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Background: Reports have shown that neoadjuvant concurrent chemoradiotherapy
(nCRT) increases the RO resection rate for patients with Siewert type Il or Il
adenocarcinoma of the gastroesophageal junction (AEG). However, the long-term
efficacy of nCRT for AEG patients remains unclear. In this multicenter study, we
investigated the long-term results of AEG patients treated with nCRT.

Methods: A total of 149 patients with potentially resectable advanced AEG (T3/4, Nany,
MO) were randomly divided into two groups: the nCRT-treated group (treated group) (n =
76) and the surgery group (control group) (n = 73). The primary endpoint was disease-free
survival (DFS), and the secondary outcome indexes included the RO resection rate, HER-2
expression, tumor regression grade (TRG), objective response rate (ORR), disease control
rate (DCR), overall survival (OS), and adverse events.

Results: In the treated group, the overall therapeutic efficacy rate was 40.8%, and the
pathological complete response (pCR) rate was 16.9%. The rates of patients who
underwent RO resection in the treated and control groups were 97.0% and 87.7%,
respectively (o < 0.05). The toxic effects were mainly graded 1-2 in the treated group. The
median DFS times in the treated and control groups were 33 and 27 months, respectively
(o = 0.08), whereas the median OS times were 39 and 30 months, respectively (p = 0.01).
The median DFS times of patients with positive and negative HER-2 expression in the
treated group were 13 and 43 months, respectively (o = 0.01), and the median OS times
were 27 and 41 months, respectively (o = 0.01).
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Conclusion: Surgery after nNCRT improved the efficacy of treatment for AEG patients and
thus provided a better prognosis.

Clinical Trial Registration: The trial is registered with ClinicalTrials.gov (number

NCT01962246).

Keywords: neoadjuvant chemoradiotherapy, potentially resectable, advanced, Siewert Il and lll, adenocarcinoma of

esophagogastric junction, treatment

INTRODUCTION

In recent years, the incidence of adenocarcinoma of the
esophagogastric junction (AEG) has been increasing worldwide
(1-3). Due to the uniqueness of AEG, treatment for this
condition has attracted increasing attention from scholars.
Most clinicians believe that appropriate perioperative
treatments should be used for AEG, and regarding this topic,
an increasing number of researchers are trying preoperative
concurrent chemoradiotherapy for AEG (4, 5). Undoubtedly,
the Chemoradiotherapy for Oesophageal Cancer Followed by
Surgery Study (CROSS) trial (6) is a milestone of preoperative
concurrent chemoradiotherapy on AEG, but it still has some
deficiencies, such as the inclusion of patients not only with AEG
but also with lower esophageal cancer and squamous cell
carcinoma and the inclusion of patients mostly in the early
and middle stages. Trials on the treatment of Siewert type II and
III AEGs are lacking. Siewert types II and III are representative of
AEG, and the effect of neoadjuvant chemoradiotherapy (nCRT)
is currently a research hotspot. The “Preoperative Concurrent
Chemoradiotherapy for Potentially Resectable Adenocarcinoma
of Esophagogastric Junction (NCT01962246)” trial conducted by
our center has reported mid-term results (7) and verified a
satisfactory surgical RO resection rate and tolerable safety. The
present study further summarizes the long-term follow-up data
for this trial. We conclude that accurate clinical staging, target
area delineation and radiation dose selection, efficacy evaluation,
chemotherapy regimen and operation time after drug
withdrawal, and perioperative nutritional support influence the
treatment of Siewert type II and III AEGs. Based on these data,
we attempted to provide a more reasonable solution for the
preoperative treatment of AEG.

