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Background and Objective: Adenocarcinoma of the esophagogastric junction (AEG) is a tumor of the
esophagogastric junction (EG]J). Research has suggested that AEG may be an independent tumor because of
its peculiar site and biological behavior. During the past several decades, the incidence of AEG has increased
globally. Therefore, it is necessary to explore appropriate treatments for AEG. The aim of this review is to
summarize the current treatments for AEG and forecast their future developments.

Methods: We critically conducted a literature search in PubMed (from the inception of the database
to October 31, 2021). The keywords used in the search were “adenocarcinoma of the esophagogastric

” o« ” o«

junction”, “gastroesophageal adenocarcinoma and surgical treatment”, “gastroesophageal adenocarcinoma
and target therapy”, “gastroesophageal adenocarcinoma and neoadjuvant therapy” and “gastroesophageal
adenocarcinoma and immunotherapy”.

Key Content and Findings: This study introduced the existing treatments for AEG from the aspects of
surgical therapy, neoadjuvant therapy and targeted therapy, and prospected the future research direction.
Conclusions: Treatments for AEG often have different plans (such as surgical treatment, neoadjuvant
therapy, targeted therapy and immunotherapy) according to the pathological type of patients, the status
of metastasis, and the conditions of patients. Surgical treatment is the most commonly used treatment in
clinical practice. Minimally invasive surgery promising potential for further development. Targeted therapy
and immunotherapy can improve the quality of life and survival of patients. Currently, some drugs, such
as trastuzumab, ramucirumab, pembrolizumab, and nivolumab have been approved by the Food and Drug
Administration (FDA) for clinical treatment of AEG. However, targeted therapy and immunotherapy still
have a long way to go and need to be further explored.
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Introduction

Adenocarcinoma of the esophagogastric junction (AEG) is
a tumor of the esophagogastric junction (EG]J). Its peculiar
site and biological behavior lead researchers to suggest
that AEG is an independent tumor (1). AEG is caused by
smoking, alcohol, gastro-esophageal reflux disease, obesity,
and helicobacter pylori infection (2). During the past
several decades, the incidence of AEG has increased not
only in Western countries, but also in Asian countries (3,4).
Surgery is the optimal treatment for patients with gastric
cancer (GC) and provides the best chance of long-term
survival. Neoadjuvant chemotherapy significantly improves
the outcome of advanced Sierwet Type II AEG over surgery
alone. Furthermore, programmed cell death-1 (PD-1)
inhibitor combined with chemotherapy has excellent
tolerance and has been demonstrated encouraging efficacy
for the treatment of unresectable advanced AEG (5).
However, there are also some controversies in the
treatment of AEG, such as surgical approach, surgical
resection range, reconstruction techniques, neoadjuvant
therapy regimens, and immunotherapy, among others.
Here, we review the current advances in and outlook for
the treatments of AEG. Compared with previous studies
(1,4), this study introduced the existing treatments for
AEG in a more systematic and comprehensive way from
the aspects of surgical treatment, neoadjuvant therapy and
targeted therapy. What’s more, it analyzed the advantages
and disadvantages of these treatment methods, providing
reference for the further treatments for AEG and the
improvement of prognosis. We present the following
article in accordance with the Narrative Review reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-1064/rc).

Methods

In the process of writing this review, we critically conducted
a literature search in PubMed (from the inception of
the database to 2021). The keywords used in the search
included “adenocarcinoma of the esophagogastric junction”,
“gastroesophageal adenocarcinoma and surgical treatment”,
“gastroesophageal adenocarcinoma and target therapy”,
“gastroesophageal adenocarcinoma and neoadjuvant
therapy” and “gastroesophageal adenocarcinoma and
immunotherapy” (As shown in Table 1 and Table S1).
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Surgical treatment

Because of the special location of AEG, it cannot be simply
categorized as the treatment of esophageal cancer or GC,
especially in surgery. For early cases of AEG with a low
lymph node metastasis rate (Tis or T1a stage), endoscopic
submucosal dissection or endoscopic mucosal resection
have become the standard treatment. Such patients often
had a higher RO removal rate and a higher overall removal
rate (6-8). For locally advanced tumors with the possibility
of lymph node invasion, radical resection is still the main
treatment of AEG. In recent years, with the development
of minimally invasive surgical techniques, ensuring safety,
reducing postoperative complications, and improving the
quality of life of patients have increasingly become the
focus of treatment (9). Increasingly, surgeons have focused
on improving the surgical approach, resection range,
lymph node dissection, and digestive tract reconstruction.
However, there is also no unified standard treatment for

AEG (10,11).

Selection of surgical approach

At present, the most widely accepted classification was made
by German scholars Siewert and Stein, which classifies AEG
into types I, II, and III (Figure I). For type I, the center of
the tumor is located 1 to 5 cm above the gastroesophageal
junction. For type 1, the center of the tumor is located
1 cm above and 2 cm below the gastroesophageal junction. For
type 111, the center of the tumor is located 2 to 5 cm below the
gastroesophageal junction (12). This classification has become
a common clinical tool to guide treatment decisions.

