the safety
side of neoadjuvant chemoradiation. In 1994, Le Prise10

reported the results of a randomized controlled trial which
included 86 patients, confirming that neoadjuvant
chemoradiation does not increase the risk of postoperative
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death, but long-term survival benefits are small. Supporting
the results of the Le Prise study are the results of a random-
ized controlled trial by Apinop et al.11 in 1994 and the
meta-analysis of Urschel and Vasan25 in 2003. In 2007,
Gebski et al.17included eight randomized controlled trials of
neoadjuvant radiotherapy and conducted a meta-analysis.
The results not only confirmed the safety of neoadjuvant
chemotherapy and neoadjuvant chemoradiation, but further
proved that neoadjuvant therapy does not increase the risk
of perioperative death and causes it to decline. A total of
1724 patients were collected. The analysis showed that pre-
operative chemotherapy reduced the relative risk of death in
patients with esophageal cancer by 10% and increased the
2-year survival rate of patients with esophageal cancer by
7%. Preoperative chemoradiation could reduce the risk of
death in patients with esophageal cancer (HR = 0.81,
p = 0.002), reducing the relative risk of death by 19%, and
increasing the 2-year survival rate of patients with esopha-
geal cancer by 13%. Since then, neoadjuvant
chemoradiotherapy has become the standard model for
multidisciplinary treatment of esophageal cancer. More
research has focused on long-term survival and the combi-
nation of thoracoscopic minimally invasive esophageal can-
cer radicalization techniques.

Whether preoperative chemotherapy, preoperative radio-
therapy or preoperative chemoradiotherapy are used, the
improvement of long-term efficacy depends on the response of
patients to neoadjuvant therapy. That is, R0 resection rate and
pCR rate, both of which are independent risk factors for post-
operative prognosis of esophageal cancer.18 A one-arm study by
Stahl et al.26 showed that 90 patients underwent neoadjuvant
chemoradiation, 72 of whom underwent surgery, of which
44 had R0 resection and 16 had postoperative pCR. The 3-year
survival rate was 33% in the whole group, 42% in R0 resection,
and 68% in pCR, which strongly demonstrated the important
contribution of R0 resection and pCR to long-term survival
after neoadjuvant therapy. In patients with pCR, the survival
rate can therefore be doubled. From the perspective of tumor-
free survival, pCR is also very important. Studies have shown
that the 5-year DFS rate of preoperative chemoradiotherapy
pCR is significantly higher than non-pCR (62% vs. 31%).27 In
2010, Vallböhmer et al.28 retrospectively analyzed 229 cases of
esophageal cancer after neoadjuvant therapy, including
118 ADC, 118 SCC (284 neoadjuvant chemoradiation, 15 neo-
adjuvant chemotherapy). The 5-year survival rate was 55%,
disease-specific 5-year survival rate was 68%, recurrence rate
was 3.4% (n = 70), local recurrence rate was 3.3%, and distant
recurrence rate was 20.1%. Cox regression analysis determined
that age was the only independent predictor of survival, and
gender, histology, type of esophagectomy, type of neoadjuvant
therapy, and number of resected lymph nodes had no effect on
prognosis. It can be seen that the response rate after neo-
adjuvant chemoradiotherapy; that is, the effect of clinical imag-
ing on the atrophy of the lesion is a good indication for the
follow-up of surgery.

The safety of neoadjuvant radiotherapy and chemother-
apy has been affirmed, and R0 resection and pCR are

important targets for neoadjuvant therapy. However, not all
neoadjuvant treatments can achieve pCR. The pCR rate of
neoadjuvant chemotherapy has been reported to be 2.5%–
5.0%,15,25 and the pCR rate of neoadjuvant chemoradiation
to reach 20%–25%.27 The vast majority of patients still fail
to achieve pCR after neoadjuvant chemoradiotherapy.
Although long-term survival is inferior to pCR patients, this
group of patients can still obtain satisfactory distance sur-
vival effect from subsequent surgery compared with direct
surgery. As mentioned previously, in a meta-analysis by
Gebski et al.17 preoperative chemotherapy has been reported
to reduce the relative risk of death in patients with esopha-
geal cancer by 10% and increase the 2-year survival rate of
patients with esophageal cancer by 7%. Preoperative radio-
therapy and chemotherapy can reduce the risk of death in
patients with esophageal cancer by 19%, and increase the
2-year survival rate of patients with esophageal cancer by
13%. However, stratified analysis showed that preoperative
chemotherapy can only benefit patients with esophageal
adenocarcinoma. Preoperative radiotherapy and chemother-
apy can benefit patients with adenocarcinoma and squa-
mous cell carcinoma. Although the long-term survival
benefit of this meta-analysis is not as significant as the bene-
fit of pCR, a 2-year improvement in the 2-year survival rate
of neoadjuvant chemoradiation is also encouraging.

