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Abstract: Esophageal cancer is a highly aggressive and deadly disease, ranking as the sixth leading
cause of cancer-related deaths worldwide. Despite advances in treatment, the prognosis remains
poor. A multidisciplinary approach is crucial for achieving complete remission, with treatment
options varying based on disease stage. Surgical intervention and endoscopic treatment are used for
localized cancer, while systemic treatments like chemoradiotherapy and targeted drug therapy play a
crucial role. Molecular markers such as HER2 and EGFR can be targeted with drugs like trastuzumab
and cetuximab, and immunotherapy drugs like pembrolizumab and nivolumab show promise by
targeting immune checkpoint proteins. Epigenetic modifications offer new avenues for targeted
therapy. Treatment selection depends on factors like stage, tumor location, and patient health, with
post-operative and rehabilitation care being essential. Early diagnosis, appropriate treatment, and
supportive care are key to improving outcomes. Continued research is needed to develop effective
targeted drugs with minimal side effects. This review serves as a valuable resource for clinicians and
researchers dedicated to enhancing esophageal cancer treatment outcomes.

Keywords: esophageal cancer; multidisciplinary approach; prognosis; molecular markers; targeted
ttherapy

1. Introduction

Esophageal cancer (EC) is defined by an uncontrolled growth of tissues in the muscular
hollow channel separating the throat from the stomach known as the esophageal wall.
Esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) are
the two primary histological forms [1]. While EAC develops from glandular cells and
mostly affects the lower esophagus, ESCC begins in the squamous epithelial cells lining the
esophagus and primarily affects the upper and middle portions. Esophageal cancer is the
seventh most prevalent cancer in terms of incidence and the sixth most common cause of
cancer-related deaths globally [2]. According to recent studies, 90% of EC cases globally
are caused by ESCC, which is particularly common in areas referred to as the “EC belt”,
encompassing sections of China, Iran, and central Asian republics [3]. On the other hand,
EAC is more commonly observed in Western industrialized countries [4].

The risk factors for EAC include gastroesophageal reflux disease (GERD) and obesity,
which is associated with the development or exacerbation of GERD [5]. Barrett’s esophagus
(BE), a condition in which the lining of the lower esophagus undergoes changes (metapla-
sia), is a strong risk factor for EAC [6]. In contrast, the main known risk factors for ESCC
include tobacco smoking, alcohol consumption, consumption of pickled vegetables, hot
food and beverages, and poor nutrition [7]. The primary treatment for EC is esophagec-
tomy, or surgical removal of the esophagus. However, it is associated with significant
mortality and morbidity rates, and many instances are detected at advanced stages, where
surgery alone may not be sufficient [8]. According to recent studies, EGFR may be used as
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a therapeutic target for EC [9]. Several medicines that hinder EGFR signaling have been
developed, providing viable therapeutic options for EC. Biological medicines that target
EGFR are being developed as new anticancer treatments [10]. Recently, most clinicians
would recommend radical esophagectomy as the preferred treatment. Chemoradiation
(CRT) is an alternative treatment, particularly for those who are unable to undergo surgery.
In addition, the National Comprehensive Cancer Network recommendations propose
ramucirumab, a VEGFR-2 antibody, in combination with paclitaxel, docetaxel, or irinote-
can as a second-line treatment for unresectable or metastatic cancer. Interestingly, the
KEYNOTE-590 trial will investigate the potential benefit of adding pembrolizumab to 5-FU
plus cisplatin in patients with unresectable or metastatic EC [11]. In such circumstances,
a multidisciplinary strategy combining surgical and non-surgical treatments is used to
establish a cure. Endoscopic treatment is an option for mucosal cancer, but surgery is
often suggested for resectable invasive tumors. Finding authorized medications that can be
repositioned to treat EC patients is more time- and cost-effective than developing new ones
for the treatment of different conditions [12]. Radiation therapy, chemotherapy, targeted
medication therapy, and immunotherapy are also suggested depending on the stage and
severity of the malignancy [8].

This review aims to provide readers with a comprehensive understanding of the
therapeutic approaches employed in the management of EC. By examining these treatment
options, we hope to contribute to the knowledge and understanding of this disease and its
potential treatment strategies.

2. Local Treatment
2.1. Surgical Interventions

Squamous cell carcinoma (SCC) and adenocarcinoma (AC) are the two most common
types of EC. Surgery has typically been the primary treatment for localized SCC and AC
of the esophagus, particularly in those with early-stage illness. Surgery is essential in
the treatment of resectable EC, particularly adenocarcinoma. Over the last three decades,
advances in surgical techniques and radiation procedures have greatly improved clinical
outcomes. Despite these major advances, survival rates with surgery alone for locally
advanced EC remain low, with a median 5-year overall survival (OS) of only 20% [13].
For the treatment of EC, surgery is still the most effective single-modality therapy. The
increased risk of relapse after esophagectomy has motivated researchers to look into
multidisciplinary treatment options such as concurrent chemoradiotherapy (CCRT) with
or without surgery [14]. However, the best treatment option for EC is still up for debate.
Much research evaluating the curative potential of CCRT has cast doubt on the notion that
surgery is an unavoidable aspect of curative therapy in the last decade [15].

It is feasible to have surgery to remove EC if it is discovered early and has not spread.
The most common treatment for EC is surgery, although the extent of surgery varies greatly
from patient to patient [16]. To diagnose remaining cancer cells after surgery, surgical
treatment may be complemented with additional modalities such as chemotherapy and
radiation therapy. To eradicate cancer cells, the procedure of surgery can be performed
alone or along with other treatments.

The surgical approach involves the removal of a portion of the stomach, the segment
of the esophagus affected by cancer, and approximately 3 to 4 inches (about 7.6 to 10 cm) of
healthy esophagus above it if the cancer is located in the lower part of the esophagus, close
to the stomach, or at the gastroesophageal (GE) junction where the esophagus and stomach
meet. Afterward, the remaining esophagus is connected to the stomach either high in the
chest or in the neck [17].

If the cancer is small, confined to the superficial layers of the esophagus, and has
not spread, it can be removed along with the surrounding healthy tissue. This surgical
procedure can be performed using an endoscope, which is inserted through the throat and
into the esophagus.
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2.1.1. Esophagectomy

For individuals without invasion of surrounding organs or distant metastasis, esophagec-
tomy is considered one of the most effective treatments. Esophagectomy involves the
partial or total removal of the esophagus. Surgery may be used to remove the esophagus
and any nearby lymph nodes in order to treat the cancer if it has not spread significantly
beyond the esophagus [18]. Unfortunately, in most cases, esophageal malignancies are
not detected early enough for surgery to be successful. The three most commonly used
techniques for thoracic EC are the transhiatal method, Ivor Lewis esophagectomy (right tho-
racotomy and laparotomy), and the McKeown procedure (right thoracotomy followed by
laparotomy and neck incision with cervical anastomosis) [19]. It is worth mentioning that
certain studies have shown that patients who undergo whole-piece esophagectomy have
significantly higher survival rates compared to those who undergo transhiatal esophagec-
tomy. This suggests that when the tumor is located in the lower esophagus or the cardia,
whole-piece esophagectomy is preferred over transhiatal esophagectomy. The choice of
surgical approaches and treatment strategies may vary based on the size and location of
the tumor [20].

Esophagectomy can be performed using various methods. Regardless of the technique
employed, esophagectomy is a complex procedure that often requires a prolonged hospital
stay. It is crucial to have experienced professionals with extensive expertise in treating
esophageal tumors and performing these operations [21].

2.1.2. Types of Esophagectomy
Open Esophagectomy

The traditional open technique for esophagectomy entails creating one or more signifi-
cant incisions (cuts) in the neck, chest, or abdomen. The neck and abdomen are where the
initial incisions are made during a transhiatal esophagectomy. A transthoracic esophagec-
tomy, on the other hand, necessitates major incisions in the chest and abdomen [22]. In
some treatments, the incisions are made in the neck portion as well as in the chest and in
the abdomen.

Minimally Invasive Esophagectomy

Minimally invasive esophagectomy (MIE), which incorporates several surgical meth-
ods aimed at minimizing surgical stress, includes thoracoscopic/laparoscopic esophagec-
tomy. Nowadays, MIE procedures include thoracoscopy/laparotomy, mediastinoscopy/
laparoscopy, mediastinoscopy/laparotomy, and robot-assisted surgery with minimal in-
cisions (RAMIE) [23,24]. With developments in endoscopic equipment and technology,
surgically performed esophagectomy has grown in popularity [25]. For some early ma-
lignancies, multiple small incisions rather than one large one can be used to remove the
esophagus. A laparoscope, a small, flexible tube with a light, is inserted through one of
the incisions during surgery to provide visual guidance. Subsequently, surgical instru-
ments are introduced through additional small incisions, allowing for precise removal of
the esophagus [26]. To achieve successful outcomes with this treatment approach, it is
crucial for the surgeon to possess exceptional skill and extensive experience in performing
esophageal removal using minimally invasive techniques [27].

The findings indicate that both minimally invasive and open esophagectomy have sim-
ilar effects on achieving radical tumor treatment [28]. Minimally invasive esophagectomy
has demonstrated benefits in reducing intraoperative blood loss, postoperative hospi-
tal stays, pain, as well as the risk of pulmonary infection and vocal cord paralysis [29].
Therefore, it deserves clinical promotion and widespread application [30].

Lymph Node Removal/Dissection

Lymph nodes surrounding the esophagus are also removed during this form of
esophagectomy. According to a study, a minimum of 15 lymph nodes are usually ex-
cised during surgical procedures [31]. The prognosis is less favorable if cancer has spread to
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the lymph nodes, and the physician might advise additional treatments like chemotherapy
or radiation therapy after the procedure.

Resection

Surgical resection has been the mainstay treatment for localized EC for several decades.
Transhiatal esophagectomy and transthoracic techniques, such as Ivor Lewis esophagec-
tomy (abdominal and right thoracic route, also known as Lewis–Tanner esophagectomy),
are surgical options for resecting esophageal carcinoma [32].

Another method is the three-incision modified McKeown esophagectomy [33], which
entails a laparotomy, right thoracotomy, and neck anastomosis, or a left thoracotomy or
left thoracoabdominal approach [34]. The surgical procedure chosen is determined by the
location of the tumor and the physician’s discretion. All of these surgeries are complicated,
and treatment at high-volume clinics with experienced surgeons and critical assistance
with care has been linked to better results [35].

Risks and Complications of Esophagectomy

As with any surgery, there are risks associated with esophageal surgery. Anesthesia
reactions, blood clots in the lungs or other areas, infections, and excessive bleeding are
examples of short-term complications [36]. After surgery, the majority of people will
experience some pain, which can typically be controlled with painkillers. Lung issues are
quite common, and the possibility of developing pneumonia can result in a lengthy hospital
stay and, in extreme cases, even death. Some individuals may experience changes in their
voice following the surgery [37]. There is a chance of a leak forming at the point where
the stomach (or intestine) connects to the esophagus, which could necessitate additional
surgery to fix. However, due to advancements in surgical techniques, this occurrence is now
less common. Some patients may experience swallowing issues due to strictures, which are
narrowing conditions that can develop where the esophagus is surgically connected to the
stomach [38]. These strictures can be addressed through an upper endoscopy procedure
to alleviate the symptom. Surgery can sometimes damage the nerves responsible for
stomach contraction, resulting in delayed gastric emptying, leading to regular nausea
and vomiting [39]. Additionally, because the ring-shaped muscle (the lower esophageal
sphincter) that normally keeps bile and stomach contents within the stomach may be
removed or modified during surgery, there is a risk of bile and stomach contents flowing
back into the esophagus, resulting in symptoms like heartburn. Antacids and motility
medications can sometimes help manage these symptoms, but this surgery’s complications
can sometimes be fatal [40,41].

3. Treatments

Various treatments are available for managing esophageal obstruction and difficulty
swallowing (dysphagia):

If the esophagus has been narrowed due to EC, the surgeon may opt to place a
metal tube (stent) to keep the esophagus open. This procedure is performed using an
endoscope and specialized tools. Other treatment options include surgery, radiation therapy,
chemotherapy, laser therapy, and photodynamic therapy. In cases where swallowing
difficulties persist after surgery, a feeding tube may be utilized. This tube allows for direct
delivery of nutrition into the stomach or small intestine, enabling the esophagus to heal
following cancer treatment [42].

3.1. Esophagogastrectomy

During an esophagogastrectomy, a significant portion of the stomach, as well as
the esophagus and adjacent lymph nodes, is removed. The surgical procedure involves
removing a portion of the stomach, the cancerous part of the esophagus, and roughly 3 to
4 inches (about 7.6 to 10 cm) of normal esophageal tissue above the tumor if the cancer is
in the lower part of the esophagus close to the stomach or at the gastroesophageal (GE)
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junction [43]. The rest part of the stomach is then raised and reattached to the esophagus.
In some cases, a segment of the colon may be utilized for the connection [44].

Esophagectomy is a complex surgical treatment associated with significant rates of
morbidity, mortality, and recurrence. The eligibility of a patient for surgical resection
depends heavily on the extent of the disease and the patient’s overall health. Accurate
clinical staging plays a crucial role in determining the initial treatment plan for EC [45].
This includes a thorough clinical examination and computed tomography (CT) scans of the
neck, chest, and abdomen for proper staging. Endoscopic ultrasound (EUS) and 18F fluo-
rodeoxyglucose positron emission tomography-CT (PET-CT) should also be employed to
assess the presence of lymphatic or distant metastatic disease in individuals with advanced
malignancies who are potential candidates for surgical resection. Subsequently, a multidis-
ciplinary team should determine the most appropriate treatment for each patient, taking
into account factors such as tumor stage, location, histological subtype, comorbidities, and
age [46].

3.2. Endoscopic Treatment

Endoscopic resection or endoscopic treatment can be used to treat early EC (EEC) that
is limited to the mucosa layer and has not spread to lymph nodes (LNM) [47]. Early EC
refers to tumors confined to the mucosa or submucosa without lymphatic dissemination or
distant metastases. Advancements in endoscopic technology have increased the detection
rate of early EC, with 31% of patients being diagnosed at an early stage [48]. Besides
detection, endoscopic options have also been utilized for the treatment of an increasing
number of early esophageal lesions.

Endoscopic resection (ER) is appropriate for lesions that are limited to the lamina
propria or muscularis mucosae. On the other hand, due to the increased risk of lymph
node metastases, patients with lymphovascular invasion of the submucosa or muscularis
mucosae are not candidates for ER [49]. Endoscopic ablation (radiofrequency ablation,
cryoablation, and photodynamic therapy), endoscopic mucosal resection, and endoscopic
submucosal dissection are all options for endoscopic resection. Patients may not be eligible
for ER if they have certain conditions, including large lesions (greater than 2 cm in size),
Barrett’s esophagus, and other esophageal conditions like varices [50]. Patients who are
suited for ER need constant supervision for an extended period of time [51]. Esophagec-
tomy may be recommended for patients who are unsuited for ER but are fit medically,
while chemotherapy and radiation therapy may be considered for those who are unable
to undergo surgery. Even though new research indicates that endoscopic therapy may be
a secure substitute for patients with “high-risk” early EC (EEC), esophagectomy is still
the advisable treatment for these individuals. In early EC, endoscopy therapy provides
viable alternatives to traditional esophagectomy while causing significantly fewer compli-
cations. Endoscopic diagnosis and treatment represent the future trend in EC management,
facilitated by advancements in endoscopic techniques.