Due to the high frequency of Siewert type I AEG
tumors involving thoracic lymph nodes, esophagectomy
was performed by transthoracic approach, while total
gastrectomy (T'G) was performed by abdominal approach
for Siewert type II AEG. However, the optimal surgical
treatment for Siewert type II AEG remains controversial.
There are three treatments for Siewert type II AEG,
including a right transthoracic approach (Ivor Lewis
surgery), an abdominal transdiaphragmatic approach (TH),
and a left thoracoabdominal approach (LTA). A random
controlled trial divided AEG patients into a group that was
treated with the left LTA and a group treated with the TH
approach. The results showed no improvement in survival
but a lower incidence of postoperative complications in the
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Table 1 The search strategy summary

ltems Specification

Date of search (specified to date, month and August 7th,2021
year)

Databases and other sources searched PubMed

Search terms used (including MeSH and free text The search terms included “adenocarcinoma of the esophagogastric junction”,

search terms and filters) “gastroesophageal adenocarcinoma and surgical treatment”, “gastric cancer and surgical
treatment”, “gastroesophageal adenocarcinoma and target therapy”, “gastroesophageal
adenocarcinoma and neoadjuvant therapy” and “gastroesophageal adenocarcinoma

and immunotherapy”

Timeframe From 1955 to 2021
Inclusion and exclusion criteria (study type, Articles of great relevance to the content of this article and studies targeting or including
language restrictions etc.) adenocarcinoma of the esophagogastric junction were included

Selection process (who conducted the selection, Fei Cao and Can Hu conducted the selection. Can Hu was responsible for the selection
whether it was conducted independently, how  of surgical treatment and neoadjuvant therapy, and Fei Cao was responsible for the
consensus was obtained, etc.) selection of targeted therapy. We discussed it together and reached a consensus

Any additional considerations, if applicable None

Siewert Il |

EGJ ‘
!

Figure 1 Siewert classification of AEG. Type I: the tumor center located within 1-5 cm above the EGJ; type II: the center located

within 1 cm above to 2 cm below the EG]J; type IIL: the tumor center between 2 and 5 cm below the EGJ. AEG, adenocarcinoma of the
esophagogastric junction; EGJ, esophagogastric junction.

TH group compared with the LTA group (13). type II/III AEG have become increasingly popular. Existing
In addition, with the development of laparoscopic research found that there is no significant difference in
surgery, laparoscopic-assisted gastrectomy for early Siewert 3-year overall survival (OS) between laparoscopic-assisted
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gastrectomy and open TG (13). We performed laparoscopic
or open gastrectomy via the left thoracic surgical approach
for Siewert type II/III AEG patients, which allowed
exposure of the upper esophagus and extensive lymph nodes
dissection without additional complications (14). Therefore,
the TH approach is recommended for Siewert III patients
because it allows dissection of the abdominal and inferior
mediastinal lymph nodes. A transesophageal hiatus TH
approach is generally recommended for the treatment of
Siewert II AEG. If esophageal invasion is greater than 3 cm,
a right transthoracic approach is recommended for surgical
treatment (15).

Selection of surgical resection scope

The extent of surgical resection should be further determined
according to the Siewert classification and tumor stage.
Esophagectomy is generally considered for Siewert I tumors,
and gastrectomy is recommended for Siewert III tumors.
However, there is no specific treatment for Siewert II
tumors (16). It remains unclear whether Siewert II AEG
should undergo proximal gastrectomy (PG) or TG. A
nationwide multi-institutional study analyzed long-term
quality of life after PG and T'G. Univariate and multivariate
analyses found that the incidence and symptoms of weight
loss, diarrhea, and dumping syndrome in patients treated
with PG were better than those treated with TG (17). One
study evaluated the index of estimated benefit from lymph
node dissection (IEBLD) in patients with Siewert II and III
AEG. The results showed that the IEBLDs were similar
between Siewert II and III AEG at all stations except for
the lower peri-gastric lymph nodes. Therefore, researchers
suggested that PG can be performed for Siewert II AEG,
while TG should be performed for Siewert IIl AEG (18).