The epoch-making randomized controlled multicenter
trial of neoadjuvant chemoradiation for esophageal cancer
was reported in the 2008 CROSS study29 whereby neo-
adjuvant chemoradiotherapy in patients with potentially
curable esophageal cancer was compared with surgery alone,
with 175 patients in each group. The neoadjuvant
chemoradiation group received concurrent treatment for
more than five weeks (paclitaxel 50 mg/m2 and carboplatin
AUC 2 mg/ml/min infusion on days 1, 8, 15, 22 and 29).
The total external dose was 41.4 Gy, five times a week,
1.8 Gy each time, a total of 23 times. The study endpoints
were compared with median survival and quality of life (pre-
treatment, during and after treatment), pathological
response, progression-free survival, and number of R0 resec-
tions. The 2012 CROSS study30 reported preliminary results:
from 2004 to December 2008, a total of 368 patients were
enrolled, of which 366 were included in the analysis:
275 (75%) adenocarcinoma, 84 (23%) with squamous cell
carcinoma, and seven large cell undifferentiated carcinoma
(2%). Of the 366 patients, 178 patients were randomly
assigned to surgery after chemoradiotherapy, and
188 patients underwent surgery alone. The most common
hematological toxicity in the chemoradiotherapy-operative
group was leukopenia (6%) and neutropenia (2%); the most
common nonhematological toxicities were anorexia (5%)
and fatigue (3%). A total of 92% of patients in the
chemoradiotherapy group underwent complete resection, com-
pared with 69% in the surgical group (p < 0.001). Of the
161 patients who underwent chemoradiotherapy, 47 (29%)
had pCR. Postoperative complications were similar in both
groups, with a hospital mortality rate of 4%. The median OS of
the chemoradiotherapy-operative group was 49.4 months,
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compared with 24.0 months in the surgical group. The OS rate
of the chemoradiotherapy-operative group was significantly
improved (HR = 0.657, p = 0.003). In the 2015 CROSS study3

after a median of 45 months of follow-up, a total of 366 patients
were analyzed (178 in the neoadjuvant chemoradiation group
and 188 in the surgery alone group). The median survival of the
neoadjuvant chemoradiation group and the surgery alone group
was 48.6 months and 24.0 months, respectively (p = 0.003).
The stratified analysis showed that in the squamous cell carci-
noma group, the median survival time of patients with neo-
adjuvant chemoradiation plus surgery was 81.6 months, and
that of the surgery alone group was 21.1 months (p = 0.008).
The median survival of patients with neoadjuvant
chemoradiotherapy plus surgery in the adenocarcinoma group
was 43.2 months, compared with 27.1 months in the surgery
alone group (p = 0.038). Long-term follow-up in the CROSS
study confirmed a significant benefit in the OS of neoadjuvant
chemoradiotherapy in patients with resectable esophageal or
esophagogastric junctional cancer. This benefit has clinical
implications for both squamous and adenocarcinoma subtypes.

SELECTION OF CHEMOTHERAPY
REGIMENS IN NEOADJUVANT
CHEMOTHERAPY/NEOADJUVANT
CHEMORADIATION

After the 1990s, a new generation of chemotherapy drugs
such as paclitaxel, docetaxel, and rituximab have been used
in neoadjuvant radiotherapy and chemotherapy for esopha-
geal cancer. The meta-analysis of Thirion et al.31 in 2008
suggested that there was no difference in histology, perfor-
mance status, age, or treatment regimen, both in cumulative
and tumor-free survival. However, in 2015, Huang et al.32

published a systematic review which specifically outlined the
chemotherapy regimens in the neoadjuvant treatment of
esophageal cancer. Based on the OS rate, the efficacy of pac-
litaxel plus platinum and platinum plus 5-fluorouracil was
compared. The review concluded that neoadjuvant
chemoradiotherapy with paclitaxel plus platinum was a bet-
ter treatment for locally advanced esophageal cancer than
platinum plus 5-FU, especially in patients with squamous
cell carcinoma. However, esophageal cancer site, patient age,
pathological type, radiotherapy plan, surgical procedure,
dose of chemotherapy, number of chemotherapy cycles,
neoadjuvant therapy and surgery interval, etc will have an
impact on the evaluation of the efficacy of neoadjuvant che-
motherapy. A large randomized controlled trial is needed
for confirmation of these findings.

NEOADJUVANT CHEMORADIOTHERAPY
COMBINED WITH NEOADJUVANT
IMMUNOTHERAPY

Although neoadjuvant chemoradiotherapy has brought
more significant long-term survival benefits for locally

advanced esophageal cancer patients, the increased difficulty
of surgery caused by neoadjuvant chemoradiotherapy and
the poor prognosis of non-PCR patients still urge us to sea-
rch for better neoadjuvant regimens.