When a patient is referred for endoscopic therapy of early EC, the tumor’s stage and
characteristics must first be determined. This is accomplished through a combination of
endoscopic examinations and possibly other tumor progression modalities. Before making
decisions regarding endoscopic therapy, a thorough examination of the lesion with the
assistance of white-light endoscopy is essential. It is necessary to cleanse the esophagus
to remove any liquids, food, or debris, followed by a comprehensive examination of the
affected areas using white-light endoscopy. According to recent research, high-definition
endoscopy surpasses standard-definition endoscopy in assessing mucosal changes in
patients with Barrett’s esophagus [52]. While white-light endoscopy remains the best
method for assessing resectability, previous studies have explored additional approaches.
One such approach is endoscopic ultrasound (EUS), which enables clinicians to determine
the depth of the lesion and identify potential locoregional lymph nodes [53].

Curative therapy and palliative therapy are the two general categories of endoscopic
management for EC [54]. Curative therapy is typically used for early ECs that are restricted
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to mucosa and do not involve lymph nodes. When curative therapy is no longer feasible due
to disease progression, the focus shifts to palliative care aimed at symptom improvement,
particularly dysphagia. Endoscopic management in palliative care entails esophageal stent
implantation, debulking, and dilatation [55].

3.2.1. Endoscopic Resection (ER)

Endoscopic Resection (ER) is the primary method for endoscopic management of early
EC. For cases of high-grade dysplasia (HGD) and early EC, various Endoscopic Resection
methods have been developed. Endoscopic Mucosal Resection (EMR) or Endoscopic Sub-
mucosal Dissection (ESD) are two methods for performing ER [56]. Both adenocarcinomas
and squamous cell carcinomas (SCCs) can be treated with ER. According to the TNM
staging of tumors (Table 1), the spectrum of conditions in which ER can be conducted in
patients with adenocarcinoma often encompasses premalignant low-grade dysplasia in a
patient with Barrett’s esophagus (BE) up to, in rare situations, stage T1b adenocarcinoma.
SCCs in patients with early EC staged as T1 or intramucosal can be treated with ER.

Table 1. TNM status and histologic grade definitions for EC depicted in 7th edition of American Joint
Committee on Cancer (AJCC) Cancer Staging Manual.

T status

Tis High-grade dysplasia

T1 Invasion into the lamina propria, muscularis mucosae, or submucosa

T2 Invasion into muscularis propria

T3 Invasion into adventitia

T4a Invades resectable adjacent structures (pleura, pericardium, and diaphragm)

T4b Invades unresectable adjacent structures (aorta, vertebral body, tracheae)

N status

N0 No regional lymph node metastases

N1 1 to 2 positive regional lymph nodes

N2 3 to 6 positive regional lymph nodes

N3 7 or more positive regional lymph nodes

M status

M0 No distant metastases

M1 Distant metastases

Histologic grade

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated

Currently used EMR methods typically allow for one-piece resection of lesions ranging
from 15 to 20 mm. En bloc resection of larger mucosal lesions is possible with ESD.
The choice between these methods is determined by the endoscopic equipment and the
experience of the specialists. ESD is a promising alternative to EMR for the treatment of
HGD and early-stage EC because it allows for endoscopic en bloc excision of lesions larger
than 2 cm in diameter.

Several EMR techniques for endoscopic resection can be categorized on the basis of
using a suction device or not. EMR is normally carried out using either the ligation- or
cap-assisted technique. The cap-assisted technique involves affixing a specially created
transparent plastic cap to the end of an endoscope, as first reported by Inoue and Endo [57].
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The cap-assisted approach, commonly known as the “suck and cut” method, involves
sucking the mucosa into a cap-fitted endoscope and then cutting the mucosa with a snare.
Before suctioning, the snare is often opened as part of a pre-assembled kit. An alternative
is to use a ligation device, which acts on the same “suck and cut” principles as the cap-
assisted technique. This is the most often used approach in the United States. In the
ligation-assisted technique, an instrument resembling a variceal band ligator is attached
to the upper endoscope, and the mucosa is suctioned before a band is wrapped around
it. Afterward, a snare is passed, and the band-supported mucosa is removed. Recent
developments include the ability to advance a snare through the working channel of a
standard endoscope, along with updated ligation cylinders equipped with multiple rubber
bands, enabling endoscopists to perform multiple resections without the need to remove
and reintroduce the endoscope [58]. Only small tumors smaller than 20 mm in diameter
can be removed and blocked with tumor-free lateral margins, which appears to be the
technique’s principal drawback.

Evidence contrasting the two EMR approaches shows that they are, on the whole,
comparable. The ligation-assisted method was faster with smaller resection specimens than
the cap-assisted method, according to a randomized controlled experiment comparing the
two procedures. However, the maximal thickness and adverse event rate of the resection
specimens produced by both procedures were similar [59].

The ESD procedure involves dissecting the submucosal layer beneath the carcinoma
using an electronic knife to obtain a large resection specimen with the neoplasm resected
en bloc. This process involves three steps. First, the tumor is marked with electrocautery,
then it is raised by injecting a saline solution beneath it, and finally, it is excised with an
electrocautery knife. With the more current ESD approach, the targeted tissue is removed
in one piece after carefully dissecting the submucosal lesions [60]. The drawback is that it
takes longer and necessitates a deeper resection, which could enhance adverse effects even
if it offers an en bloc specimen and can reveal information regarding resection margins [61].
While ESD had higher rates of curative resection and lower local recurrence rates than EMR,
these advantages were outweighed by longer procedures and higher rates of bleeding
and perforation according to a systematic review and meta-analysis comparing the two
techniques [62]. Compared to EMR, some studies show that ESD may be linked to a higher
risk of strictures and esophageal perforation [63].

In case of squamous cell carcinoma (SCC), ESD has shown superior outcomes in
contrast to the EMR. According to the study’s findings, if the diagnosis is SCC, EMR is
typically thought to be suitable for minor lesions (10 mm or smaller); however, it is ideal
for patients with bigger lesions to have ESD [64]. For the excision of Barrett’s esophagus
(BE) or early esophageal adenocarcinomas, current standards recommend EMR unless the
lesions are larger than fifteen mm, do not lift well, or are at risk for submucosal invasion.
In such cases, ESD should be performed. While EMR is suitable for smaller lesions, current
guidelines typically advise ESD for individuals with squamous cell carcinoma (SCC) [65].

3.2.2. Advances in Endoscopic Therapy

Endoscopic therapy has become a viable option for individuals with neoplasia or early
EC due to the low rates of lymphatic or hematogenous spread and the difficulties associated
with esophagectomy. These treatments can be divided into two groups depending on
whether they are used alone or in conjunction with other methods: ablative and non-
ablative [66].

The use of ablative therapy is typically limited to flat lesions. Radiofrequency ablation
(RFA) is the most popular type of ablative therapy. Cryoablation and photodynamic therapy
(PDT) are other less popular techniques. Ablative therapy’s main goal is to eliminate any
precancerous or malignant tissue that may still be present in order to stop recurrence.
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3.3. Radiofrequency Ablation (RFA)

Radiofrequency ablation (RFA) is the application of thermal energy directly to the
esophageal mucosa. It generates thermal energy by using radiofrequency waves to destroy
tissue. This can be performed with an endoscope-mounted device for more focused ablation
or a circumferential ablation catheter. The delivered energy ensures uniform treatment to a
depth of approximately 500 µm. As a consequence, the risk of stenosis is decreased because
the treatment does not penetrate the submucosal layer [67].

RFA is typically advised for patients with intra-mucosal cancer, dysplasia, or non-
nodular lesions, according to current recommendations. In patients who have undergone
endoscopic resection (ER), it should be performed to treat any remaining Barrett’s esopha-
gus (BE). RFA’s effectiveness in treating patients with BE or adenocarcinoma has grown,
but its application to the treatment of squamous cell carcinoma (SCC) is still being explored.
Recent research on early SCC has yielded encouraging results, with high rates of total
eradication and low recurrence rates [68]. RFA is typically the most popular technique, and
there is growing evidence to support its usefulness as well as a solid safety track record.

3.4. Photodynamic Therapy

PDT is an ablative procedure that causes mucosal destruction by activating a photo-
sensitizer drug with laser light. PDT has been shown to be effective in the treatment of both
esophageal adenocarcinomas and SCC [69]. PDT has received the most research attention
of any ablative technique developed for the treatment of dysplasia and early EC. Intra-
venously or orally, a photosensitizing agent that is selectively absorbed by fast-growing
cells, such as cancer cells, is administered. The photosensitizer is activated by applying
an endoscopic laser directly to the malignant tumor [70]. But its serious side effects such
as prolonged cutaneous photosensitivity, stricture formation, and recurrence have limited
its use.

3.5. Cryotherapy/Cryoablation

Cryoablation has been considered for the treatment of pre-malignant and malignant
esophageal problems [71]. Application of liquid nitrogen therapy is most frequently used.
Using an open-tipped catheter, freezing carbon dioxide or liquid nitrogen is sprayed directly
onto the tumor [72]. The targeted tissue is “frozen” and then thawed. This “freeze and
thaw” cycle is repeated until the lesion is destroyed [73].

Endoscopic therapy is essential for treating both pre-malignant alterations and early-
stage EC patients who have a low risk of lymph node metastases. Endoscopic technology’s
rapid advancement has improved current diagnostic and therapeutic capabilities for early
EC. Endoscopic therapy has a lower morbidity and mortality rate than surgery, as well as
equal rates of cure, rates of survival during five years, and a higher standard of living. In
particular, post-operative complications from the treatment of EC can be managed with it.
These fantastic outcomes are limited by the requirement for many treatments to achieve total
eradication and the possibility of recurrences after eradication. Treatment success depends
on patient compliance and careful patient selection using a multidisciplinary approach.

4. Systemic Treatment
4.1. Chemo-Radiotherapy for Esophageal Cancer

Chemotherapy (chemo) is a treatment that involves the administration of anti-cancer
medications via injection or oral administration. The drugs travel through the bloodstream
and reach cancer cells throughout the body. Chemotherapy rarely cures EC on its own, so it
is frequently combined with radiation therapy, a treatment known as chemo-radiation [74].
Treatment options are determined by a variety of factors, including the type and stage of
cancer, probable side effects, and the patient’s preferences and overall health.

For tumors that have not spread beyond the esophagus and lymph nodes, combining
multiple treatment methods is often prescribed. Chemotherapy, radiation therapy, and
surgery are all options [75]. For squamous cell cancer, chemoradiotherapy is commonly
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recommended as the initial treatment. Chemotherapy before surgery can benefit EC
treatment in several ways. It can reduce the chances of cancer recurrence after tumor
removal and shrink the tumor, making it easier to completely remove [76].

Patients with cT4b, significant lymph node metastases, or those who cannot undergo
surgery are among the patients who should receive chemotherapy. When compared to
surgery, it has been shown to be well-tolerated and effective. Chemoradiotherapy using
docetaxel and cisplatin improved patients’ median overall survival time to 23 months in a
phase II trial [77]. For patients with unresectable EC (such as cancer in the upper third of
the esophagus) and who are unable or ineligible for surgery, definitive chemoradiotherapy
is the preferred treatment [78]. In terms of local tumor control, distant metastasis, and
survival in patients with EC, concurrent chemoradiotherapy is superior to radiotherapy
alone, but it is associated with more side effects [79].

In terms of definitive chemoradiotherapy, paclitaxel has been commonly used. Various
combinations of radiation therapy and chemotherapy have been investigated. Neoad-
juvant chemoradiotherapy (CRT) involves administering chemotherapy and radiation
before surgery. Another treatment option is concurrent chemoradiotherapy (CCRT), where
patients receive chemotherapy and radiotherapy simultaneously without undergoing
surgery [80]. The Radiation Therapy Oncology Group (RTOG) conducted the RTOG 85-01
trial, which found that CCRT had the best results [81].

4.2. Radiation Technique
4.2.1. Intensity-Modulated Radiotherapy (IMRT)

IMRT—In the neoadjuvant context, an appropriate radiation dose of 41.4–45 Gy is
recommended [82]. Highly conformal treatment techniques, such as intensity-modulated
radiotherapy (IMRT) or volumetric arc therapy (VMAT), have become the standard of care
for treating EC. These techniques enable higher treatment doses while ensuring maximum
organ protection, thereby reducing treatment-related side effects [83].

4.2.2. Intensity-Modulated Radiotherapy

Three-dimensional conformal radiotherapy (3DCRT) is typically used to treat EC.
However, compared to 3DCRT, IMRT with inverse planning provides a more accurate dose
distribution to the target and sharper dose gradients around the target edges. With IMRT, a
higher dose can be delivered to the target volume while sparing nearby healthy tissues [84].
Because EC is so close to the lungs and mediastinum, radiation can affect these organs,
causing acute toxicities like radiation pneumonitis and late toxicities like cardiac events,
pulmonary fibrosis, or radiation-related deaths.

4.2.3. Volumetric Modulated Arc Radiotherapy (VMAT)

VMAT is an advanced technique that overcomes some of the disadvantages of IMRT.
It reduces the number of monitor units (MU) and shortens the treatment time compared to
IMRT [85]. VMAT can spare the lungs from intermediate-dose irradiation (V20, V30), but it
may increase the volume of low-dose irradiation (V5, V10) [86].

4.2.4. Proton Beam Therapy (PBT)

PBT is another radiation therapy option. PBT has the advantage of the Bragg peak,
which allows for a significant reduction in radiation dosage to the surrounding normal
tissues. Compared to IMRT, PBT reduces exposure to various volumes of the heart and
lungs, particularly in cardiac parameters, indicating a lower risk of cardiac damage. This
suggests that PBT could become one of the primary treatment methods for EC.

4.3. Targeted Drug Therapy for EC

EC is increasingly prevalent worldwide, with most cases being diagnosed at an ad-
vanced stage and having low survival rates despite current treatments. Chemotherapy
has remained the primary treatment for EC for the past few decades without significant
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advancements. Consequently, there is a critical need for new treatment options and ap-
proaches to improve outcomes. Targeted therapies have gained prominence due to the
discovery of new biomarkers specific to EC [87]. These therapies focus on the genes, pro-
teins, or tissue environment that contributes to cancer growth and survival [88]. By using
drugs that target specific molecules, such as proteins found on or within cancer cells, tar-
geted therapy disrupts the signaling pathways that regulate cell growth and division. This
treatment approach effectively inhibits cancer cell growth and spread while minimizing
harm to healthy cells. It is important to note that each tumor may have different targets,
and targeted therapy is also referred to as molecular targeted therapy. For instance, the
enzyme nicotinamide N-methyltransferase (NNMT), which is overexpressed in numerous
neoplasms, can also be a promising therapeutic target for treating EC [89]. Macrocyclic
peptides can be potent allosteric inhibitors of NNMT and can help in the management of
EC [90].

In cases of locally advanced or metastatic adenocarcinoma tumors at the gastroesophageal
junction, targeted therapy medications are often used in conjunction with chemotherapy.

These treatments may be considered as alternatives to surgery or for advanced
esophageal malignancies that have not responded to other therapies. These targeted
therapy medications, unlike chemotherapy, have specific mechanisms of action and pri-
marily target cancer cells. As a result, they often have distinct and less severe side effects
compared to chemotherapy. Before administering these medications, cancer cells are ex-
amined to determine if they possess the genes, proteins, or other factors that the targeted
therapies are designed to address.

Ten years prior, the Food and Drug Administration (FDA) has authorized three various
types of targeted therapy for the treatment of EC. These treatments make use of drugs
that are designed to target and eliminate cancer cells. Epidermal Growth Factor Receptor
(EGFR, Her1, ErbB1), Mesenchymal–Epithelial Transition (MET) factor, Human Epidermal
Growth Factor Receptor 2 (HER2, Neu, ErbB2), Vascular Endothelial Growth Factor (VEGF),
and Programmed Death Ligand 1 (PD-L1) are examples of targeted therapy drugs. The
US Food and Drug Administration (FDA) has approved several targeted therapies for
adenocarcinomas [91].

One example is trastuzumab, which was approved in 2010 as the first targeted therapy
for gastroesophageal and gastric cancer based on the results of the trastuzumab for gastric
cancer (ToGA) study [92,93].