Selection of lymph node dissection scope

Lymph node metastasis is the main type of AEG metastasis
and is characterized by simultaneous thoracic and abdominal
metastasis, which affects the survival rate and prognosis
of patients. Therefore, radical AEG resection should not
only consider the resection scope of the esophagus and
stomach but should also consider lymph node dissection.
The specific scope of lymph node dissection, including
the mediastinal and abdominal lymph nodes, is closely
related to the tumor type and esophageal invasion length.
For mediastinal lymph nodes, significant differences in
lymph node metastasis among different types of AEG were
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found in a retrospective analysis. The mediastinal lymph
node metastasis rate of Siewert I, I, and III AEG was 65%,
12%, and 6%, respectively (19). One study examined the
relationship between esophageal invasion length of tumors
at the EG]J and mediastinal lymph node metastasis in
Siewert II AEG patients. The overall inferior mediastinal
lymph node metastasis rate of Siewert Il AEG was 13.7%.
When esophageal invasion length was less than 2.5 cm, the
rate of inferior mediastinal lymph node metastasis decreased
to 9.3%, and, when esophageal invasion length was
>2.5 cm, the rate of inferior mediastinal lymph node
metastasis increased to 24.0% (20). A prospective
multicenter study analyzed the distance of esophageal
tumor involvement, and the results showed that, when the
distance of esophageal tumor involvement was 2.0-3.0 cm,
3.0-4.0 cm, or >4.0 cm, the metastasis rate of No. 110
lymph nodes was 10.8%, 20.8%, and 28.6%, respectively.
The longer the distance of the esophagus involved,
the higher the rate of inferior mediastinal lymph node
metastasis. Therefore, it is recommended that inferior
mediastinal lymph nodes including No. 110 lymph nodes
should be dissected if esophageal involvement exceeds
2.0 cm (21). For abdominal lymph nodes, the study by
Pedrazzani et al. (22) showed that Siewert III AEG had
the highest rate of abdominal lymph node metastasis, and
Siewert I AEG had a lower rate of abdominal lymph node
metastasis than Siewert II AEG. A retrospective study
found that abdominal lymph nodes with a metastasis rate
of greater than 10% for Siewert I included No. 1, 2, 3,
and 7 lymph nodes. Siewert II included No. 1, 2, 3, 7, 9,
11p, and 16 lymph nodes, and Siewert III included NO.
1, 2,3, 4sa,4D, 7, 8, 10, 11p, and 16 lymph nodes (23). In
addition, Yamashita er al. (24) confirmed that, regardless of
whether the AEG is located in the deviatoric esophagus or
the gastric side, the abdominal lymph nodes metastasis were
mainly concentrated in numbers 1, 2, 3, and 7. The study
by Matsuda et al. (25) showed that the rate of abdominal
lymph nodes metastasis in Siewert type II AEG was 40.8%
in the number 1 lymph node, 31.7% in the number 2 lymph
node, 43.2% in the No.3 lymph nodes, and 27.6% in No. 7
lymph nodes. What is more, 3 categories were defined for
dissection of AEG lymph nodes. It is necessary to dissect
the category 1 lymph nodes, including No. 1, 2, 3,7, 9, and
11p, because their rate of metastasis is more than 10%. It
is better to dissect category 2 lymph nodes, including No.
8a, 19, and 110, because their rate of metastasis ranges from
5% to 10%. There is no need to dissect lymph nodes which
have a metastasis rate of less than 5% (21).
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Figure 2 Reconstruction of the digestive tract after a proximal gastrectomy. (A) Traditional esophagogastric anastomosis. (B) Tubular gastric

anastomosis. (C) Side overlap anastomosis. (D) Kamikawa anastomosis. (E) Jejunal interposition single tract anastomosis. (F) Interposition

jejunum double channel anastomosis.

Selection of reconstruction of digestive tract

PG lacks a standard postoperative approach to digestive
tract reconstruction. Because of the position of Siewert type
IT AEG, compared with TG, PG can effectively prevent
the hypofunction of the digestive tract and anemia by
using the reserving and storing food function of the gastric
stump. However, in PG in patients with Siewert type AEG,
the normal physiological anti-reflux anatomical structure
was destroyed by the cardia resection. The occurrence
of esophageal reflux seriously affected the postoperative
quality of life of patients, so choosing a reasonable
method of postoperative digestive tract reconstruction is
key. Esophagogastric anastomosis, jejunal interposition
anastomosis, or double tract anastomosis are the main
methods for gastrointestinal reconstruction after PG.
Esophagogastric anastomosis (Figure 2A) is still used
today because of its simple and safe operation method and
because it will not change the natural physiological pathway

© Annals of Translational Medicine. All rights reserved.

of normal food. But the method has the shortcomings of
insufficient gastric stump capacity and a high incidence of
gastroesophageal reflux after the operation (26). Therefore,
Adachi et al. (27) first proposed to use esophageal tubular
gastric anastomosis (Figure 2B) because it maintained the
physiological structure of the original digestive tract and
the reflux symptoms were significantly better than those
of the patients with esophagogastric anastomosis alone.
Moreover, the tubular gastric method can also reduce the
tension of anastomosis and ensure the safety of anastomosis.
However, the incidence of anastomotic stenosis is still high
after esophageal tubular gastric anastomosis (28). In recent
years, the method of side overlap anastomosis (Figure 2C) has
rapidly developed esophagogastric anastomosis methods with
a unique ant-reflux mechanism. Yamashita ez /. (29) showed
that 13 out of 14 patients who underwent side overlap
anastomosis had no reflux symptoms and did not need proton
pump inhibitors. Furthermore, Muraoka (25) proposed a
novel type of esophagogastric anastomosis called Kamikawa
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(Figure 2D) with a double-flap technique. Some studies
showed that, although Kamikawa anastomosis required
a more complex intracorporeal suturing technique and a
longer duration of surgery, good physiological function was
maintained because of the relatively large remnant stomach
and distinctive anastomotic technique (30,31).