MATERIALS AND METHODS

The patient inclusion criteria for this study consisted of the
following: (1) gastroscopy- and computed tomography (CT)-
confirmed Siewert type II or III AEG with a long diameter of
the primary tumor <8 cm prior to surgery; (2) American Joint
Committee on Cancer (AJCC) 2010 classification of progressive
gastric cancer before surgery (T3/4, Nany, M0) with no evidence
of metastatic lesions in the liver, lung, brain, bone or other organs;
(3) no prior antitumor therapy; (4) no contradictions to
chemotherapy or surgery; (5) a Karnofsky Performance Scale
(KPS) score >60 and an Eastern Cooperative Oncology Group
(ECOG) score 0-2; and (6) informed consent obtained before

enrollment in the study. All enrolled patients were randomly
assigned to the concurrent chemoradiotherapy group or surgery
group by using an interactive web-response system (IWRS).
Patients were enrolled by authorized individuals who requested
randomization with an IWRS integrated into the electronic case
report forms (eCRF). Assignment to trial groups was completed
on the server of the independent data management providers
(Bioknow, Beijing, China) via a validated assignment program,
which underlies strict access control. The randomization system
assigned each patient a unique identification number and sent the
researchers a message containing the results of the assignment.

Regimen for Chemotherapy

The following XELOX regimen was applied for chemotherapy:
capecitabine was administered at 1,000 mg/m” twice daily for 14
days (day 1 to day 14); oxaliplatin was intravenously
administered at 130 mg/m® on day 1, and all subjects were
treated for two cycles. Two cycles of chemotherapy were
administered prior to surgery, and six cycles were administered
after surgery. Eight cycles were administered after surgery in the
control group.

Regimen for Radiotherapy

(1) Radiotherapy planning CT scans were obtained with the
patient in the supine position in a body mold to ensure
setup reproducibility.

(2) CT simulation with intravenous (IV) contrast was
performed to help guide the gross tumor volume (GTV) target,
particularly for lymph nodes.

(3) The treating physicians utilized the following information
to delineate active disease: barium meal, esophagoscopy/
gastroscopy, and magnetic resonance imaging (MRI) scanning.

(4) Radiation targets included AEG, any perigastric extension,
and lymph nodes (perigastric, celiac, portal hepatis, splenic hilar)
with adequate margins. The standard GTV-t to clinical target
volume (CTV)-t expansions were 2 cm in the superior-inferior
direction and 0.8 c¢m laterally and anteroposteriorly. CTV-nd
included CTV-nd and involved the field; 0.8-1.0 cm was added
so that CTV+ 0.8-1.0 cm = planning target volume (PTV).

(5) Intensity-modulated radiation therapy (IMRT) was used
and delivered by a linear accelerator as multiple shaped beams of
6 MV X-rays in five daily fractions of 1.8 Gy per week for 5 weeks
(total PTV dose: 45 Gy).

Determination of Therapeutic Efficacy
Therapeutic efficacy was determined according to the Response
Evaluation Criteria in Solid Tumors (RECIST version 1.1).
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The response was made up of four classifications: complete
response (CR), partial response (PR), stable disease (SD), and
progressive disease (PD). The total efficacy [response rate (RR)]
was calculated as the sum of CR and PR, and the tumor control
rate was calculated as the sum of CR, PR, and SD. Tumor-node-
metastasis (TNM) staging was performed according to the
criteria developed by the AJCC (7th edition).

A tumor volume reduction rate of 12.5% was measured by CT
as an effective threshold for evaluating neoadjuvant therapy (8).

Tumor volume reduction rate after chemotherapy = (tumor
volume before chemotherapy — tumor volume after
chemotherapy)/tumor volume before chemotherapy x 100%.

Surgery

Laparoscopic exploration was performed 6-8 weeks after the end
of concurrent chemoradiotherapy. Surgical treatment involved
total gastrectomy and subsequent extended lymph node
dissection (D2 resection). Reconstruction of the digestive tract
involved Roux-en-Y esophagojejunostomy.

Nutritional Support

The treated group started with 500 ml of the enteral nutrition
(EN) suspension (total protein fiber, TPF) (Nutrison Fiber®), an
oral nutrition supplementation (ONS) (500 ml per bottle
containing energy 500 kcal, protein 20 g, fat 19.45 g, and
carbohydrate 61.5 g), 7 days before surgery in addition to a
routine preoperative diet (35 kcal/kg/day) according to dietary
guidance. Patients in this group also received TPF 48 h after
surgery via a nasojejunal tube placed during surgery. The feeding
speed increased from the initial 30 ml/h according to the
tolerance of the patients’ intestinal tracts. In general,
nutritional support was shifted to the total EN 3-5 days after
surgery, where patients were expected to start a semiliquid diet 4
days later. Consequently, the amounts of energy and protein
were 25-30 kcal/kg/day and 1.0-1.5 g/kg/day, respectively, with
the insufficient component supplemented with parenteral
nutrition (9).