4.3.1. Human Epidermal Growth Factor Receptor 2

Human Epidermal Growth Factor Receptor 2 (HER2, Neu, ErbB2) has emerged as a
significant target in the treatment of EC [94]. HER2 belongs to the family of EGFR and is a
tyrosine kinase which is localized to the plasma membrane. It plays a role in intracellular–
extracellular signaling and regulates cell growth, proliferation, differentiation, and cancer
development [95]. There is an abnormally high level of the HER2 protein on the surface
of cancer cells in some cases of EC, which contributes to cancer cell growth. This protein
overexpression is typically caused by an amplification of the HER2 gene. ECs with elevated
HER2 levels are referred to as HER2-positive.

Targeting HER2 has become a crucial approach in molecular-based treatment for
EC [96]. Lapatinib and trastuzumab are the main therapeutic drugs used for targeting
HER2. HER2 overexpression has been observed in 83 percent of ECs, with adenocarcinoma
demonstrating higher rates of HER2 positivity compared to squamous cell carcinoma
(56 percent) [97]. Various approaches are being explored to target EC effectively.

Trastuzumab

Trastuzumab is an antibody–drug conjugate that consists of a humanized anti-HER2
antibody, a unique enzyme-cleavable linker, and a topoisomerase I inhibitor. It is a mon-
oclonal antibody, which is a synthetic version of a protein produced by the immune
system, and it was the first FDA-approved targeted therapy for HER2-positive gastroe-
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sophageal cancer (GE) [98]. Initially approved for the treatment of HER2-positive breast
cancer, trastuzumab has shown efficacy in reducing the progression of esophageal tu-
mors with HER2 expression [87]. It can be used to treat certain HER2-positive tumors at
the gastroesophageal junction. Trastuzumab is a protein engineered to mimic naturally
occurring immune system proteins. While it was originally marketed under the brand
name Herceptin, several biosimilars (similar versions) such as Ogivri, Herzuma, Ontruzant,
Trazimera, and Kanjinti are now available.

In the treatment of EC, eligible patients typically receive trastuzumab intravenously
in combination with chemotherapy at three-week intervals [99]. After chemotherapy,
trastuzumab may be administered as a standalone treatment if the cancer responds posi-
tively. The medication is continued until there is evidence of cancer recurrence, a phase
known as maintenance therapy. Trastuzumab is not used for patients who test negative for
HER2 because its mechanism of action specifically targets cancers driven by high levels of
the HER2 protein. Research indicates it is not effective against HER2-negative tumors [100].
Trastuzumab may cause mild flu-like symptoms such as fever, vomiting, infusion reactions,
diarrhea, fatigue, rash, neutropenia, anemia, headache, and cough. The most severe side
effects include cardiomyopathy, pulmonary toxicity, infusion reactions, and febrile neu-
tropenia. It carries a risk of causing heart damage, hence the need for frequent monitoring
and testing before initiating treatment to detect potential reactions.

4.3.2. Epidermal Growth Factor Receptor

The ErbB family, which also includes the tyrosine kinases ErbB2/HER2/Neu, ErbB3/
HER3, and ErbB4/HER4, includes the Epidermal Growth Factor Receptor (EGFR), also
referred to as Her1 or ErbB1. When the EGFR is activated, it causes the receptor to dimer-
ize and become autophosphorylated. This sets off downstream signaling pathways like
RAS-RAF-MEK-ERK-MAPK and PI3K-AKT-mTOR, which are crucial for cell prolifera-
tion, differentiation, and survival [101]. Cancer development has been linked to abnormal
EGFR activation, including overexpression and ligand-dependent receptor heterodimeriza-
tion [102]. EGFR overexpression has been observed in EC, and clinical trials are currently
underway to investigate anti-EGFR agents as potential targeted therapies for this receptor.
Over 20 years ago, EGFR targeting was proposed for cancer therapy, and monoclonal anti-
bodies and small-molecule EGFR tyrosine kinase inhibitors (TKIs) are the most promising
and extensively studied EGFR-targeting agents [9]. A number of drugs that inhibit EGFR
signaling have been developed, providing effective treatment options for EC. Biological
agents that target EGFR are being developed as new anticancer therapies. The extracellular
region of the EGFR is recognized by monoclonal antibodies like cetuximab and nimo-
tuzumab, which prevent EGF from binding to the receptor and prevent the growth of EC.
Small-molecule inhibitors like erlotinib and gefitinib act on the intracellular portion of the
receptor to disrupt intracellular tyrosine kinase activity and halt the growth and spread of
cancer. Drug resistance resulting from mutations in EGFR-related genes must be taken into
account when employing EGFR-targeted therapy for EC. Ongoing research is focused on
the development of EGFR inhibitors for gastric cancer and EC, suggesting that targeting
EGFR may be a more effective treatment approach. Ongoing research is focusing on the
development of EGFR inhibitors for gastric and EC, implying that targeting EGFR may be
a more effective treatment strategy.

Cetuximab

Cetuximab (IMC-C225) is an FDA-approved chimeric monoclonal antibody that targets
EGFR in EC treatment. It is derived from a mouse myeloma cell line and belongs to the
immunoglobulin G1 (IgG1) class of antibodies. Cetuximab specifically inhibits EGFR
activation, thereby slowing down the progression of cancer. It prevents the binding of
EGF and TGF-alpha to EGFR and blocks ligand-induced activation of the tyrosine kinase
receptor. Additionally, cetuximab promotes the internalization of EGFR, effectively isolating
the receptor from ligand interactions. Several studies have demonstrated the efficacy of
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cetuximab in treating EC, particularly when used in combination with chemotherapy [103].
T. Ruhstaller and colleagues reported that adding cetuximab as an adjunct therapy to
treatments such as radiotherapy, chemotherapy, and surgery significantly reduces the
development of regional esophageal squamous cell carcinoma (ESCC) [104].

A recent meta-analysis of randomized controlled trials shows that cetuximab therapy
significantly improved response rate and disease control rate for patients with metastatic
EC rather than patients with localized EC [103]. Beside this, chemoradiotherapy plus
cetuximab improved the trend towards PFS and MFS [105].

In addition to increasing survival, cetuximab also lessens the chance of metastasis
and tumor recurrence. A unique method of treating EC uses cetuximab in conjunction
with chemotherapy medicines. It is important to note that cetuximab may be ineffective
in cancer patients with low EGFR expression. Among all the currently available anti-
EGFR monoclonal antibodies, the chimeric IgG1 cetuximab, also known as ‘Erbitux’ or
C225, is the most advanced. Clinical studies have shown that cetuximab improves overall
survival when used in combination with radiation therapy for locally advanced disease
and chemotherapy for recurrent/metastatic disease.

Nimotuzumab

Nimotuzumab is a fully recombinant, humanized monoclonal antibody that targets
EGFR in the treatment of esophageal squamous cell carcinoma (ESCC). It has a lower
adverse effect profile compared to cetuximab and panitumumab, with no skin, renal, or
gastrointestinal toxicity. EGFR is a promising therapeutic target for ESCC treatment [106].
In comparison to cetuximab, nimotuzumab exhibits lower toxicity and a relatively low
incidence of rash. In patients with ESCC, nimotuzumab has shown greater efficacy than
conventional chemotherapy. When combined with chemotherapy, nimotuzumab has
demonstrated a significant anticancer effect with manageable side effects in advanced
EC [107]. Nimotuzumab with chemotherapy has also demonstrated promising therapeu-
tic results in individuals with locally progressed or metastatic ESCC, with little toxicity
seen and good tolerance. Therefore, this combined therapy could potentially serve as a
novel treatment option for patients with metastatic esophageal squamous cell carcinoma
(ESCC) [108].

4.3.3. Vascular Endothelial Growth Factor

Tumor angiogenesis includes complex interactions between regulators and effectors.
Vascular endothelial growth factors (VEGFs) play an important role in vascular endothelial
cell proliferation and angiogenesis among these regulators. VEGFs comprise PlGF, VEGF-A,
VEGF-B, VEGF-C, and VEGF-D [109]. A signaling molecule called VEGF is involved in
the complex process of tumor angiogenesis. When VEGFs bind to the VEGFRs (VEGFR1,
VEGFR2, and VEGFR3), they have an autocrine or paracrine effect. VEGFs are released by
tumors or stromal cells. Phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) and
extracellular regulated protein kinase 1/2 (ERK1/2) are two signaling pathways that can
be activated by the interaction of VEGF and its receptors. These pathways can be activated
to promote more cell migration, proliferation, and survival. EC progression and diagnosis
are linked to VEGF expression [110], thus highlighting the VEGF signaling pathway as a
promising therapeutic target for this disease.

Ramucirumab

Ramucirumab is a targeted drug that shows promise in the treatment of certain types
of EC. It is a novel anti-angiogenic monoclonal antibody of the human immunoglobulin
G (IgG) 1 class, which can block VEGFR2 and hinder its interaction with the ligands.
By doing so, it slows down angiogenesis and induces apoptosis of tumor cells [111].
Ramucirumab may be considered as a treatment option when first-line therapies have
been ineffective. Its objective is to disrupt angiogenesis, the process of forming new blood
vessels. Anti-angiogenesis therapies aim to “starve” the tumor by depriving it of the



Curr. Oncol. 2023, 30 9554

nutrients supplied by blood vessels. A protein called VEGF causes the body to produce
new blood vessels. Initially, receptors (proteins) are present on the surface of cancer cells—
where VEGF binds. Ramucirumab works by preventing VEGF from binding to cancer cells,
potentially halting the cancer’s progression and slowing its growth [112]. Ramucirumab
is used in the diagnosis and management of cancers originating at the gastroesophageal
(GE) junction. It is commonly employed as a subsequent treatment option when other
drugs have not been successful. It can be administered alone or in combination with the
chemotherapy drug paclitaxel. The medication is infused intravenously every two weeks.
For advanced ECs that have not responded to previous treatments, ramucirumab could
be an alternative option. The most frequent side effects of ramucirumab include fatigue,
increased blood pressure, and swelling in the arms or legs. In rare cases, the drug may
lead to serious complications such as excessive bleeding, blood clots, and perforation of the
digestive system.

4.4. Immunotherapy for Esophageal Cancer

Immunotherapy is a groundbreaking class of drugs that stimulates the immune system
to fight against cancer. It is a type of cancer treatment that enhances the body’s natural
defense against cancer cells. Various types of immunotherapy employ different mechanisms
of action. Some treatments assist the immune system in halting or slowing down the
growth of cancer cells, while others aid in the immune system’s destruction of cancer
cells or prevention of cancer spread to other parts of the body. Immunotherapy has been
predicted to revolutionize modern cancer treatment.

Immunotherapy has significantly improved patients’ survival and quality of life com-
pared to previous standards of care, which included radiotherapy, surgery, and chemother-
apy [113]. It has firmly established itself as a new cornerstone of cancer care across various
cancer types, from metastatic to adjuvant and neoadjuvant settings. Immunotherapy, either
as a standalone treatment or in combination with chemotherapy, has proven to be effective.
Recent studies have demonstrated remarkable response rates in advanced and resectable
EC patients using checkpoint inhibitors such as nivolumab and pembrolizumab [114].
While the current results from large clinical trials show great efficacy with manageable
toxicity, favorable survival rates, and long-term quality of life, some concerns still remain.
Overall, immunotherapy represents a promising avenue for cancer treatment, offering
new hope for patients. Ongoing research aims to refine and optimize immunotherapy
approaches, expand its applicability, and address any remaining challenges to further
enhance patient outcomes.

4.4.1. Immune Checkpoint Inhibitors

The immune system is a highly specialized and complex biological network consisting
of specific cells, organs, and proteins. It can be divided into two types: innate (non-specific)
immunity and adaptive (specific) immunity. Innate immune components such as natural
killer (NK) cells, macrophages, and dendritic cells play a crucial role in identification and
containment of cancer cells. However, to recognize and eliminate tumor cells, T cells
from the adaptive immune system are recruited [115]. The immune response within the
body is regulated by co-stimulatory and inhibitory signals under normal physiological
conditions. When the immune system is triggered by signals from pathogenic stimuli, it can
precisely detect and eliminate specific antigens. Normal tissues protect the immune system
from self-destruction by expressing immunological checkpoints known as self-tolerance.
Immune cells play a significant role in suppressing tumor cells, and it has been observed
that individuals with weakened immune systems are more susceptible to developing cancer.
Cancer cells employ various strategies to evade detection by the immune system and to
manipulate immune cells. These strategies are collectively termed immune evasion.

Immune checkpoints are crucial for preventing autoimmune reactions by blocking
T-cell receptors (TCRs) from recognizing the antigens [116]. Immune checkpoint proteins
prevent tumor-specific T cells from performing their function, allowing cancer cells to
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avoid immune surveillance. Cancer cells express immune checkpoint proteins like Pro-
grammed Cell Death 1 Ligand 1 (PD-L1, also known as CD279) and receptors like cytotoxic
T lymphocyte-associated antigen-4 (CTLA-4, also known as CD152), which have been
linked to the suppression and downregulation of T-cell activity. Cancer cells additionally se-
crete exosomes which contain these immune checkpoint regulators [117]. These checkpoint
regulators deliver inhibitory signals that suppress the immune response when they bind to
proteins expressed on immune cells (T cells, B cells, and myeloid cells). Additionally, recent
studies have shown that cancer cells release extracellular vesicles (EVs) that express the
protein PD-L1 [118]. The immune system is a complex network of communicating cells and
biochemical signals that coordinates the identification and eradication of foreign antigens
while guarding against autoimmune reactions [119]. Finely controlled connections between
immune cells and a dynamic interplay of stimulatory and inhibitory signals keep this deli-
cate balance in check [120]. In order to avoid immune surveillance, cancer cells frequently
modify signaling pathways to upset this equilibrium. To combat tumor immune evasion,
one can use stimulatory receptor antagonists or inhibitory signal antagonists, effectively
harnessing the immune system as a weapon against cancer [121]. Both approaches enhance
the specific anti-cancer action of the immune system. Furthermore, current research sug-
gests that immunotherapy may benefit only a subset of EC patients [122]. The detailed
mechanism is described in Figure 1.
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Figure 1. Schematic drawing of molecular mechanism of anti-PD-1 and anti-PD-L1 inhibitor-mediated
cancer immunotherapy. Immune effect of T cell is suppressed when there is an interaction between
PD-1 on T-cell surface and PD-L1 on cancer cells. The therapeutic antibodies (anti-PD-1 and anti-PD-
L1) for EC immunotherapy bind to PD-1 and PD-L1 and inhibit their interaction.

Nivolumab

The FDA approved nivolumab in 2020 for patients with unresectable advanced, recur-
ring, or metastatic esophageal squamous cell carcinoma. Nivolumab is a completely human
IgG4 monoclonal antibody that targets PD-1. It blocks the binding of PD-L1 and PD-L2 to
PD-1, and prevents immunosuppression [123]. As a member of the CD28 superfamily, PD-1
is a crucial immunosuppressive protein which restricts T-cell activation when it interacts
with PD-L1 and PD-L2, two of its ligands. Numerous studies have shown significant PD-L1
and PD-L2 expression in EC, with PD-L1 expression linked to tumor invasion depth and
a bad prognosis and PD-L2 expression linked to reduced CD8+ T-cell infiltration. The
PD-1 receptor is highly expressed on T cells, B cells, and NK cells. The PD-L1 receptor’s
ligand, also known as CD274, is called the PD-1 receptor. When exposed to inflammatory
cytokines, this molecule, which is expressed in peripheral organs, suppresses T-cell func-
tion. Additionally, PD-L1 on activated mature NK cells is upregulated by the inflammatory
cytokine interleukin (IL)-18, which contributes to immunosuppression [124].
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In melanoma, lung, breast, pancreatic, gastric, colon, ovarian, and ECs, PD-L1 is
typically overexpressed on cancer cells. This makes it possible for tumor cells to interact
with T-cell PD-1 receptors, inhibiting T-cell activation, proliferation, and ultimately T-
cell death [125]. It is widely known that the expression of PD-L1 is a key mechanism
by which many types of cancer evade the immune system. In light of this, it is not
unexpected that PD-L1 and PD-1 inhibitors have become popular and highly successful
cancer immunotherapies. This data emphasizes how important PD-1 inhibition is for the
treatment of EC [126].