Jejunal interposition anastomosis (Figure 2E) was
proposed by Merendino (32). In this technique, a jejunum
is used to connect the remnant gastric and esophagus
and form a buffer zone to prevent reflux caused by the
alkaline environment and the peristalsis function of the
intestine (33). Compared with esophagogastric anastomosis,
jejunal interposition anastomosis more effectively prevented
reflux (34). However, the optimal length of interposition
jejunum is still controversial. If the interposition jejunum
is too long, food will stagnate in the jejunum, and it is also
not conductive to postoperative endoscopic examination.
Nomura ez al. (35) confirmed that the optimal length of the
interposition jejunum is 10-15 cm.

For double tract anastomosis (Figure 2F), Roux-en-Y
anastomosis was performed first after the PG, and then side
to side anastomosis was performed between the residual
gastric and jejunum about 10 cm below the anastomosis (36).
Therefore, food could enter the distal jejunum through
the residual gastric and jejunum. This technique prevented
reflux by interposition, accelerated food digestion, and
promoted the absorption of nutrients by stimulating the
secretion of bile and pancreatic juice by digesta passing
through the duodenum. A meta-analysis confirmed that a
PG and double tract anastomosis are a more effective to
prevent vitamin B12 deficiency without increasing the risk
of anastomotic stenosis and reflux esophagitis (37). With
the development of laparoscopic technology, laparoscopic
proximal GC surgery has been widely used. Some studies
showed that there was no significant difference in early and
late complications between laparoscopic PG with double
tract anastomosis and laparoscopic TG. They also showed
that the rate of decrease of body mass and the skeletal
muscle index was lower in patients undergoing laparoscopic
PG with double tract anastomosis than that of patients
undergoing laparoscopic TG (38,39).

Neoadjuvant therapy
Neoadjuvant chemotherapy

Recently, neoadjuvant chemotherapy was developed
to improve the prognosis of patients with AEG. The
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advantages of neoadjuvant chemotherapy have been
demonstrated in numerous large studies, such as reducing
tumor size, improving the rate of RO resection, and
improving OS and progression-free survival (PFS). For
the neoadjuvant chemotherapy used in AEG treatment,
most reference data come from the studies on esophageal
adenocarcinoma and proximal gastric adenocarcinoma.
However, whether the treatment regimen of esophageal
adenocarcinoma and proximal gastric adenocarcinoma
can lead to survival benefits for patients with AEG is still
controversial.

A trial evaluated whether surgery and perioperative
chemotherapy could improve patient outcomes. In this
study, 503 patients with GC, gastroesophageal junction
carcinoma, and lower esophageal adenocarcinoma were
recruited and randomly divided into the surgery alone group
and the surgery plus perioperative chemotherapy group.
The chemotherapy regimen was ECF (epirubicin + cisplatin
+ fluorouracil) for 3 cycles before and after surgery. The
results showed that perioperative chemotherapy decreased
the tumor size and stage, and significantly increased OS and
PFS (40).

Similarly, a Phase III trial demonstrated the advantage of
perioperative chemotherapy over surgery alone. The trial
randomized 224 patients with resectable lower esophagus,
gastroesophageal junction, or gastric adenocarcinoma into
the perioperative chemotherapy group and the surgery
alone group. Fluorouracil plus cisplatin was used for
chemotherapy before and after surgery. The prognosis of
the perioperative chemotherapy group was better than that
of the surgery alone group (41).

In terms of the selection of chemotherapeutic agents,
there is no standard neoadjuvant chemotherapy regimen.
More clinical trials are needed. The Phase II and III trial
compared the docetaxel-based FLOT group (fluorouracil
plus leucovorin, oxaliplatin, and docetaxel) with the classical
platinum-containing ECF/ECX group (fluorouracil or
capecitabine plus cisplatin and epirubicin). The incidence
of serious adverse events was similar in both groups, but
the survival was significantly increased in the FLOT
group (42). In addition, A clinical trial (43) enrolled
1,022 patients with AEG or GC who had a D2 gastrectomy,
and the results showed that patients with perioperative
S-1 and oxaliplatin (SOX) chemotherapy had a better OS
compared with that of the group treated with adjuvant
capecitabine and oxaliplatin (CapOx) chemotherapy. The
adjuvant-SOX was non-inferior to adjuvant-CapOx in those
patients. This suggests that the SOX regimen could be
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Number of
Name of trial Agents Line of treatment Phase um. ero PFS (month) OS (month)
patients
ToGA Fluoropyrimidine/cisplatin plus trastuzumab First or second I 594 (18% AEQG) 6.7vs. 55 13.8vs. 11.1
vs. fluoropyrimidine/cisplatin line
WJOG7112 PT vs. paclitaxel alone Second line Il 91 3.7vs. 3.2 10.2vs. 10.0
(T-ACT Study)
LOGIC Lapatinib plus CapeOx vs. placebo plus First line 11 545 (9% AEG) 6.0vs. 5.4 12.2vs.10.5
CapeOx
TYTAN Lapatinib plus paclitaxel vs. paclitaxel Second line 11l 261 54vs.44 11.0vs. 8.9
GATSBY T-DM1 vs. taxane Second line 1710 415 2.7vs. 2.4 7.9vs. 8.6
JACOB Pertuzumab plus trastuzumab and First line 1} 780 8.4vs. 7.0 17.5vs. 14.2

chemotherapy vs. placebo plus trastuzumab
and chemotherapy

AEG, adenocarcinoma of the esophagogastric junction; PFS, progression-free survival; OS, overall survival; PT, paclitaxel and trastuzumab;

T-DMH1, trastuzumab emtansine.

considered a new treatment option for patients with AEG.