Programmed death factor receptor-1 (PD-1), discovered
in 1992, is a negative regulatory immune checkpoint
expressed in T, B, and NK cells and consists of two ligands:
PD-L1 and PD-L2 that combine to suppress the local
immune response.33–35 Immune checkpoint inhibitors
(ICIs), including PD-1, PD-L1 and CTLA-4, are monoclonal
antibodies that exert antitumor effects by blocking the nega-
tive immune regulation of immune checkpoints and
enhance the body’s antitumor immunity. Immunotherapy
has enabled new breakthroughs in various tumor species,
among which a large number of clinical studies on immune
checkpoint inhibitors have been conducted in esophageal
cancer and positive results have been achieved. For patients
with resectable locally advanced esophageal cancer, immu-
notherapy has shown better results than that of chemother-
apy in esophageal cancer second-line treatment effect in
overcoming the problem of how to improve the R0 re-
section rate, reduce the rate of recurrence and prolong over-
all survival. The addition of immunotherapy to neoadjuvant
therapy regimens for esophageal cancer may also yield an
OS benefit.

Pembrolizumab, developed by Merck, was the first PD-1
inhibitor and approved by the FDA in 2014 to treat
advanced or unresectable melanoma. In 2019, ASCO
reported the preliminary results of a phase II study of
pembrolizumab combined with neoadjuvant chemoradiotherapy
(paclitaxel + carboplatin) in patients with resectable esophageal
squamous cell carcinoma.33–35 A total of 28 patients with locally
advanced esophageal squamous cell carcinoma underwent neo-
adjuvant therapy, of which 26 underwent surgery. Among the
26 patients, two patients died in hospital after surgery as a result
of acute lung injury. Among the patients who underwent surgi-
cal resection, the pathological complete response (pCR) rate
reached 46.1%, and the OS rate at six and 12 months was 89.3%
and 82.1%, respectively. In addition, the study confirmed that
combination therapy did not increase the toxic side effects asso-
ciated with chemoradiotherapy and immunotherapy.36

Nivolumab is a fully humanized IgG4 monoclonal anti-
body against PD-1 developed by Bristol-Myers Squibb,
which has a high affinity for PD-1 and can inhibit the bind-
ing of PD-L1 / PD-L2 and PD-1.37 In 2019, ASCO GI
reported the results of a pretrial of nivolumab combined
with neoadjuvant chemoradiotherapy.38 In this study, a total
of 16 patients with stage II and III esophageal or gastro-
esophageal junction cancer were enrolled, with two cases of
ESCC. Nivolumab 240 mg was first given for two cycles
of induction, followed by sequential nivolumab combined
with chemoradiotherapy. Carboplatin combined with pacli-
taxel was selected as the chemotherapy regimen. Among the
16 patients in the pre-experiment, five cases were in patho-
logical complete response, nine cases achieved pathological
“decline stage,” and 15 cases underwent surgical re-
section with R0 margins. The results showed that nivolumab
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combined with chemoradiotherapy is a safe and feasible
neoadjuvant therapy for stage II and III esophageal or gas-
troesophageal junction cancer after induction therapy.

PD-L1 is the ligand of PD-1 mAb. Currently, the three
types of PD-L1 mAb approved by the FDA are durvalumab,
atezolizumab and avelumab. Research data on PD-L1 in
esophageal cancer are limited, and a number of clinical stud-
ies are currently underway. The safety and efficacy of neo-
adjuvant chemoradiotherapy combined with avelumab in
resectable esophageal cancer and gastroesophageal junction
tumors was reported in the 2019 ASCO Conference.39 No
grade ≥3 adverse events were observed in the six patients
enrolled in this study, of which five patients achieved R0 re-
section and two patients achieved pathological complete
response. No additional surgical complications occurred. It
has good tolerability and a favorable safety profile. However,
this study was a stage I/II randomized clinical study with a
small sample size. The efficacy of neoadjuvant
chemoradiotherapy combined with avelumab in resectable
esophageal cancer and gastroesophageal junction tumors
should be confirmed with a larger sample size.

A phase II trial of atezolizumab, a PD-L1 inhibitor, in
combination with neoadjuvant chemoradiotherapy has also
been reported by ASCO in 2019.40 A total of 39 patients
were enrolled into this study, of which 24 completed all neo-
adjuvant therapy. The results revealed that 39% of patients
achieved PCR, higher than 23% in the CROSS study,3 and
treatment-related adverse reactions were manageable.

At present, immunotherapy has been advanced from
the back line of advanced esophageal cancer to the first-,
and second-line, and even the perioperative treatment of
locally advanced esophageal cancer. In the immunotherapy
regimen, scholars have explored the use of single drugs to
combination drugs. However, some key immunotherapy
questions remain unanswered such as how to comprehen-
sively evaluate the immune status of patients and deter-
mine the biomarkers which predict the efficacy of
immunotherapy, and how to determine the dose, intensity
and duration of chemoradiotherapy when immunotherapy
is combined with chemoradiotherapy. Also, how to manage
the toxicity of immunotherapy and so on. Therefore, more
phase III clinical trials and more convincing research
results are urgently required to establish a new treatment
model for esophageal cancer patients to provide new hope
for more patients.
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