Pembrolizumab

The US Food and Drug Administration (FDA) authorized pembrolizumab, a mon-
oclonal antibody that targets PD-1, as the first immune checkpoint inhibitor in 2014 for
the treatment of esophageal and esophagogastric junction cancer [127]. Patients who have
already received conventional chemotherapy and have locally progressed or metastatic
squamous cell EC can benefit from pembrolizumab, commonly known by the brand name
Keytruda, which is a trusted and safe immunotherapy medication [128]. T cells, which
are immune system cells responsible for eradicating foreign invaders and aberrant cells
in the body, such as cancer cells, attach to PD-1 proteins on PD-L1 proteins. Because this
attachment prevents T cells from performing their immunological job, cancer cells are able
to avoid being recognized by the immune system. When pembrolizumab binds to PD-1, it
stops PD-L1 from interacting with it [129].

Pembrolizumab was approved by the FDA as a second-line treatment for patients
with squamous EC, which develops in the cells lining the esophagus and spreads to nearby
lymph nodes, local areas, and beyond. The results of a clinical trial were published on 6
October in the Journal of Clinical Oncology, supporting the FDA’s decision. The drug’s
target protein, Programmed Death Ligand-1 (PD-L1), must also be present in significant
concentrations in the cancer cells of the patients [123]. Pembrolizumab, a PD-1 inhibitor, is
well tolerated in EC patients who are PD-L1 positive, according to preliminary results from
ongoing studies.

As a result of immunotherapy, the survivability of the cancer patients becomes con-
siderably higher. Toxicities associated with immunotherapy for EC are comparatively
uncommon. Immuno-oncology is still in its early phases and confronts numerous difficul-
ties despite the quick progress in the field. Finding biomarkers that can forecast the success
of immunotherapy is therefore essential [130]. This would make it possible to pick the indi-
viduals who would benefit from the therapy while protecting those who would not from its
side effects and failures, like cutaneous, gastrointestinal, endocrine, and liver toxicity. The
effectiveness of various immunotherapies in combination with other EC therapy options
is now being examined in numerous clinical trials with the goal of enhancing therapeutic
alternatives for patients with this condition.

4.4.2. Toxicities Associated with Immunotherapy

The frequency and severity of immune checkpoint inhibitor (ICI)-related toxicity
are still being investigated, and much of the available data is based on trials involving
ipilimumab, pembrolizumab, and nivolumab. The adverse effects associated with im-
munotherapy have been a significant hurdle for its widespread use, and the development
of immune-related adverse events (irAEs) is linked to the reduction of immunosuppres-
sion [131]. The most commonly observed immune-related adverse effects include endocrine,
skin, liver damage, and gastrointestinal issues. However, comprehensive data on irAEs
for newer drugs is still being collected and evaluated. Due to the nature of irAEs and
underreporting, the reported rates are likely to underestimate the true occurrence of these
events [132].

The estimated prevalence of any-grade irAEs associated with single-agent ICI therapy
varies widely across different drugs and trials, ranging from approximately 15% to 90%.
Since these irAEs can occur at any stage, close monitoring, timely follow-up, and careful
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management are necessary [133]. Therefore, physicians must be skilled in effectively
diagnosing and managing these side effects.

5. Common Treatment Approaches
5.1. Cancer Treatment by Stage

After the discovery of EC, doctors will try to determine whether it has spread and, if
so, how far it has spread. This process is referred to as staging. The stage of cancer indicates
how much of it is present in the body and helps determine the severity of the cancer and
the most effective course of treatment [134].

The evaluation of illness extent at the time of initial diagnosis is critical for establishing
effective management, subsequent therapy outcomes, and prognosis. To closely correlate
stage and disease prognosis, a revised tumor–node–metastases (TNM) primary tumor (T),
lymph node involvement (N), and extent of metastatic disease (M) classification was used
in 1988; however, recent literature suggests that this TNM system did not fully distinguish
staging according to survival [135]. Depth of wall penetration and lymph node metastases
were found to be stronger prognostic indicators, and the American Joint Committee on
Cancer (AJCC) changed the staging system to include these prognostic characteristics
in 2002 [136]. The initial stage of EC is known as stage 0 (high-grade dysplasia). It
then progresses from stage I (1) to stage IV (4). The innermost layer of the lining of the
esophagus, the epithelium, is where the majority of the ECs begins and slowly progress to
innermost layers.

The American Joint Committee on Cancer (AJCC) TNM method, which is based on
three important pieces of evidence, is the most often used staging approach for EC [137].
Grade—The grade is another aspect that can influence the therapy procedure [138]. When
viewed through a microscope, this value ranges from 1 to 3. For details, see Tables 2 and 3.

Table 2. Esophageal cancer (adenocarcinoma) stage grouping illustrated in 7th edition of American
Joint Committee on Cancer (AJCC) Cancer Staging Manual.

Stage T N M Grade

0 Is 0 0 1

IA 1 0 0 1–2

IB
1 0 0 3
2 0 0 1–2

IIA 2 0 0 3

IIB
3 0 0 Any

1–2 1 0 Any

IIIA
1–2 2 0 Any

3 1 0 Any
4a 0 0 Any

IIIB 3 2 0 Any

IIIC
4a 1–2 0 Any
4b Any 0 Any

Any 3 0 Any

IV Any Any 1 Any
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Table 3. Esophageal cancer (squamous cell carcinoma) stage grouping illustrated in 7th edition of
American Joint Committee on Cancer (AJCC) Cancer Staging Manual.

Stage T N M Grade

0 1 0 0 1

IA 1 0 0 1

IB
1 0 0 2–3

2–3 0 0 1

IIA
2–3 0 0 1
2–3 0 0 2–3

IIB
2–3 0 0 2–3
1–2 1 0 Any

IIIA
1–2 2 0 Any

3 1 0 Any
4a 0 0 Any

IIIB 3 2 0 Any

IIIC
4a 1–2 0 Any
4b Any 0 Any

Any 3 0 Any

IV Any Any 1 Any

GX: The grade cannot be assessed. (The grade is unknown).
Grade 1 (G1: well differentiated; low grade): Cancer cells closely resemble normal

esophageal cells.
Grades 2 (G2: moderately differentiated; intermediate) comes in between Grades 1

and 3.
Grade 3 (G3: poorly differentiated, undifferentiated; high grade): Cancer cells appear

highly abnormal.

5.2. Treating Esophageal Cancer by Stage

Stage 0: High-Grade Dysplasia Limited to the Epithelium.
The cancerous cells are confined to the epithelium, the top layer of cells lining the

inside of the esophagus, at this stage. There is no invasion into deeper layers, and no
spread to lymph nodes or distant organs. Endoscopic procedures such as radiofrequency
ablation (RFA), endoscopic mucosal resection (EMR), and photodynamic therapy (PDT)
are commonly used to treat this stage. These techniques aim to remove or destroy the
abnormal cells. Following endoscopic treatment, regular and thorough follow-up with
frequent upper endoscopy is crucial to detect any recurrence of pre-cancerous or cancerous
cells in the esophagus [139].

Alternatively, an esophagectomy may be considered as another treatment option. This
surgical procedure involves the removal of the abnormal part of the esophagus. While it
is a major surgical intervention, one advantage is that it eliminates the need for lifelong
endoscopy monitoring.

Proper management and close monitoring are essential in ensuring effective treatment
outcomes and reducing the risk of disease progression or recurrence.

Treatment Options for Stage I Esophageal Cancer

Stage I EC refers to very early cancers that are limited to a small area of the mucosa
and have not spread to the submucosa. The treatment options for stage I EC depend on
various factors, including the extent of the cancer and the overall health of the patient.
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5.3. Endoscopic Treatment

Some T1a tumors can be treated with endoscopic mucosal resection (EMR), which
removes the cancerous area of the esophageal lining. After that, another kind of endoscopic
procedure, like ablation, might be performed to eliminate any remaining abnormal areas in
the esophageal lining [140].

Surgery (esophagectomy): In most cases, patients with T1 cancer who are in good
overall health will undergo surgery (esophagectomy) to remove the cancer.

Pre-surgical chemotherapy: If the cancer is located in the esophagus near the stomach,
chemotherapy without radiation is used to treat the cancerous portion of their esophagus.

Adjuvant chemoradiation: If there are signs that not all of the cancer has been removed
following surgery, chemotherapy and radiation therapy may be recommended [6].

Neoadjuvant chemoradiation: Neoadjuvant chemoradiation is frequently used before
surgery in individuals with T2 tumors that have spread to the muscularis propria [141].

Surgery alone: For smaller tumors (less than 2 cm), surgery alone may be an option.
Immunotherapy: In cases where lab tests following chemoradiation and surgery reveal

that some cancer remains, treatment with an immunotherapy medicine, such as nivolumab,
may be considered.

Primary chemoradiation: when the cancer is located in the upper region of the esopha-
gus (in the neck), chemoradiation may be used first instead of surgery.

Close monitoring with endoscopy is critical for detecting any signs of cancer recur-
rence. For individuals who are unable to have or ineligible for surgery due to other major
health issues, alternative treatments such as EMR and endoscopic ablation, chemotherapy,
radiation therapy, or a combination of these approaches may be considered [53]. The
treatment plan should be tailored to the individual patient’s circumstances and discussed
with a medical professional.

6. Treating Stages II and III Cancer of the Esophagus

Cancers in stage II have spread to the esophageal main muscle layer or the connective
tissue on the exterior of the esophagus. At this stage, some tumors have also spread to
one or two nearby lymph nodes. Cancer has spread through the esophageal wall to the
outer layer in stage III, and malignancies have spread to neighboring organs or tissues.
Chemoradiation (chemotherapy combined with radiation therapy), followed by surgery,
is the most typical treatment for these tumors for those in sufficient health. If laboratory
testing reveals that some cancer remains after surgery, treatment with an immunotherapy
medicine like nivolumab may be considered.

Patients with gastroesophageal junction adenocarcinoma are sometimes treated with
chemotherapy (without radiation) followed by surgery [142]. In certain instances, particu-
larly for upper ECs, chemoradiation may be recommended as the primary treatment rather
than surgery [143]. Individuals who do not have surgery require continuous endoscopy
monitoring to detect any signs of residual malignancy. Cancer can still exist beneath the
inner lining of the esophagus even when it is not visible, so close monitoring is required.

Chemoradiation is frequently used to treat patients who are unable to have surgery due
to other major health issues or because the cancer is too large to be removed. Chemotherapy,
immunotherapy, or a combination of the two may be used in the absence of chemoradiation.
The first line of treatment for people with HER2-positive gastroesophageal junction cancer
may consist of immunotherapy with pembrolizumab, followed by chemotherapy and the
targeted drug trastuzumab [144].

7. Treating Stage IV of Esophagus Cancer

Stage IV EC has spread to other organs or distant lymph nodes. Surgery is typically
not a viable option for trying to cure these malignancies because they are typically very
difficult to completely eradicate. The primary goal of treatment is to control the cancer for
as long as possible and alleviate any symptoms it may cause. To enhance patient well-being
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and lengthen survival, chemotherapy may be given, possibly in combination with targeted
medication therapy or immunotherapy.

Radiation therapy or other therapies may be performed to alleviate discomfort or
difficulties in swallowing. Targeted treatments like larotrectinib or entrectinib may be
considered if the cancer cells have particular gene alterations [145].These treatments aim to
target the specific genetic abnormalities in the cancer cells.

8. Post-Operative Complications and Rehabilitation Care for Esophageal Cancer

EC is not only difficult to treat but is also often accompanied by a range of complica-
tions. The presence of multiple complications makes EC a highly lethal disease that poses
significant challenges for treatment, causing ongoing harm to patients. Currently, surgery
remains the primary therapy for individuals with EC. However, surgical procedures and
postoperative therapies can lead to complications associated with EC [46].

In the past, EC had a dismal prognosis, but survival rates have been improving. World-
wide, the 5-year survival rates for localized cancers have increased to around 40% [146].
Surgery, specifically esophagectomy, is often combined with a multimodality approach
that includes neoadjuvant chemotherapy or chemoradiotherapy to treat EC. However,
esophagectomy carries a significant risk of morbidity and a mortality rate of up to 5% [147].

Oncologic esophagectomy for cancer is a complex and demanding procedure involv-
ing both the abdomen and thoracic region, which results in chronic surgical trauma. This
can have adverse effects on the physiological condition and physical integrity of patients.
Long-term consequences of EC include fatigue, reflux, dysphagia, discomfort, and diar-
rhea [148], which can lead to nutritional and functional deficits and a lower quality of
life [149]. Malnutrition is a serious long-term problem for individuals who have under-
gone esophagectomy [150]. Other issues such as dysphagia and reflux can also impede a
patient’s ability to consume an adequate amount of food [151]. Weight loss after surgery
is characterized by the loss of fat mass and depletion of skeletal muscle mass, a condition
known as sarcopenia [152,153]. Sarcopenia has been identified as a potential biomarker for
poor prognosis in patients with EC [154].

Patients undergoing EC surgery are at a considerable risk of experiencing postopera-
tive decline in lung function, leading to pulmonary complications. One-lung ventilation
during thoracotomy/thoracoscopy contributes to this risk. It is a major factor in prolonged
stays in the intensive care unit, delayed postoperative recovery, and diminished quality of
life. Potential postoperative surgical complications include pulmonary and cardiovascular
events, thromboembolism, infectious events, as well as the risk of anastomotic leak, thoraco-
gastric fistula, conduit necrosis, chyle leak, chylothorax, reflux esophagitis, anastomotic
stenosis, severe diarrhea, and vocal cord injury/palsy, all of which can be fatal [155].

8.1. Pulmonary Complication

The integrity of the thoracic wall and intercostal muscles, notably the diaphragm, is
weakened even though the lung tissue is not removed during the EC surgery. Infections
of the respiratory tract are frequently brought on by this damage to the lung’s ventilation
pump. Patients who feel pain from wounds in the neck, chest, or upper abdomen after
surgery, or if the stomach is dragged into the chest, compressing the lungs, may experience
varied degrees of dyspnea and shortness of breath. Alveolar collapse, pulmonary edema,
compromised pulmonary defense mechanisms, and insufficient ventilation are examples of
the pathophysiological pathways that contribute to lung infections [156]. Persistent chronic
bronchitis and chronic cardiac insufficiency are potential perioperative causes of surgical
lung infections [157]. Recent studies have shown that 28% of 2704 individuals experienced
serious respiratory problems, 1.5% developed pneumonia, and 7% experienced respiratory
failure [158].
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8.2. Reflux Esophagitis

A frequent postoperative consequence of EC is reflux esophagitis. Body flexion
after consuming acidic foods or beverages, as well as food reflux from the stomach and
esophagus to the mouth or pharynx while patients are sleeping, are characteristics of the
condition. Additionally, this has symptoms like post-sternal burning, soreness, difficulty
swallowing, and more. This symptom may be associated with gastrin concentration and
vagotomy [159].

8.3. Functional Gastric Emptying Disorder (FDGE)

When removing the esophagus in patients with EC, it may also be necessary to
remove a portion of the gastric wall or even a section of the stomach itself. Since the
esophagus and stomach are interconnected, their functions can be influenced by each other.
Resection of EC can lead to gastric motility abnormalities, which can cause dysfunction in
the reservoir function of the stomach. Reports indicate that more than half of individuals
who undergo esophagectomy experience symptoms of functional dyspepsia with gastric
emptying disorder [160].