Neoadjuvant chemoradiotherapy

Some studies have also focused on neoadjuvant
chemoradiotherapy in order to improve both pathologic
complete response and systemic control (44,45). A trial
divided 363 patients with resectable esophageal cancer
or AEG into the preoperative chemoradiotherapy
group and the simple surgery group. The preoperative
chemoradiotherapy regimen included a weekly TP
(paclitaxel plus carboplatin) regimen plus concurrent
radiotherapy. Median survival was significantly improved
in the preoperative chemoradiotherapy group (48.6 vs.
24.0 months) (44). In addition, A trial randomly assigned
patients to receive either 15 weeks of neoadjuvant
chemotherapy or 12 weeks of induction chemotherapy
plus 3 weeks of concurrent chemoradiotherapy, followed
by surgery. Experimental results showed that the addition
of radiotherapy to preoperative chemotherapy improved
the local PFS of patients with locally advanced EG]J
adenocarcinoma, but the difference was not statistically
significant (45). While these studies are promising,
the number of large randomized controlled studies of
neoadjuvant chemoradiotherapy is too few, and most studies
remain in phase II. More long-term and larger clinical trials
are needed.

© Annals of Translational Medicine. All rights reserved.

Targeted therapies

Recently, targeting the HER2 and the vascular endothelial
growth factor (VEGF) pathways with trastuzumab and
ramucirumab, respectively, has been found to improve
survival, while targeted therapies against a number of other
pathways are under clinical evaluation.

Human epidermal growth factor receptor 2 (HER-2) as a
target in AEG

HER-2 can form heterodimers with HER-3, HER-4,
etc., and cause phosphorylation of tyrosine residues at
the carboxy-terminal of HER-2, which induces activation
of the downstream Ras-Raf-MEK-MAPK pathway and
the PI3K-Akt pathway. The expression rate of HER-2 in
patients with AEG is 15-20%, while the expression rate of
HER-2 in GC tissues is 10-15%. The high expression of
HER-2 is correlated with the invasion and differentiation
degree of the tumor, however, its correlation with the
overall prognosis of the tumor is still controversial (46). An
overview of clinical trials of HER2-targeted therapies for
AEG is shown in Table 2.

Trastuzumab

Trastuzumab is an ant-HER2 monoclonal antibody which
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can block the attachment of the human epidermal growth
factor to HER2 by attaching itself to it. Therefore, the
growth of cancer cells is inhibited. In the ToGA study, the
patients were assigned to chemotherapy plus trastuzumab
or chemotherapy alone in a ratio of 1:1. Median OS was
13.8 months with chemotherapy plus trastuzumab vs.
11.1 months with chemotherapy alone (P=0.0046).
Median PFS was 6.7 months with chemotherapy plus
trastuzumab vs. 5.5 months with chemotherapy alone
(P=0.0002). The results showed that trastuzumab combined
with chemotherapy in first-line treatment of HER2-
positive AEG improved the remission rates and OS (47).
Trastuzumab was subsequently included in the standard
treatment regimen for patients with HER2-positive GC
or AEG. Recently, a randomized phase 11 study evaluated
the continuous use of trastuzumab beyond progression
in HER2-positive advanced GC or AEG. There was no
significant difference in the OS or response rate in patients
who continued to receive trastuzumab compared to those
who did not in second-line treatment (48). This study had
some limitations, such as a small sample size and a small
number of biomarker samples, therefore the expression
status of HER2 would need to be reassessed with larger
studies.

Trastuzumab emtansine (I-DM1)

T-DM1 is an antibody drug conjugate which is conjugated
by trastuzumab and the cytotoxic drug DM1 through
a non-reducing thioether-linked conjugate. It not only
retains the antigen-dependent cell-mediated cytotoxicity of
trastuzumab, but also can accurately bring DM1 into tumor
cells through endocytosis. This is highly effective in killing
tumor cells, thus effectively reversed the resistance of first-
line anti-HER? therapy. Regarding the mechanism, T-DM1
has a dual anti-tumor effect, improves the treatment
window, and effectively overcomes the first-line anti-HER2
resistance (49).

The GATSBY study researched the efficacy of T-DM1
in patients who were previously treated for HER2-positive
advanced GC including AEG. The results showed that T-DM1

was not superior to taxane in second-line therapy (50).
Lapatinib

Lapatinib is a reversible tyrosine kinase inhibitor (TKI)
which can effectively inhibit the activity of ErbB1 and

© Annals of Translational Medicine. All rights reserved.
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ErbB2 tyrosine kinase. Its mechanism of action is to
inhibit the intracellular ATP sites of EGFR (ERBB-1) and
HER2(ERBB-2), which prevents the phosphorylation and
activation of tumor cells and blocks the down-regulation
signal through the homodimer and heterodimer of EGFR
(ERBB-1) and HER2 (ERBB-1) (51).

"Two phase III clinical trials investigated the efficacy of
lapatinib in patients with HER2-positive GC or AEG. The
LOGIC study was carried out to evaluate the efficacy of
adding lapatinib to CapeOx in patients with HER2-positive
AEG. Patients were randomly divided into two groups—
the lapatinib arm group and the placebo arm group. The
lapatinib arm group was treated with CapeOx (capecitabine
1,700 mg/m’ and oxaliplatin 130 mg/m’) plus lapatinib
1,250 mg. The placebo arm group was given a placebo
and CapeOx. Median OS in the lapatinib and placebo arm
groups was 12.2 and 10.5 months, respectively, but this was
not statistically significant. Median PFS in the lapatinib and
placebo arm groups was 6.0 and 5.4 months, respectively
(P=0.0381). The lapatinib arm group had a significant
improvement in response rate of 53%, compared with
39% in the placebo arm group (P=0.0031). The results
showed that the combination of lapatinib and CapeOx did
not extend OS in patients with HER2-postive AEG (52).
The TyTAN study was conducted to determine whether a
combination of lapatinib and paclitaxel had a better effect
than paclitaxel alone in second-line treatment in Asian
patients with HER2-amplified AEG (53). Although the
results of these two trials suggested that the OS was not
prolonged, they still suggested that lapatinib had a potential
benefit for patients. Therefore, scholars are carrying
out studies on the treatment of HER2-positive locally
advanced AEG with lapatinib combined with neoadjuvant
radiotherapy and chemotherapy (54), and further results are
worth examining.

VEGF or vascular endothelial growth factor receptor
(VEGFR) as a target in AEG

VEGF is a major growth factor of endothelial cells.
VEGFR is a receptor tyrosine kinase, which binds
with the VEGF to promote the proliferation, survival,
migration, and differentiation of endothelial cells. It plays
an important role in angiogenesis, vascular development,
vascular permeability, embryonic vascular development,
cell migration, and the regulation of cancer cells (55). An
overview of clinical trials of VEGF or VEGFR-targeted
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Li f Number of
Name of trial Agents neo Phase um. ero PFS (month) OS (month)
treatment patients

REGARD Ramucirumab vs. placebo Second line I} 355 21vs. 1.3 5.2vs. 3.8

RAINBOW Ramucirumab plus paclitaxel vs. Second line 1l 665 9.6vs. 7.4
placebo plus paclitaxel

RAINFALL Ramucirumab plus fluoropyrimidine First line Il 645 5.7vs. 5.4 11.2vs. 10.7
and cisplatin vs. placebo plus
fluoropyrimidine and cisplatin

N Bevacizumab plus docetaxel, cisplatin, First line I 44 (45% AEG) 12 16.8
and
fluorouracil

N Bevacizumab plus oxaliplatin and First line Il 38 (55% AEQG) 6.6 11.1
docetaxel

AVAGAST Bevacizumab plus capecitabine and First line 1l 774 (14% AEG) 6.7vs. 5.3 12.1vs. 101
cisplatin vs. placebo plus capecitabine
and cisplatin

AVATAR Bevacizumab plus capecitabine and First line I} 202 6.3 vs. 6.0 10.5vs. 11.4
cisplatin vs. placebo plus capecitabine
and cisplatin

N Apatinib vs. placebo Third line 1] 267 (22% AEG) 26vs. 1.8 6.5vs. 4.7

VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor; AEG, adenocarcinoma of the
esophagogastric junction; PFS, progression-free survival; OS, overall survival; N, no specific names.

therapies for AEG is shown in Table 3.

Ramucirumab

Ramucirumab is a monoclonal antibody targeting VEGFR?2
with antitumor activity. The REGARD study was conducted
to evaluate the benefit of ramucirumab in second-line
treatment in patients with previously treated AGC or
AEG. Median OS was 5.2 months in the ramucirumab
group and 3.8 months in the placebo group, respectively.
This indicated that ramucirumab increased the median
OS of patients. Median PFS (2.1 vs. 1.3 months) was
also improved in the ramucirumab group. Ramucirumab
had satisfactory tolerance in this patient population.
Most adverse event rates were similar to those in the
placebo group (56). After that, a phase III clinical trial was
conducted. From the results of this trial, the group assigned
to ramucirumab compared to the placebo group had a
definite improvement in median OS (9.6 vs. 7.4 months),
median PFS (4.4 vs. 2.9 months), and response rate (28%
vs. 16 %) (57). In 2014, ramucirumab was approved by
Food and Drug Administration (FDA) for second-line
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treatment of advanced GC or gastroesophageal junction
adenocarcinoma. Further studies then explored the potential
for ramucirumab to be used as a first-line treatment. In
2015, a phase III trial was conducted. The RAINFALL
study was designed to assess whether ramucirumab in
combination with cisplatin and fluoropyrimidine could
enhance the effects of chemotherapy in patients with GC
or AEG with distant metastases. The researchers assessed
a significantly longer PFS in the ramucirumab group than
the placebo group. However, the claim was not confirmed
by independent central assessments. The median OS was
not statistically significant between the two groups (11.2 vs.
10.7 months). As a result, for this population, ramucirumab
in combination with cisplatin was not recommended as a
first-line treatment (58).