There is a recognized need for research on rehabilitation programs for less-studied
diseases like EC in order to address the diverse rehabilitative needs that survivors may
face. Currently, research on EC rehabilitation has focused on prehabilitation, neoadjuvant
treatment, and early postoperative inpatient rehabilitation [161].

9. Conclusions

In conclusion, EC stands out as a significant public health concern, necessitating a
multidisciplinary approach for its treatment. This review summarizes various therapies,
including endoscopic treatment, surgery, chemoradiotherapy, immunotherapy, and tar-
geted therapy. Among these, targeted therapy exhibits promise in addressing metastatic
EC. The development of targeted drugs with both high efficacy and minimal side effects
holds pivotal importance for the effective treatment of EC. Further research in this field
remains essential. Overall, a comprehensive approach that integrates multiple therapeutic
modalities is imperative to enhance outcomes for patients with EC.

Author Contributions: R.A., A.M. and H.K.V. were involved in the data collection and validation;
provided the first draft of the manuscript; R.A., A.M., H.K.V. and L.V.K.S.B. prepared the figures
and tables, wrote and finalized the manuscript; H.K.V. and L.V.K.S.B. designed the outline and
coordinated the writing of the paper. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Yang, Y.-M.; Hong, P.; Xu, W.W.; He, Q.-Y.; Li, B. Advances in targeted therapy for esophageal cancer. Signal Transduct. Target.

Ther. 2020, 5, 229. [CrossRef] [PubMed]
2. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef] [PubMed]
3. Smyth, E.C.; Lagergren, J.; Fitzgerald, R.C.; Lordick, F.; Shah, M.A.; Lagergren, P.; Cunningham, D. Oesophageal cancer. Nat. Rev.

Dis. Primers 2017, 3, 17048. [CrossRef]
4. Chai, J. Introductory chapter: Esophagus and esophageal cancer. In Esophageal Cancer and Beyond; IntechOpen: London, UK, 2018.
5. Hassan, M.S.; Makuru, V.; von Holzen, U.J.D.M.R. Targeted therapy in esophageal cancer. Dig. Med. Res. 2021, 4, 29. [CrossRef]
6. Lowe, D.; Kudaravalli, P.; Hsu, R.J.S. Barrett metaplasia. Lancet 2020, 356, 2079–2085.

https://doi.org/10.1038/s41392-020-00323-3
https://www.ncbi.nlm.nih.gov/pubmed/33028804
https://doi.org/10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.1038/nrdp.2017.48
https://doi.org/10.21037/dmr-21-16


Curr. Oncol. 2023, 30 9562

7. Yang, J.; Liu, X.; Cao, S.; Dong, X.; Rao, S.; Cai, K. Understanding Esophageal Cancer: The Challenges and Opportunities for the
Next Decade. Front. Oncol. 2020, 10, 1727. [CrossRef]

8. Watanabe, M.; Otake, R.; Kozuki, R.; Toihata, T.; Takahashi, K.; Okamura, A.; Imamura, Y. Recent progress in multidisciplinary
treatment for patients with esophageal cancer. Surg. Today 2020, 50, 12–20. [CrossRef]

9. Ilson, D.H. Is there a future for EGFR targeted agents in esophageal cancer? Ann. Oncol. 2018, 29, 1343–1344. [CrossRef]
10. Santos, E.D.S.; Nogueira, K.A.B.; Fernandes, L.C.C.; Martins, J.R.P.; Reis, A.V.F.; Neto, J.B.V.; Júnior, I.; Pessoa, C.; Petrilli, R.; Eloy,

J.O. EGFR targeting for cancer therapy: Pharmacology and immunoconjugates with drugs and nanoparticles. Int. J. Pharm. 2021,
592, 12. [CrossRef]

11. Triantafyllou, T.; Wijnhoven, B.P.L. Current status of esophageal cancer treatment. Chin. J. Cancer Res. 2020, 32, 271–286. [CrossRef]
12. Bennett, A.N.; Huang, R.X.; He, Q.; Lee, N.P.; Sung, W.K.; Chan, K.H.K. Drug repositioning for esophageal squamous cell

carcinoma. Front. Genet. 2022, 13, 991842. [CrossRef]
13. Xu, C.; Lin, S.H. Esophageal cancer: Comparative effectiveness of treatment options. Comp. Eff. Res. 2016, 6, 1–12.
14. Yu, J.; Kim, J.H.; Kim, S.-B.; Park, S.R.; Kim, Y.-H.; Kim, H.R.; Lee, H.J.; Song, H.J.; Song, K.J.; Jang, J.Y.; et al. Role of Esophagectomy

after Chemoradiation Therapy in Patients with Locally Advanced Squamous Cell Carcinoma: A Comparative Analysis Stratified
by Clinical Response to Chemoradiation Therapy. Cancer Res. Treat. 2022, 54, 1148–1156. [CrossRef] [PubMed]

15. Bedenne, L.; Michel, P.; Bouché, O.; Milan, C.; Mariette, C.; Conroy, T.; Pezet, D.; Roullet, B.; Seitz, J.F.; Herr, J.P.; et al.
Chemoradiation followed by surgery compared with chemoradiation alone in squamous cancer of the esophagus: FFCD 9102. J.
Clin. Oncol. 2007, 25, 1160–1168. [CrossRef] [PubMed]

16. Vellayappan, B.A.; Soon, Y.Y.; Ku, G.Y.; Leong, C.N.; Lu, J.J.; Tey, J.C. Chemoradiotherapy versus chemoradiotherapy plus surgery
for esophageal cancer. Cochrane Database Syst. Rev. 2017, 8, Cd010511. [CrossRef]

17. Lin, D.; Khan, U.; Goetze, T.O.; Reizine, N.; Goodman, K.A.; Shah, M.A.; Catenacci, D.V.; Al-Batran, S.-E.; Posey, J.A. Gastroe-
sophageal Junction Adenocarcinoma: Is There an Optimal Management? Am. Soc. Clin. Oncol. Educ. Book 2019, 39, e88–e95.
[CrossRef] [PubMed]

18. Borggreve, A.S.; Kingma, B.F.; Domrachev, S.A.; Koshkin, M.A.; Ruurda, J.P.; van Hillegersberg, R.; Takeda, F.R.; Goense, L.
Surgical treatment of esophageal cancer in the era of multimodality management. Ann. N. Y. Acad. Sci. 2018, 1434, 192–209.
[CrossRef]

19. Han, Y.; Zhang, Y.; Li, H. Application of different intrathoracic esophagogastric anastomosis in surgery for esophageal cancer.
Zhonghua Wei Chang Wai Ke Za Zhi 2018, 21, 995–1000. [PubMed]

20. Markar, S.R.; Lagergren, J. Surgical and Surgeon-Related Factors Related to Long-Term Survival in Esophageal Cancer: A Review.
Ann. Surg. Oncol. 2020, 27, 718–723. [CrossRef]

21. Yanasoot, A.; Yolsuriyanwong, K.; Ruangsin, S.; Laohawiriyakamol, S.; Sunpaweravong, S. Costs and benefits of different
methods of esophagectomy for esophageal cancer. Asian Cardiovasc. Thorac. Ann. 2017, 25, 513–517. [CrossRef] [PubMed]

22. Gurusamy, K.S.; Pallari, E.; Midya, S.; Mughal, M. Laparoscopic versus open transhiatal oesophagectomy for oesophageal cancer.
Cochrane Database Syst. Rev. 2016, 3, Cd011390. [CrossRef] [PubMed]

23. Van Hillegersberg, R.; Seesing, M.F.; Brenkman, H.J.; Ruurda, J.P. Robot-assisted minimally invasive esophagectomy. Chirurg
2017, 88, 7–11. [CrossRef] [PubMed]

24. Van der Sluis, P.C.; van Hillegersberg, R. Robot assisted minimally invasive esophagectomy (RAMIE) for esophageal cancer. Best.
Pract. Res. Clin. Gastroenterol. 2018, 36–37, 81–83. [CrossRef] [PubMed]

25. Achim, F.; Constantinoiu, S. Recent Advances in Minimally Invasive Esophagectomy. Chirurgia 2018, 113, 19–37. [CrossRef]
[PubMed]

26. Van den Berg, J.W.; Luketich, J.D.; Cheong, E. Oesophagectomy: The expanding role of minimally invasive surgery in oesophageal
cancer. Best. Pract. Res. Clin. Gastroenterol. 2018, 36–37, 75–80. [CrossRef]

27. Van der Sluis, P.C.; Schizas, D.; Liakakos, T.; van Hillegersberg, R. Minimally Invasive Esophagectomy. Dig. Surg. 2020, 37, 93–100.
[CrossRef]

28. Yibulayin, W.; Abulizi, S.; Lv, H.; Sun, W. Minimally invasive oesophagectomy versus open esophagectomy for resectable
esophageal cancer: A meta-analysis. World J. Surg. Oncol. 2016, 14, 304. [CrossRef]

29. Na, K.J.; Kang, C.H. Current Issues in Minimally Invasive Esophagectomy. Korean J. Thorac. Cardiovasc. Surg. 2020, 53, 152–159.
[CrossRef]

30. Brady, J.J.; Witek, T.D.; Luketich, J.D.; Sarkaria, I.S. Patient reported outcomes (PROs) after minimally invasive and open
esophagectomy. J. Thorac. Dis. 2020, 12, 6920–6924. [CrossRef]

31. Van der Schaaf, M.; Johar, A.; Wijnhoven, B.; Lagergren, P.; Lagergren, J. Extent of lymph node removal during esophageal cancer
surgery and survival. J. Natl. Cancer Inst. 2015, 107, djv043. [CrossRef]

32. Deng, J.; Su, Q.; Ren, Z.; Wen, J.; Xue, Z.; Zhang, L.; Chu, X. Comparison of short-term outcomes between minimally invasive
McKeown and Ivor Lewis esophagectomy for esophageal or junctional cancer: A systematic review and meta-analysis. Onco
Targets Ther. 2018, 11, 6057–6069. [CrossRef] [PubMed]

33. Zhu, Z.Y.; Yong, X.; Luo, R.J.; Wang, Y.Z. Clinical analysis of minimally invasive McKeown esophagectomy in a single center by a
single medical group. J. Zhejiang Univ. Sci. B 2018, 19, 718–725. [CrossRef] [PubMed]

34. Mu, J.W.; Gao, S.G.; Xue, Q.; Mao, Y.S.; Wang, D.L.; Zhao, J.; Gao, Y.S.; Huang, J.F.; He, J. Updated experiences with minimally
invasive McKeown esophagectomy for esophageal cancer. World J. Gastroenterol. 2015, 21, 12873–12881. [CrossRef] [PubMed]

https://doi.org/10.3389/fonc.2020.01727
https://doi.org/10.1007/s00595-019-01878-7
https://doi.org/10.1093/annonc/mdy135
https://doi.org/10.1016/j.ijpharm.2020.120082
https://doi.org/10.21147/j.issn.1000-9604.2020.03.01
https://doi.org/10.3389/fgene.2022.991842
https://doi.org/10.4143/crt.2021.885
https://www.ncbi.nlm.nih.gov/pubmed/34942686
https://doi.org/10.1200/JCO.2005.04.7118
https://www.ncbi.nlm.nih.gov/pubmed/17401004
https://doi.org/10.1002/14651858.CD010511.pub2
https://doi.org/10.1200/EDBK_236827
https://www.ncbi.nlm.nih.gov/pubmed/31099690
https://doi.org/10.1111/nyas.13677
https://www.ncbi.nlm.nih.gov/pubmed/30269318
https://doi.org/10.1245/s10434-019-07966-9
https://doi.org/10.1177/0218492317731389
https://www.ncbi.nlm.nih.gov/pubmed/28871799
https://doi.org/10.1002/14651858.CD011390.pub2
https://www.ncbi.nlm.nih.gov/pubmed/27030301
https://doi.org/10.1007/s00104-016-0200-7
https://www.ncbi.nlm.nih.gov/pubmed/27470056
https://doi.org/10.1016/j.bpg.2018.11.004
https://www.ncbi.nlm.nih.gov/pubmed/30551860
https://doi.org/10.21614/chirurgia.113.1.19
https://www.ncbi.nlm.nih.gov/pubmed/29509529
https://doi.org/10.1016/j.bpg.2018.11.001
https://doi.org/10.1159/000497456
https://doi.org/10.1186/s12957-016-1062-7
https://doi.org/10.5090/kjtcs.2020.53.4.152
https://doi.org/10.21037/jtd-2019-pro-09
https://doi.org/10.1093/jnci/djv043
https://doi.org/10.2147/OTT.S169488
https://www.ncbi.nlm.nih.gov/pubmed/30275710
https://doi.org/10.1631/jzus.B1800329
https://www.ncbi.nlm.nih.gov/pubmed/30178638
https://doi.org/10.3748/wjg.v21.i45.12873
https://www.ncbi.nlm.nih.gov/pubmed/26668512


Curr. Oncol. 2023, 30 9563

35. Markar, S.; Santoni, G.; Maret-Ouda, J.; Lagergren, J. Hospital volume of esophageal cancer surgery in relation to outcomes from
primary anti-reflux surgery. Dis. Esophagus 2021, 34, doaa075. [CrossRef]

36. Chang, D.; Church, J. Evaluating the health-related quality of life of esophageal cancer patients. Pract. Radiat. Oncol. 2014,
4, 181–186. [CrossRef]

37. Gockel, I.; Niebisch, S.; Ahlbrand, C.J.; Hoffmann, C.; Möhler, M.; Düber, C.; Lang, H.; Heid, F. Risk and Complication
Management in Esophageal Cancer Surgery: A Review of the Literature. Thorac. Cardiovasc. Surg. 2016, 64, 596–605. [CrossRef]

38. Mafune, T.; Mikami, S.; Otsubo, T.; Saji, O.; Matsushita, T.; Enomoto, T.; Maki, F.; Tochimoto, S. An Investigation of Factors Related
to Food Intake Ability and Swallowing Difficulty After Surgery for Thoracic Esophageal Cancer. Dysphagia 2019, 34, 592–599.
[CrossRef]

39. Takatsu, J.; Higaki, E.; Hosoi, T.; Yoshida, M.; Yamamoto, M.; Abe, T.; Shimizu, Y. Clinical benefits of a swallowing intervention
for esophageal cancer patients after esophagectomy. Dis. Esophagus 2021, 34, doaa094. [CrossRef]

40. Buckle, G.C.; Mahapatra, R.; Mwachiro, M.; Akoko, L.; Mmbaga, E.J.; White, R.E.; Bent, S.; Van Loon, K. Optimal management of
esophageal cancer in Africa: A systemic review of treatment strategies. Int. J. Cancer 2021, 148, 1115–1131. [CrossRef]

41. Jacobs, M.; Macefield, R.C.; Elbers, R.G.; Sitnikova, K.; Korfage, I.J.; Smets, E.M.; Henselmans, I.; van Berge Henegouwen, M.I.; de
Haes, J.C.; Blazeby, J.M.; et al. Meta-analysis shows clinically relevant and long-lasting deterioration in health-related quality of
life after esophageal cancer surgery. Qual. Life Res. 2014, 23, 1097–1115. [CrossRef]

42. Schlottmann, F.; Strassle, P.D.; Nayyar, A.; Herbella, F.A.M.; Cairns, B.A.; Patti, M.G. Postoperative outcomes of esophagectomy
for cancer in elderly patients. J. Surg. Res. 2018, 229, 9–14. [CrossRef] [PubMed]

43. Kauppila, J.H.; Lagergren, J. The surgical management of esophago-gastric junctional cancer. Surg. Oncol. 2016, 25, 394–400.
[CrossRef] [PubMed]

44. Mönig, S.P.; Chevallay, M.; Niclauss, N.; Toso, C.; Frossard, J.L.; Koessler, T.; Jung, M.K. Esophageal and esophago-gastric junction
cancer : Management and multimodal treatment. Rev. Med. Suisse 2020, 16, 1292–1299.