Bevacizumab

Bevacizumab is a recombinant humanized monoclonal
antibody that can bind to human VEGE, block its biological
activity, and inhibit endothelial cell proliferation and
angiogenesis (59). Two phase II clinical trials showed
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that bevacizumab combined with chemotherapy drugs in
the treatment of metastatic gastric or gastroesophageal
junction adenocarcinoma had good curative effects (60,61).
Therefore, bevacizumab plus chemotherapy had the
potential for further evaluation. A phase III trial called
AVAGAST was conducted to test this. The trial assessed
whether the addition of bevacizumab could improve the
effectiveness of chemotherapy in first-line therapy. There
was no significant improvement in median OS (12.1 vs.
10.1), but median PFS was 6.7 and 5.3 in the bevacizumab
group and the control group, respectively, which showed
a significant improvement. Regional analysis of the data
showed no significant benefit for Asian patients, while
benefits were increased for patients from Europe and the
Pan-American regions (62). In 2009, a Phase III trial was
conducted on 202 Chinese patients. Like AVAGAST, the
addition of bevacizumab did not increase median OS and
median PES (63).

Apatinib

Apatinib is a novel and highly selective inhibitor of small
molecule tyrosine kinase targeting VEGFR2, which
has shown some efficacy in the treatment of a variety of
advanced tumors (64). The efficacy and safety of apatinib
were demonstrated in a Phase III clinical trial conducted in
China. This study showed that apatinib, as a monotherapy,
could prolong patients’ median OS and median PFS (65).
Because of this trial, the China FDA approved apatinib
in 2014 for metastatic GC or AEG after second-line
chemotherapy.

Some other TKlIs

Sunitinib and sorafenib are multi-target kinase inhibitors
with multiple effects of inhibiting tumor angiogenesis and
anti-tumor cell growth. These drugs have been tested in
some randomized Phase II trials and have shown some
efficacy, but further research is needed (66-70).

The epidermal growth factor receptor (EGFR) as a target
in AEG

EGFR is a tyrosine kinase-type receptor of epidermal
growth factor cells proliferation and signal transduction.
It is associated with proliferation, angiogenesis, invasion,
metastasis, and inhibition of apoptosis of tumor cells.
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Panitumumab and cetuximab

Panitumumab is a fully humanized monoclonal antibody
with a high affinity to EGFR, which can bind to the
EGFR of tumor cells, inhibit downstream cell signal
transduction, and inhibit tumor growth (71). Cetuximab can
competitively inhibit the binding of ligand to EGFR, block
phosphorylation of receptor-related enzymes, inactivate
the receptor, and block the EGFR-mediated cell signal
transduction pathway, thus inhibiting the growth of tumor
cells and inducing apoptosis of tumor cells (72). Neither
approach has been shown to benefit patients with gastric
or gastroesophageal junction adenocarcinoma. Two phase
III trials, REAL3 and EXPAND, demonstrated that the
addition of panitumumab or cetuximab to chemotherapy
did not increase OS (73,74). Therefore, the two drugs
cannot be recommended for use in patients with advanced
GC or AEG.

Other targets in AEG

There are many other targets available for AEG therapy,
such as mesenchymal epithelial transition factor (MET),
mammalian target of rapamycin (nTOR), Claudin 18.2 and
PD-1/programmed-death ligand 1 (PD-L1). These targets
may bring hope for targeted therapy of AEG.

MET

The MET pathway plays an important role in tumor
genesis. Several cancers, including gastric, lung, and
colorectal cancers have been linked to this pathway. As
a result, MET is a promising target for cancer therapy
and drug discovery (75). A Phase III study analyzed the
efficacy and safety of onartuzumab, a protein antibody
that targets MET directly. The 562 patients were divided
into two groups: onartuzumab plus mFOLFOX and
placebo plus mFOLFOX. The results showed that the
addition of onartuzumab did not improve patients’ OS,
PES, or response ratio (76). The RILOMET-1 study was
an attempt to evaluate whether rilotumumab had an effect
on advanced MET-positive gastric or gastroesophageal
junction cancer. But the trial was ended early because
of the higher death rate in the rilotumumab group. The
rilotumumab group and the placebo group had similar
rates of serious adverse events, but the rilotumumab group

had more deaths (77).
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mTOR

The activity of mTOR is constantly upregulated in human
cancers. The growth and metastasis of tumors are promoted
by activation of the mTOR. Many mTOR inhibitors have
been used in cancer treatment (78). A Phase III trial called
GRANITE-1 found that everolimus did not significantly
improve survival gains in advanced GC that had progressed
after one or two lines of previous systemic chemotherapy (79).

Claudin 18.2

Claudin 18.2 is a gastric specific membrane protein that is
considered a potential therapeutic target for GC and other
types of cancer (80). Zolbetuximab (IMAB362) is a chimeric
monoclonal antibody. It can kill Claudin 18.2-positive
cells through immune effector mechanisms. The FAST
study compared zolbetuximab in combination with EOX
(epirubicin/oxaliplatin/capecitabine) vs. EOX alone in
patients with advanced gastric/gastroesophageal junction
and oesophageal adenocarcinoma. The results showed that
the zolbetuximab group had a median OS of 13.0 months
compared with 8.3 months for the placebo group. Median
PEFS for the zolbetuximab and placebo groups were 7.5 and
5.3, respectively. The OS and PFS of the Zolbetuximab
group were significantly improved, and the risk of death was
reduced (81). This therapy is expected to be a new targeted
therapy for specific patients. It is expected that this therapy
can be approved and can be applied to the clinic as soon as
possible to benefit more cancer patients.

PD-1/PD-L1

In recent years, immune checkpoint therapy has emerged
as an exciting therapeutic strategy for several malignancies,
and monoclonal antibodies that inhibit PD-1, PD-L1, and
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4)
have shown significant responses and clinical benefits
against multiple tumor types. In September 2017, the
FDA accelerated approval of pembrolizumab, a humanized
monoclonal antibody that binds to and blocks PD-1 located
on lymphocytes, for the treatment of patients with recurrent
locally advanced or metastatic GC or AEG. Tumor growth
was effectively inhibited by inhibiting the binding of PD-1
and its endogenous ligand PD-L1. This approval was based
on the results of the KEYNOTE-059 study, which enrolled
259 patients with locally advanced or metastatic GC or
AEG. The objective response rate in these patients was
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11.6%, and 2.3% of patients achieved a complete response.
The median (range) response duration was 8.4 (1.6+ to
17.3+) months (82). The KEYNOTE-061 study found that,
in second-line therapy, compared with paclitaxel chemical
drugs, pembrolizumab did not significantly improve the
OS of AEG patients with a PD-L1 combined positive score
of 1 or more, but showed higher safety (83). Whether
pembrolizumab combined with agents as a neoadjuvant/
adjuvant chemotherapy can significantly improve survival
in patients with resectable AEG remains to be seen in the
ongoing KEYNOTE-585 clinical trial (84). CHECKMATE
649 is a randomized, multicenter, open-label trial that
enrolled a total of 1,581 previously untreated patients
with advanced or metastatic GC, AEG, or esophageal
adenocarcinoma. Patients were randomly assigned to either
receive nivolumab plus chemotherapy or chemotherapy
alone. The results showed that patients who received
nivolumab combined with chemotherapy had better OS and
PFS than patients who received chemotherapy alone, and
its safety was acceptable (85). Nivolumab was approved by
the FDA in April 2021 for first-line treatment of advanced
or metastatic GC or AEG based on the results of the
CHECKMATE 649 trial.

Discussion

With the increasing trend for the use of multi-disciplinary
teams in the management of AEG, the majority of AEG
patients can benefit from the selection of appropriate
treatment for different tumor stages.

Surgery is still the most important method in the
comprehensive treatment of AEG. In recent years, with the
improvement of technology, minimally invasive technology
in surgery has developed rapidly. Minimally invasive AEG
surgery has wide application prospects, and its research is
the future trend (86-88). Minimally invasive esophagectomy
can improve survival with fewer complications compared
with traditional open esophagectomy (89). However, there
is still no consensus on the ideal type of minimally invasive
surgery, and a large number of randomized controlled
trials are needed to investigate which minimally invasive
technique is the best treatment for AEG (90). In addition,
in order to improve the quality of life and survival of
patients, targeted therapy and immunotherapy have been
increasingly studied. However, because of the remarkable
heterogeneity in AEG, several large Phase II clinical
studies have failed, and it is very difficult to put the targeted
therapy of gastroesophageal junction adenocarcinoma into
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clinical practice. This shows that more detailed inclusion
criteria should be formulated in the future studies and
more bioactive tumor markers need to be found through
molecular typing which may bring new directions of
thinking for targeted therapy of gastroesophageal junction
adenocarcinoma.

In summary, in order to select the most appropriate
surgical plan or improve the surgical methods on this
basis, the author summarized the selection of the surgical
approach, resection scope, lymph node dissection scope
and digestive tract reconstruction. In terms of neoadjuvant
therapy and targeted therapy, this review summarized
existing drugs and their clinical trial results for researchers’
reference, so as to select the most appropriate drugs to
improve the prognosis of patients and develop new drugs.
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