45. Haverkamp, L.; Seesing, M.F.; Ruurda, J.P.; Boone, J.; Hillegersberg, R.V. Worldwide trends in surgical techniques in the treatment
of esophageal and gastroesophageal junction cancer. Dis. Esophagus 2017, 30, 1–7. [CrossRef] [PubMed]

46. Xu, Q.-L.; Li, H.; Zhu, Y.-J.; Xu, G. The treatments and postoperative complications of esophageal cancer: A review. J. Cardiothorac.
Surg. 2020, 15, 163. [CrossRef]

47. Kim, H.K.; Ko, W.J.; Kwon, C.-I.; Song, G.W.; Yoo, I.K.; Song, J.H.; Kim, H.S.; Cho, J.Y. Endoscopic Submucosal Dissection
Followed by Concurrent Chemoradiotherapy in Patients with Early Esophageal Cancer with a High Risk of Lymph Node
Metastasis. Clin. Endosc. 2019, 52, 502–505. [CrossRef]

48. Li, Q.; Zhong, Y.; Chen, W.; He, M.J.; Zhou, P.H. New Endoscopic Diagnosis and Treatment Options for Early Esophageal Cancer.
J. Gastroint. Dig. Syst. 2012, 2, 2. [CrossRef]

49. Naveed, M.; Kubiliun, N. Endoscopic Treatment of Early-Stage Esophageal Cancer. Curr. Oncol. Rep. 2018, 20, 71. [CrossRef]
50. Harada, K.; Rogers, J.E.; Iwatsuki, M.; Yamashita, K.; Baba, H.; Ajani, J.A. Recent advances in treating oesophageal cancer.

F1000Research 2020, 9, 1189. [CrossRef]
51. Berger, A.; Rahmi, G.; Perrod, G.; Pioche, M.; Canard, J.M.; Cesbron-Métivier, E.; Boursier, J.; Samaha, E.; Vienne, A.; Lépilliez, V.;

et al. Long-term follow-up after endoscopic resection for superficial esophageal squamous cell carcinoma: A multicenter Western
study. Endoscopy 2019, 51, 298–306. [CrossRef]

52. Sami, S.S.; Subramanian, V.; Butt, W.M.; Bejkar, G.; Coleman, J.; Mannath, J.; Ragunath, K. High definition versus standard
definition white light endoscopy for detecting dysplasia in patients with Barrett’s esophagus. Dis. Esophagus 2015, 28, 742–749.
[CrossRef]

53. Ahmed, O.; Ajani, J.A.; Lee, J.H. Endoscopic management of esophageal cancer. World J. Gastrointest. Oncol. 2019, 11, 830–841.
[CrossRef] [PubMed]

54. Mocanu, A.; Bârla, R.; Hoara, P.; Constantinoiu, S. Endoscopic palliation of advanced esophageal cancer. J. Med. Life 2015,
8, 193–201. [PubMed]

55. Fokas, E.; Rödel, C. Definitive, Preoperative, and Palliative Radiation Therapy of Esophageal Cancer. Visc. Med. 2015, 31, 347–353.
[CrossRef]

56. Kruszewski, W. Endoscopic methods in the treatment of early-stage esophageal cancer. Videosurg. Other Miniinvasive Tech. 2014,
9, 125–130. [CrossRef] [PubMed]

57. Inoue, H.; Endo, M.; Takeshita, K.; Yoshino, K.; Muraoka, Y.; Yoneshima, H. A new simplified technique of endoscopic esophageal
mucosal resection using a cap-fitted panendoscope (EMRC). Surg. Endosc. 1992, 6, 264–265. [CrossRef]

58. Soehendra, N.; Seewald, S.; Groth, S.; Omar, S.; Seitz, U.; Zhong, Y.; de Weerth, A.; Thonke, F.; Schroeder, S. Use of modified
multiband ligator facilitates circumferential EMR in Barrett’s esophagus (with video). Gastrointest. Endosc. 2006, 63, 847–852.
[CrossRef]

59. Di Pietro, M.; Canto, M.I.; Fitzgerald, R.C. Endoscopic Management of Early Adenocarcinoma and Squamous Cell Carcinoma of
the Esophagus: Screening, Diagnosis, and Therapy. Gastroenterology 2018, 154, 421–436. [CrossRef]

60. Ning, B.; Abdelfatah, M.M.; Othman, M.O. Endoscopic submucosal dissection and endoscopic mucosal resection for early stage
esophageal cancer. Ann. Cardiothorac. Surg. 2017, 6, 88–98. [CrossRef]

61. Aadam, A.A.; Abe, S. Endoscopic submucosal dissection for superficial esophageal cancer. Dis. Esophagus 2018, 31, doy021.
[CrossRef]

https://doi.org/10.1093/dote/doaa075
https://doi.org/10.1016/j.prro.2013.07.009
https://doi.org/10.1055/s-0034-1399763
https://doi.org/10.1007/s00455-019-10010-3
https://doi.org/10.1093/dote/doaa094
https://doi.org/10.1002/ijc.33299
https://doi.org/10.1007/s11136-013-0545-z
https://doi.org/10.1016/j.jss.2018.03.050
https://www.ncbi.nlm.nih.gov/pubmed/29937021
https://doi.org/10.1016/j.suronc.2016.09.004
https://www.ncbi.nlm.nih.gov/pubmed/27916171
https://doi.org/10.1111/dote.12480
https://www.ncbi.nlm.nih.gov/pubmed/27001442
https://doi.org/10.1186/s13019-020-01202-2
https://doi.org/10.5946/ce.2018.176
https://doi.org/10.4172/2161-069X.1000108
https://doi.org/10.1007/s11912-018-0713-y
https://doi.org/10.12688/f1000research.22926.1
https://doi.org/10.1055/a-0732-5317
https://doi.org/10.1111/dote.12283
https://doi.org/10.4251/wjgo.v11.i10.830
https://www.ncbi.nlm.nih.gov/pubmed/31662822
https://www.ncbi.nlm.nih.gov/pubmed/25866578
https://doi.org/10.1159/000440638
https://doi.org/10.5114/wiitm.2014.41620
https://www.ncbi.nlm.nih.gov/pubmed/25097676
https://doi.org/10.1007/BF02498820
https://doi.org/10.1016/j.gie.2005.06.052
https://doi.org/10.1053/j.gastro.2017.07.041
https://doi.org/10.21037/acs.2017.03.15
https://doi.org/10.1093/dote/doy021


Curr. Oncol. 2023, 30 9564

62. Nishizawa, T.; Suzuki, H. Long-Term Outcomes of Endoscopic Submucosal Dissection for Superficial Esophageal Squamous Cell
Carcinoma. Cancers 2020, 12, 2849. [CrossRef] [PubMed]

63. Guo, H.M.; Zhang, X.Q.; Chen, M.; Huang, S.L.; Zou, X.P. Endoscopic submucosal dissection vs endoscopic mucosal resection for
superficial esophageal cancer. World J. Gastroenterol. 2014, 20, 5540–5547. [CrossRef] [PubMed]

64. Probst, A.; Aust, D.; Märkl, B.; Anthuber, M.; Messmann, H. Early esophageal cancer in Europe: Endoscopic treatment by
endoscopic submucosal dissection. Endoscopy 2015, 47, 113–121. [CrossRef]

65. Pimentel-Nunes, P.; Dinis-Ribeiro, M.; Ponchon, T.; Repici, A.; Vieth, M.; De Ceglie, A.; Amato, A.; Berr, F.; Bhandari, P.; Bialek, A.;
et al. Endoscopic submucosal dissection: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2015,
47, 829–854. [CrossRef] [PubMed]

66. Kim, J.A.; Shah, P.M. Screening and prevention strategies and endoscopic management of early esophageal cancer. Chin. Clin.
Oncol. 2017, 6, 50. [CrossRef]

67. Tuttle, R.; Nurkin, S.J.; Hochwald, S.N. Ablative therapy for esophageal dysplasia and early malignancy: Focus on RFA. Biomed.
Res. Int. 2014, 2014, 642063. [CrossRef]

68. Belghazi, K.; Bergman, J.; Pouw, R.E. Endoscopic Resection and Radiofrequency Ablation for Early Esophageal Neoplasia. Dig.
Dis. 2016, 34, 469–475. [CrossRef]

69. Yano, T.; Hatogai, K.; Morimoto, H.; Yoda, Y.; Kaneko, K. Photodynamic therapy for esophageal cancer. Ann. Transl. Med. 2014,
2, 29. [CrossRef]

70. Wu, H.; Minamide, T.; Yano, T. Role of photodynamic therapy in the treatment of esophageal cancer. Dig. Endosc. 2019,
31, 508–516. [CrossRef]

71. Lal, P.; Thota, P.N. Cryotherapy in the management of premalignant and malignant conditions of the esophagus. World J.
Gastroenterol. 2018, 24, 4862–4869. [CrossRef]

72. Dhaliwal, A.; Saghir, S.M.; Mashiana, H.S.; Braseth, A.; Dhindsa, B.S.; Ramai, D.; Taunk, P.; Gomez-Esquivel, R.; Dam, A.;
Klapman, J.; et al. Endoscopic cryotherapy: Indications, techniques, and outcomes involving the gastrointestinal tract. World J.
Gastrointest. Endosc. 2022, 14, 17–28. [CrossRef]

73. Hanada, Y.; Leggett, C.L.; Iyer, P.G.; Linn, B.; Mangels-Dick, T.; Wang, K.K. Spray cryotherapy prevents need for palliative
stenting in patients with esophageal cancer-associated dysphagia. Dis. Esophagus 2021, 35, doab051. [CrossRef] [PubMed]

74. American Cancer Society Medical Information: Chemotherapy for Esophageal Cancer. Available online: https://www.cancer.
org/cancer/esophagus-cancer/treating/chemotherapy.html (accessed on 25 August 2023).

75. Radiological Society of North America: Esophageal Cancer. Available online: https://www.radiologyinfo.org/en/info/
esophageal-cancer (accessed on 1 September 2023).

76. Ma, M.W.; Gao, X.S.; Gu, X.B.; Xie, M.; Cui, M.; Zhang, M.; Liu, L.; Yin, H.; Chen, L.Q. The role of definitive chemoradiotherapy
versus surgery as initial treatments for potentially resectable esophageal carcinoma. World J. Surg. Oncol. 2018, 16, 018–1470.
[CrossRef]

77. Cleveland Clinic: Esophageal Cancer. Available online: https://my.clevelandclinic.org/health/diseases/6137-esophageal-cancer
(accessed on 19 August 2023).

78. Li, Q.-Q.; Liu, M.-Z.; Hu, Y.-H.; Liu, H.; He, Z.-Y.; Lin, H.-X. Definitive concomitant chemoradiotherapy with docetaxel and
cisplatin in squamous esopheageal carcinoma. Dis. Esophagus 2010, 23, 253–259. [CrossRef]

79. Herskovic, A.; Martz, K.; Al-Sarraf, M.; Leichman, L.; Brindle, J.; Vaitkevicius, V.; Cooper, J.; Byhardt, R.; Davis, L.; Emami, B.
Combined Chemotherapy and Radiotherapy Compared with Radiotherapy Alone in Patients with Cancer of the Esophagus. N.
Engl. J. Med. 1992, 326, 1593–1598. [CrossRef] [PubMed]

80. Conroy, T.; Galais, M.-P.; Raoul, J.-L.; Bouché, O.; Gourgou-Bourgade, S.; Douillard, J.-Y.; Etienne, P.-L.; Boige, V.; Martel-Lafay,
I.; Michel, P.; et al. Definitive chemoradiotherapy with FOLFOX versus fluorouracil and cisplatin in patients with oesophageal
cancer (PRODIGE5/ACCORD17): Final results of a randomised, phase 2/3 trial. Lancet Oncol. 2014, 15, 305–314. [CrossRef]

81. Cooper, J.S.; Guo, M.D.; Herskovic, A.; Macdonald, J.S.; Martenson, J.; James, A.; Al-Sarraf, M.; Byhardt, R.; Russell, A.H.; Beitler,
J.J.; et al. Chemoradiotherapy of Locally Advanced Esophageal CancerLong-term Follow-up of a Prospective Randomized Trial
(RTOG 85-01). JAMA 1999, 281, 1623–1627. [CrossRef] [PubMed]

82. Shapiro, J.; van Lanschot, J.J.B.; Hulshof, M.C.C.M.; van Hagen, P.; van Berge Henegouwen, M.I.; Wijnhoven, B.P.L.; van
Laarhoven, H.W.M.; Nieuwenhuijzen, G.A.P.; Hospers, G.A.P.; Bonenkamp, J.J.; et al. Neoadjuvant chemoradiotherapy plus
surgery versus surgery alone for oesophageal or junctional cancer (CROSS): Long-term results of a randomised controlled trial.
Lancet Oncol. 2015, 16, 1090–1098. [CrossRef]

83. Lin, S.H.; Wang, L.; Myles, B.; Thall, P.F.; Hofstetter, W.L.; Swisher, S.G.; Ajani, J.A.; Cox, J.D.; Komaki, R.; Liao, Z. Propensity Score-
based Comparison of Long-term Outcomes With 3-Dimensional Conformal Radiotherapy vs Intensity-Modulated Radiotherapy
for Esophageal Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2012, 84, 1078–1085. [CrossRef]

84. Wang, D.; Yang, Y.; Zhu, J.; Li, B.; Chen, J.; Yin, Y. 3D-Conformal RT, Fixed-Field IMRT and RapidArc, Which One is Better for
Esophageal Carcinoma Treated with Elective Nodal Irradiation. Technol. Cancer Res. Treat. 2011, 10, 487–494. [CrossRef]

85. Vivekanandan, N.; Sriram, P.; Syam Kumar, S.A.; Bhuvaneswari, N.; Saranya, K. Volumetric modulated arc radiotherapy for
esophageal cancer. Med. Dosim. 2012, 37, 108–113. [CrossRef] [PubMed]

86. Zhang, W.-Z.; Zhai, T.-T.; Lu, J.-Y.; Chen, J.-Z.; Chen, Z.-J.; Li, D.-R.; Chen, C.-Z. Volumetric Modulated Arc Therapy vs. c-IMRT
for the Treatment of Upper Thoracic Esophageal Cancer. PLoS ONE 2015, 10, e0121385. [CrossRef]

https://doi.org/10.3390/cancers12102849
https://www.ncbi.nlm.nih.gov/pubmed/33023117
https://doi.org/10.3748/wjg.v20.i18.5540
https://www.ncbi.nlm.nih.gov/pubmed/24833885
https://doi.org/10.1055/s-0034-1391086
https://doi.org/10.1055/s-0034-1392882
https://www.ncbi.nlm.nih.gov/pubmed/26317585
https://doi.org/10.21037/cco.2017.09.05
https://doi.org/10.1155/2014/642063
https://doi.org/10.1159/000445221
https://doi.org/10.3978/j.issn.2305-5839.2014.03.01
https://doi.org/10.1111/den.13353
https://doi.org/10.3748/wjg.v24.i43.4862
https://doi.org/10.4253/wjge.v14.i1.17
https://doi.org/10.1093/dote/doab051
https://www.ncbi.nlm.nih.gov/pubmed/34318325
https://www.cancer.org/cancer/esophagus-cancer/treating/chemotherapy.html
https://www.cancer.org/cancer/esophagus-cancer/treating/chemotherapy.html
https://www.radiologyinfo.org/en/info/esophageal-cancer
https://www.radiologyinfo.org/en/info/esophageal-cancer
https://doi.org/10.1186/s12957-018-1470-y
https://my.clevelandclinic.org/health/diseases/6137-esophageal-cancer
https://doi.org/10.1111/j.1442-2050.2009.01003.x
https://doi.org/10.1056/NEJM199206113262403
https://www.ncbi.nlm.nih.gov/pubmed/1584260
https://doi.org/10.1016/S1470-2045(14)70028-2
https://doi.org/10.1001/jama.281.17.1623
https://www.ncbi.nlm.nih.gov/pubmed/10235156
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1016/j.ijrobp.2012.02.015
https://doi.org/10.7785/tcrt.2012.500225
https://doi.org/10.1016/j.meddos.2011.01.008
https://www.ncbi.nlm.nih.gov/pubmed/21940159
https://doi.org/10.1371/journal.pone.0121385


Curr. Oncol. 2023, 30 9565

87. Ogitani, Y.; Aida, T.; Hagihara, K.; Yamaguchi, J.; Ishii, C.; Harada, N.; Soma, M.; Okamoto, H.; Oitate, M.; Arakawa, S.; et al.
DS-8201a, A Novel HER2-Targeting ADC with a Novel DNA Topoisomerase I Inhibitor, Demonstrates a Promising Antitumor
Efficacy with Differentiation from T-DM1. Clin. Cancer Res. 2016, 22, 5097–5108. [CrossRef]

88. Fatehi Hassanabad, A.; Chehade, R.; Breadner, D.; Raphael, J. Esophageal carcinoma: Towards targeted therapies. Cell Oncol.
2020, 43, 195–209. [CrossRef] [PubMed]

89. Pozzi, V.; Campagna, R.; Sartini, D.; Emanuelli, M. Nicotinamide N-Methyltransferase as Promising Tool for Management of
Gastrointestinal Neoplasms. Biomolecules 2022, 12, 1173. [CrossRef]

90. Van Haren, M.J.; Zhang, Y.; Thijssen, V.; Buijs, N.; Gao, Y.; Mateuszuk, L.; Fedak, F.A.; Kij, A.; Campagna, R.; Sartini, D.; et al.
Macrocyclic peptides as allosteric inhibitors of nicotinamide N-methyltransferase (NNMT). RSC Chem. Biol. 2021, 2, 1546–1555.
[CrossRef]

91. Abdo, J.; Agrawal, D.K.; Mittal, S.K. “Targeted” Chemotherapy for Esophageal Cancer. Front. Oncol. 2017, 7, 63. [CrossRef]
92. Bang, Y.J.; Van Cutsem, E.; Feyereislova, A.; Chung, H.C.; Shen, L.; Sawaki, A.; Lordick, F.; Ohtsu, A.; Omuro, Y.; Satoh, T.; et al.

Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric
or gastro-oesophageal junction cancer (ToGA): A phase 3, open-label, randomised controlled trial. Lancet 2010, 376, 687–697.
[CrossRef]

93. Van Cutsem, E.; Bang, Y.J.; Feng-Yi, F.; Xu, J.M.; Lee, K.W.; Jiao, S.C.; Chong, J.L.; López-Sanchez, R.I.; Price, T.; Gladkov, O.;
et al. HER2 screening data from ToGA: Targeting HER2 in gastric and gastroesophageal junction cancer. Gastric Cancer 2015,
18, 476–484. [CrossRef]

94. Almhanna, K.; Meredith, K.L.; Hoffe, S.E.; Shridhar, R.; Coppola, D. Targeting the human epidermal growth factor receptor 2 in
esophageal cancer. Cancer Control 2013, 20, 111–116. [CrossRef]

95. Iqbal, N.; Iqbal, N. Human Epidermal Growth Factor Receptor 2 (HER2) in Cancers: Overexpression and Therapeutic Implications.
Mol. Biol. Int. 2014, 2014, 852748. [CrossRef] [PubMed]

96. Gowryshankar, A.; Nagaraja, V.; Eslick, G.D. HER2 status in Barrett’s esophagus & esophageal cancer: A meta analysis. J.
Gastrointest. Oncol. 2014, 5, 25–35. [CrossRef] [PubMed]

97. Zhao, D.; Klempner, S.J.; Chao, J. Progress and challenges in HER2-positive gastroesophageal adenocarcinoma. J. Hematol. Oncol.
2019, 12, 50. [CrossRef] [PubMed]

98. Doi, T.; Shitara, K.; Naito, Y.; Shimomura, A.; Fujiwara, Y.; Yonemori, K.; Shimizu, C.; Shimoi, T.; Kuboki, Y.; Matsubara, N.;
et al. Safety, pharmacokinetics, and antitumour activity of trastuzumab deruxtecan (DS-8201), a HER2-targeting antibody-drug
conjugate, in patients with advanced breast and gastric or gastro-oesophageal tumours: A phase 1 dose-escalation study. Lancet
Oncol. 2017, 18, 1512–1522. [CrossRef] [PubMed]

99. Wagner, A.D.; Grabsch, H.I.; Mauer, M.; Marreaud, S.; Caballero, C.; Thuss-Patience, P.; Mueller, L.; Elme, A.; Moehler, M.H.;
Martens, U.; et al. EORTC-1203-GITCG—The “INNOVATION”-trial: Effect of chemotherapy alone versus chemotherapy plus
trastuzumab, versus chemotherapy plus trastuzumab plus pertuzumab, in the perioperative treatment of HER2 positive, gastric
and gastroesophageal junction adenocarcinoma on pathologic response rate: A randomized phase II-intergroup trial of the
EORTC-Gastrointestinal Tract Cancer Group, Korean Cancer Study Group and Dutch Upper GI-Cancer group. BMC Cancer 2019,
19, 494. [CrossRef]

100. Gerson, J.N.; Skariah, S.; Denlinger, C.S.; Astsaturov, I. Perspectives of HER2-targeting in gastric and esophageal cancer. Expert.
Opin. Investig. Drugs 2017, 26, 531–540. [CrossRef]

101. Chong, C.R.; Jänne, P.A. The quest to overcome resistance to EGFR-targeted therapies in cancer. Nat. Med. 2013, 19, 1389–1400.
[CrossRef]

102. Yamaoka, T.; Ohba, M.; Ohmori, T. Molecular-Targeted Therapies for Epidermal Growth Factor Receptor and Its Resistance
Mechanisms. Int. J. Mol. Sci. 2017, 18, 2420. [CrossRef]

103. Huang, Z.H.; Ma, X.W.; Zhang, J.; Li, X.; Lai, N.L.; Zhang, S.X. Cetuximab for esophageal cancer: An updated meta-analysis of
randomized controlled trials. BMC Cancer 2018, 18, 1170. [CrossRef]

104. Ruhstaller, T.; Thuss-Patience, P.; Hayoz, S.; Schacher, S.; Knorrenschild, J.R.; Schnider, A.; Plasswilm, L.; Budach, W.; Eisterer, W.;
Hawle, H.; et al. Neoadjuvant chemotherapy followed by chemoradiation and surgery with and without cetuximab in patients
with resectable esophageal cancer: A randomized, open-label, phase III trial (SAKK 75/08). Ann. Oncol. 2018, 29, 1386–1393.
[CrossRef]

105. Rades, D.; Bartscht, T.; Hunold, P.; Schmidberger, H.; König, L.; Debus, J.; Belka, C.; Homann, N.; Spillner, P.; Petersen, C.; et al.
Radiochemotherapy with or without cetuximab for unresectable esophageal cancer: Final results of a randomized phase 2 trial
(LEOPARD-2). Strahlenther. Und Onkol. 2020, 196, 795–804. [CrossRef] [PubMed]

106. Zhang, X.; Jia, J.; Lu, M.; Wang, X.; Gong, J.; Li, J.; Li, J.; Li, Y.; Zhang, X.; Lu, Z.; et al. Nimotuzumab Plus Paclitaxel and
Cisplatin as a 1(st)-Line Treatment for Esophageal Cancer: Long Term Follow-up of a Phase II Study. J. Cancer 2019, 10, 1409–1416.
[CrossRef] [PubMed]

107. Qi, S.; Mao, Y.; Jiang, M. A phase I study evaluating combined nimotuzumab and neoadjuvant chemoradiotherapy followed by
surgery in locally advanced esophageal cancer. Cancer Chemother. Pharmacol. 2019, 84, 1115–1123. [CrossRef] [PubMed]

108. Han, X.; Lu, N.; Pan, Y.; Xu, J. Nimotuzumab Combined with Chemotherapy is a Promising Treatment for Locally Advanced and
Metastatic Esophageal Cancer. Med. Sci. Monit. 2017, 23, 412–418. [CrossRef]

https://doi.org/10.1158/1078-0432.CCR-15-2822
https://doi.org/10.1007/s13402-019-00488-2
https://www.ncbi.nlm.nih.gov/pubmed/31848929
https://doi.org/10.3390/biom12091173
https://doi.org/10.1039/D1CB00134E
https://doi.org/10.3389/fonc.2017.00063
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1007/s10120-014-0402-y
https://doi.org/10.1177/107327481302000204
https://doi.org/10.1155/2014/852748
https://www.ncbi.nlm.nih.gov/pubmed/25276427
https://doi.org/10.3978/j.issn.2078-6891.2013.039
https://www.ncbi.nlm.nih.gov/pubmed/24490040
https://doi.org/10.1186/s13045-019-0737-2
https://www.ncbi.nlm.nih.gov/pubmed/31101074
https://doi.org/10.1016/S1470-2045(17)30604-6
https://www.ncbi.nlm.nih.gov/pubmed/29037983
https://doi.org/10.1186/s12885-019-5675-4
https://doi.org/10.1080/13543784.2017.1315406
https://doi.org/10.1038/nm.3388
https://doi.org/10.3390/ijms18112420
https://doi.org/10.1186/s12885-018-5040-z
https://doi.org/10.1093/annonc/mdy105
https://doi.org/10.1007/s00066-020-01646-4
https://www.ncbi.nlm.nih.gov/pubmed/32533228
https://doi.org/10.7150/jca.28659
https://www.ncbi.nlm.nih.gov/pubmed/31031851
https://doi.org/10.1007/s00280-019-03944-w
https://www.ncbi.nlm.nih.gov/pubmed/31502113
https://doi.org/10.12659/MSM.902645


Curr. Oncol. 2023, 30 9566

109. Kleespies, A.; Guba, M.; Jauch, K.W.; Bruns, C.J. Vascular endothelial growth factor in esophageal cancer. J. Surg. Oncol. 2004,
87, 95–104. [CrossRef] [PubMed]

110. Peng, J.; Shao, N.; Peng, H.; Chen, L.Q. Prognostic significance of vascular endothelial growth factor expression in esophageal
carcinoma: A meta-analysis. J. Buon 2013, 18, 398–406.

111. Khan, U.; Shah, M.A. Ramucirumab for the treatment of gastric or gastro-esophageal junction cancer. Expert. Opin. Biol. Ther.
2019, 19, 1135–1141. [CrossRef]

112. Vennepureddy, A.; Singh, P.; Rastogi, R.; Atallah, J.P.; Terjanian, T. Evolution of ramucirumab in the treatment of cancer—A
review of literature. J. Oncol. Pharm. Pract. 2017, 23, 525–539. [CrossRef] [PubMed]

113. Abbas, G.; Krasna, M. Overview of esophageal cancer. Ann. Cardiothorac. Surg. 2017, 6, 131–136. [CrossRef]
114. De Mello, R.A.; Lordick, F.; Muro, K.; Janjigian, Y.Y. Current and Future Aspects of Immunotherapy for Esophageal and Gastric

Malignancies. Am. Soc. Clin. Oncol. Educ. Book. 2019, 39, 237–247. [CrossRef]
115. Gajewski, T.F.; Schreiber, H.; Fu, Y.X. Innate and adaptive immune cells in the tumor microenvironment. Nat. Immunol. 2013,

14, 1014–1022. [CrossRef]
116. Sharma, P.; Allison, J.P. The future of immune checkpoint therapy. Science 2015, 348, 56–61. [CrossRef] [PubMed]
117. Topalian, S.L.; Drake, C.G.; Pardoll, D.M. Immune checkpoint blockade: A common denominator approach to cancer therapy.

Cancer Cell 2015, 27, 450–461. [CrossRef] [PubMed]
118. Ricklefs, F.L.; Alayo, Q.; Krenzlin, H.; Mahmoud, A.B.; Speranza, M.C.; Nakashima, H.; Hayes, J.L.; Lee, K.; Balaj, L.; Passaro, C.;

et al. Immune evasion mediated by PD-L1 on glioblastoma-derived extracellular vesicles. Sci. Adv. 2018, 4, eaar2766. [CrossRef]
[PubMed]

119. Shi, T.; Ma, Y.; Yu, L.; Jiang, J.; Shen, S.; Hou, Y.; Wang, T. Cancer immunotherapy: A focus on the regulation of immune
checkpoints. Int. J. Mol. Sci. 2018, 19, 1389. [CrossRef] [PubMed]

120. Kim, E.S.; Kim, J.E.; Patel, M.A.; Mangraviti, A.; Ruzevick, J.; Lim, M.J.J.o.i.r. Immune checkpoint modulators: An emerging
antiglioma armamentarium. J. Immunol. Res. 2016, 2016, 4683607. [CrossRef]

121. Pardoll, D.M. The blockade of immune checkpoints in cancer immunotherapy. Cancer 2012, 12, 252–264. [CrossRef]
122. Vivaldi, C.; Catanese, S.; Massa, V.; Pecora, I.; Salani, F.; Santi, S.; Lencioni, M.; Vasile, E.; Falcone, A.; Fornaro, L. Immune

checkpoint inhibitors in esophageal cancers: Are we finally finding the right path in the mist? Int. J. Mol. Sci. 2020, 21, 1658.
[CrossRef]

123. Kojima, T.; Shah, M.A.; Muro, K.; Francois, E.; Adenis, A.; Hsu, C.-H.; Doi, T.; Moriwaki, T.; Kim, S.-B.; Lee, S.-H.; et al.
Randomized Phase III KEYNOTE-181 Study of Pembrolizumab Versus Chemotherapy in Advanced Esophageal Cancer. J. Clin.
Oncol. 2020, 38, 4138–4148. [CrossRef] [PubMed]

124. Goode, E.F.; Smyth, E.C. Immunotherapy for Gastroesophageal Cancer. J. Clin. Med. 2016, 5, 84. [CrossRef]
125. Patel, S.P.; Kurzrock, R. PD-L1 Expression as a Predictive Biomarker in Cancer Immunotherapy. Mol. Cancer Ther. 2015,

14, 847–856. [CrossRef]
126. Marchetti, A.; Di Lorito, A.; Buttitta, F. Why anti-PD1/PDL1 therapy is so effective? Another piece in the puzzle. J. Thorac. Dis.

2017, 9, 4863. [CrossRef]
127. Joshi, S.S.; Maron, S.B.; Catenacci, D.V. Pembrolizumab for treatment of advanced gastric and gastroesophageal junction

adenocarcinoma. Future Oncol. 2018, 14, 417–430. [CrossRef] [PubMed]
128. Fuchs, C.S.; Doi, T.; Jang, R.W.; Muro, K.; Satoh, T.; Machado, M.; Sun, W.; Jalal, S.I.; Shah, M.A.; Metges, J.P.; et al. Safety and

Efficacy of Pembrolizumab Monotherapy in Patients With Previously Treated Advanced Gastric and Gastroesophageal Junction
Cancer: Phase 2 Clinical KEYNOTE-059 Trial. JAMA Oncol. 2018, 4, e180013. [CrossRef] [PubMed]

129. Jin, Z.; Shen, J.; Wang, C.; Chen, D.; Zhang, B.; Zhang, J.; Ajani, J.A.; Bennouna, J.; Chao, J.; Yoon, H.H.; et al. Narrative review
of pembrolizumab for the treatment of esophageal cancer: Evidence and outlook. Ann. Transl. Med. 2021, 9, 1189. [CrossRef]
[PubMed]

130. Maleki Vareki, S.; Garrigós, C.; Duran, I. Biomarkers of response to PD-1/PD-L1 inhibition. Crit. Rev. Oncol. Hematol. 2017, 116,
116–124. [CrossRef] [PubMed]

131. Thompson, J.A.; Schneider, B.J.; Brahmer, J.; Andrews, S.; Armand, P.; Bhatia, S.; Budde, L.E.; Costa, L.; Davies, M.; Dunnington,
D.; et al. Management of Immunotherapy-Related Toxicities, Version 1.2019. J. Natl. Compr. Canc Netw. 2019, 17, 255–289.
[CrossRef]

132. Kennedy, L.B.; Salama, A.K.S. A review of cancer immunotherapy toxicity. CA Cancer J. Clin. 2020, 70, 86–104. [CrossRef]
133. Reid, P.D.; Cifu, A.S.; Bass, A.R. Management of Immunotherapy-Related Toxicities in Patients Treated With Immune Checkpoint

Inhibitor Therapy. JAMA 2021, 325, 482–483. [CrossRef]
134. Rice, T.W.; Rusch, V.W.; Ishwaran, H.; Blackstone, E.H. Cancer of the esophagus and esophagogastric junction: Data-driven

staging for the seventh edition of the American Joint Committee on Cancer/International Union Against Cancer Cancer Staging
Manuals. Cancer 2010, 116, 3763–3773. [CrossRef]

135. Berry, M.F. Esophageal cancer: Staging system and guidelines for staging and treatment. J. Thorac. Dis. 2014, 6 (Suppl.
S3), S289–S297. [CrossRef]

136. Shi, G.D.; Luo, Z.L.; Fu, M.Y.; Tian, D.; Zhang, L.; Zhang, K.P. Evaluation of the value of 7th editions of UICC-AJCC esophageal
and gastric cancer TNM staging systems for prognostic prediction of adenocarcinoma of esophagogastric junction (Siewert type
II). Zhonghua Zhong Liu Za Zhi 2014, 36, 916–921. [CrossRef] [PubMed]

https://doi.org/10.1002/jso.20070
https://www.ncbi.nlm.nih.gov/pubmed/15282704
https://doi.org/10.1080/14712598.2019.1656715
https://doi.org/10.1177/1078155216655474
https://www.ncbi.nlm.nih.gov/pubmed/27306885
https://doi.org/10.21037/acs.2017.03.03
https://doi.org/10.1200/EDBK_236699
https://doi.org/10.1038/ni.2703
https://doi.org/10.1126/science.aaa8172
https://www.ncbi.nlm.nih.gov/pubmed/25838373
https://doi.org/10.1016/j.ccell.2015.03.001
https://www.ncbi.nlm.nih.gov/pubmed/25858804
https://doi.org/10.1126/sciadv.aar2766
https://www.ncbi.nlm.nih.gov/pubmed/29532035
https://doi.org/10.3390/ijms19051389
https://www.ncbi.nlm.nih.gov/pubmed/29735917
https://doi.org/10.1155/2016/4683607
https://doi.org/10.1038/nrc3239
https://doi.org/10.3390/ijms21051658
https://doi.org/10.1200/JCO.20.01888
https://www.ncbi.nlm.nih.gov/pubmed/33026938
https://doi.org/10.3390/jcm5100084
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.21037/jtd.2017.11.105
https://doi.org/10.2217/fon-2017-0436
https://www.ncbi.nlm.nih.gov/pubmed/29094609
https://doi.org/10.1001/jamaoncol.2018.0013
https://www.ncbi.nlm.nih.gov/pubmed/29543932
https://doi.org/10.21037/atm-21-2804
https://www.ncbi.nlm.nih.gov/pubmed/34430630
https://doi.org/10.1016/j.critrevonc.2017.06.001
https://www.ncbi.nlm.nih.gov/pubmed/28693793
https://doi.org/10.6004/jnccn.2019.0013
https://doi.org/10.3322/caac.21596
https://doi.org/10.1001/jama.2020.17308
https://doi.org/10.1002/cncr.25146
https://doi.org/10.3978/j.issn.2072-1439.2014.03.11
https://doi.org/10.3760/cma.j.issn.0253-3766.2014.12.008
https://www.ncbi.nlm.nih.gov/pubmed/25623766


Curr. Oncol. 2023, 30 9567

137. Rice, T.W.; Ishwaran, H.; Blackstone, E.H.; Hofstetter, W.L.; Kelsen, D.P.; Apperson-Hansen, C. Recommendations for clinical
staging (cTNM) of cancer of the esophagus and esophagogastric junction for the 8th edition AJCC/UICC staging manuals. Dis.
Esophagus 2016, 29, 913–919. [CrossRef] [PubMed]

138. Greene, F.L.; Balch, C.; Fleming, I.D.; April, F. Eztnm for the Ajcc Cancer Staging Manual; Springer: Berlin/Heidelberg,
Germany, 2003.

139. Maes, S.; Haidry, R.; Bisschops, R. Can the depth of invasion of early esophageal cancer be predicted based on endoscopic
evidence? Minerva Chir. 2018, 73, 385–393. [CrossRef]

140. Suzuki, G.; Yamazaki, H.; Aibe, N.; Masui, K.; Sasaki, N.; Shimizu, D.; Kimoto, T.; Shiozaki, A.; Dohi, O.; Fujiwara, H.; et al.
Endoscopic submucosal dissection followed by chemoradiotherapy for superficial esophageal cancer: Choice of new approach.
Radiat. Oncol. 2018, 13, 246. [CrossRef] [PubMed]

141. Goense, L.; Meziani, J.; Borggreve, A.S.; van Rossum, P.S.; Meijer, G.J.; Ruurda, J.P.; van Hillegersberg, R.; Weusten, B.L. Role of
adjuvant chemoradiotherapy after endoscopic treatment of early-stage esophageal cancer: A systematic review. Minerva Chir.
2018, 73, 428–436. [CrossRef] [PubMed]

142. Tomita, Y.; Moldovan, M.; Chang Lee, R.; Hsieh, A.H.; Townsend, A.; Price, T. Salvage systemic therapy for advanced gastric and
oesophago-gastric junction adenocarcinoma. Cochrane Database Syst. Rev. 2020, 11, Cd012078. [CrossRef]

143. Ronellenfitsch, U.; Schwarzbach, M.; Hofheinz, R.; Kienle, P.; Kieser, M.; Slanger, T.E.; Jensen, K. Perioperative chemo(radio)therapy
versus primary surgery for resectable adenocarcinoma of the stomach, gastroesophageal junction, and lower esophagus. Cochrane
Database Syst. Rev. 2013, 5, Cd008107. [CrossRef]

144. Janmaat, V.T.; Steyerberg, E.W.; van der Gaast, A.; Mathijssen, R.H.; Bruno, M.J.; Peppelenbosch, M.P.; Kuipers, E.J.; Spaander,
M.C. Palliative chemotherapy and targeted therapies for esophageal and gastroesophageal junction cancer. Cochrane Database
Syst. Rev. 2017, 11, Cd004063. [CrossRef]

145. Li, C.; Wang, Z.; Duan, A.; Jiang, Q. Analysis on plausible factors related to the prognosis of stage IV esophageal cancer. Medicine
2020, 99, e18529. [CrossRef]

146. O’Neill, L.; Guinan, E.; Doyle, S.L.; Elliott, J.A.; O’Sullivan, J.; Reynolds, J.V.; Hussey, J. Rehabilitation strategies following
esophageal cancer (the ReStOre trial): A feasibility study. Dis. Esophagus 2017, 30, 1. [CrossRef]

147. Feeney, C.; Reynolds, J.V.; Hussey, J. Preoperative physical activity levels and postoperative pulmonary complications post-
esophagectomy. Dis. Esophagus 2011, 24, 489–494. [CrossRef] [PubMed]

148. Chang, Y.L.; Tsai, Y.F.; Wu, Y.C.; Hsieh, M.J. Factors relating to quality of life after esophagectomy for cancer patients in Taiwan.
Cancer Nurs. 2014, 37, 4–13. [CrossRef] [PubMed]

149. Xu, Y.J.; Cheng, J.C.; Lee, J.M.; Huang, P.M.; Huang, G.H.; Chen, C.C. A Walk-and-Eat Intervention Improves Outcomes for
Patients With Esophageal Cancer Undergoing Neoadjuvant Chemoradiotherapy. Oncologist 2015, 20, 1216–1222. [CrossRef]

150. Yoshida, N.; Baba, Y.; Shigaki, H.; Harada, K.; Iwatsuki, M.; Kurashige, J.; Sakamoto, Y.; Miyamoto, Y.; Ishimoto, T.; Kosumi,
K.; et al. Preoperative Nutritional Assessment by Controlling Nutritional Status (CONUT) is Useful to estimate Postoperative
Morbidity After Esophagectomy for Esophageal Cancer. World J. Surg. 2016, 40, 1910–1917. [CrossRef] [PubMed]

151. Ouattara, M.; D’Journo, X.B.; Loundou, A.; Trousse, D.; Dahan, L.; Doddoli, C.; Seitz, J.F.; Thomas, P.A. Body mass index kinetics
and risk factors of malnutrition one year after radical oesophagectomy for cancer. Eur. J. Cardiothorac. Surg. 2012, 41, 1088–1093.
[CrossRef]

152. Harada, K.; Ida, S.; Baba, Y.; Ishimoto, T.; Kosumi, K.; Tokunaga, R.; Izumi, D.; Ohuchi, M.; Nakamura, K.; Kiyozumi, Y.; et al.
Prognostic and clinical impact of sarcopenia in esophageal squamous cell carcinoma. Dis. Esophagus 2016, 29, 627–633. [CrossRef]
[PubMed]

153. Anandavadivelan, P.; Lagergren, P. Cachexia in patients with oesophageal cancer. Nat. Rev. Clin. Oncol. 2016, 13, 185–198.
[CrossRef] [PubMed]

154. Elliott, J.A.; Doyle, S.L.; Murphy, C.F.; King, S.; Guinan, E.M.; Beddy, P.; Ravi, N.; Reynolds, J.V. Sarcopenia: Prevalence, and
Impact on Operative and Oncologic Outcomes in the Multimodal Management of Locally Advanced Esophageal Cancer. Ann.
Surg. 2017, 266, 822–830. [CrossRef]

155. Low, D.E.; Alderson, D.; Cecconello, I.; Chang, A.C.; Darling, G.E.; D’Journo, X.B.; Griffin, S.M.; Hölscher, A.H.; Hofstetter,
W.L.; Jobe, B.A.; et al. International Consensus on Standardization of Data Collection for Complications Associated With
Esophagectomy: Esophagectomy Complications Consensus Group (ECCG). Ann. Surg. 2015, 262, 286–294. [CrossRef]

156. Lunardi, A.C.; Miranda, C.S.; Silva, K.M.; Cecconello, I.; Carvalho, C.R. Weakness of expiratory muscles and pulmonary
complications in malnourished patients undergoing upper abdominal surgery. Respirology 2012, 17, 108–113. [CrossRef]
[PubMed]

157. Grotenhuis, B.A.; Wijnhoven, B.P.; Grüne, F.; van Bommel, J.; Tilanus, H.W.; van Lanschot, J.J. Preoperative risk assessment and
prevention of complications in patients with esophageal cancer. J. Surg. Oncol. 2010, 101, 270–278. [CrossRef]

158. Low, D.E.; Kuppusamy, M.K.; Alderson, D.; Cecconello, I.; Chang, A.C.; Darling, G.; Davies, A.; D’Journo, X.B.; Gisbertz, S.S.;
Griffin, S.M.; et al. Benchmarking Complications Associated with Esophagectomy. Ann. Surg. 2019, 269, 291–298. [CrossRef]
[PubMed]

159. Rostas, J.W., 3rd; Mai, T.T.; Richards, W.O. Gastric motility physiology and surgical intervention. Surg. Clin. N. Am. 2011,
91, 983–999. [CrossRef] [PubMed]

https://doi.org/10.1111/dote.12540
https://www.ncbi.nlm.nih.gov/pubmed/27905171
https://doi.org/10.23736/S0026-4733.18.07760-X
https://doi.org/10.1186/s13014-018-1195-7
https://www.ncbi.nlm.nih.gov/pubmed/30547811
https://doi.org/10.23736/S0026-4733.18.07763-5
https://www.ncbi.nlm.nih.gov/pubmed/29658684
https://doi.org/10.1002/14651858.CD012078
https://doi.org/10.1002/14651858.CD008107.pub2
https://doi.org/10.1002/14651858.CD004063.pub4
https://doi.org/10.1097/MD.0000000000018529
https://doi.org/10.1093/dote/dow012
https://doi.org/10.1111/j.1442-2050.2010.01171.x
https://www.ncbi.nlm.nih.gov/pubmed/21309920
https://doi.org/10.1097/NCC.0b013e318277dc53
https://www.ncbi.nlm.nih.gov/pubmed/23357884
https://doi.org/10.1634/theoncologist.2015-0178
https://doi.org/10.1007/s00268-016-3549-3
https://www.ncbi.nlm.nih.gov/pubmed/27220507
https://doi.org/10.1093/ejcts/ezr182
https://doi.org/10.1111/dote.12381
https://www.ncbi.nlm.nih.gov/pubmed/26123787
https://doi.org/10.1038/nrclinonc.2015.200
https://www.ncbi.nlm.nih.gov/pubmed/26573424
https://doi.org/10.1097/SLA.0000000000002398
https://doi.org/10.1097/SLA.0000000000001098
https://doi.org/10.1111/j.1440-1843.2011.02049.x
https://www.ncbi.nlm.nih.gov/pubmed/21883675
https://doi.org/10.1002/jso.21471
https://doi.org/10.1097/sla.0000000000002611
https://www.ncbi.nlm.nih.gov/pubmed/29206677
https://doi.org/10.1016/j.suc.2011.06.012
https://www.ncbi.nlm.nih.gov/pubmed/21889025


Curr. Oncol. 2023, 30 9568

160. Poghosyan, T.; Gaujoux, S.; Chirica, M.; Munoz-Bongrand, N.; Sarfati, E.; Cattan, P. Functional disorders and quality of life after
esophagectomy and gastric tube reconstruction for cancer. J. Visc. Surg. 2011, 148, e327–e335. [CrossRef] [PubMed]

161. O’Neill, L.; Gannon, J.; Guinan, E.; Reynolds, J.V.; Hussey, J. Multidisciplinary rehabilitation across the esophageal cancer journey.
J. Thorac. Dis. 2017, 9, E1140–E1142.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jviscsurg.2011.09.001
https://www.ncbi.nlm.nih.gov/pubmed/22019835

	Introduction 
	Local Treatment 
	Surgical Interventions 
	Esophagectomy 
	Types of Esophagectomy 


	Treatments 
	Esophagogastrectomy 
	Endoscopic Treatment 
	Endoscopic Resection (ER) 
	Advances in Endoscopic Therapy 

	Radiofrequency Ablation (RFA) 
	Photodynamic Therapy 
	Cryotherapy/Cryoablation 

	Systemic Treatment 
	Chemo-Radiotherapy for Esophageal Cancer 
	Radiation Technique 
	Intensity-Modulated Radiotherapy (IMRT) 
	Intensity-Modulated Radiotherapy 
	Volumetric Modulated Arc Radiotherapy (VMAT) 
	Proton Beam Therapy (PBT) 

	Targeted Drug Therapy for EC 
	Human Epidermal Growth Factor Receptor 2 
	Epidermal Growth Factor Receptor 
	Vascular Endothelial Growth Factor 

	Immunotherapy for Esophageal Cancer 
	Immune Checkpoint Inhibitors 
	Toxicities Associated with Immunotherapy 


	Common Treatment Approaches 
	Cancer Treatment by Stage 
	Treating Esophageal Cancer by Stage 
	Endoscopic Treatment 

	Treating Stages II and III Cancer of the Esophagus 
	Treating Stage IV of Esophagus Cancer 
	Post-Operative Complications and Rehabilitation Care for Esophageal Cancer 
	Pulmonary Complication 
	Reflux Esophagitis 
	Functional Gastric Emptying Disorder (FDGE) 

	Conclusions 
	References