Pathological Analysis

The pathological examination included the detection of tumor
size, depth of invasion, number of metastatic lymph nodes,
surgical margins, HER-2 expression, and tumor regression
grade (TRG).

TRG was defined as follows: grade 0 (complete remission), no
cancer cells; grade 1 (partial remission), single cells or a small
group of cancer cells; grade 2 (low efficacy), residual cancer
outgrown by fibrosis; and grade 3 (poor efficacy), minimum or
no treatment effect with extensive residual cancer cells.

Follow-Up

During the first year after treatment completion, patients
received regular check-ups every 3 months. In the second year,
regular follow-ups took place every 6 months and annually
thereafter until 5 years after treatment. Additional interim
visits were scheduled if complaints, such as renewed dysphagia
and unexplained weight loss or pain, arose before the next
scheduled visit. Diagnostic investigations were only undertaken

as necessary measures during follow-up. No data on adverse
events were collected beyond the initial report of this trial.

Statistical Analysis

Statistical analysis was performed with SPSS version 19.0
software and GraphPad Prism version 7. Quantitative data
were compared using the chi-square test. Qualitative data were
compared using the t-test and are expressed as the mean +
standard deviation. The Kaplan-Meier method was used to
calculate overall survival (OS) and disease-free survival (DES).
A p-value < 0.05 was considered statistically significant.

RESULTS

Patient Data

A total of 149 patients with AEG who were admitted to the Fourth
Hospital of Hebei Medical University between August 2012 and
January 2016 were enrolled in this study. Patients were randomized
at a 1:1 ratio using a stratified method (HER2 expression): a
concurrent chemoradiotherapy group (n = 76) or a surgery
group (n = 73). Patients in the concurrent chemoradiotherapy
group (68 males and 8 females, median age 64 years, range: 43-75
years) received concurrent chemoradiotherapy and subsequent
surgery. Patients in the surgery group (63 males and 10 females,
median age 65 years, range: 42-74 years) were treated with surgery
without chemoradiotherapy preoperatively. The general clinical
characteristics of the patients in the two groups are shown in
Table 1. After the end of concurrent chemoradiotherapy, 11
patients did not undergo surgery, 3 patients due to disease
progression and 8 patients due to poor tolerance or economic
reasons (Figure 1).

Clinical Efficacy

In the treated group, evaluation according to RECIST 1.1
revealed CR in 0 patients, PR in 31 patients, SD in 42 patients,
and PD in 3 patients. The RR in the treated group was 40.8% (31/
76), and the tumor control rate was 96.1% (73/76).

The tumor volume was 53.23 + 21.57 cm’ before nCRT, and
the tumor volume was 45.26 + 22.39 cm® after nCRT. Based on
CT measurements of tumor volume reduction, the effective rate
was 47.4%.

Safety Evaluation

The hematologic toxic effects included leukopenia, neutropenia,
anemia, thrombocytopenia, and abnormal liver function. The
incidence of neutropenia in the treated group was greater than
that in the control group, and the difference was statistically
significant (65.8% vs. 38.4%, p = 0.034). The nonhematologic
toxic effects included nausea, vomiting, diarrhea, constipation,
hand-foot syndrome, and fatigue. These toxic effects were
mainly graded 1-2. The incidence of nausea in the treated
group was greater than that in the control group, and the
difference was statistically significant (67.1% vs. 47.9%, p =
0.032). The incidence of fatigue in the treated group was
greater than that in the control group, and the difference
was statistically significant (61.8% vs. 39.7%, p = 0.022).
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TABLE 1 | General clinical characteristics of patients in the two groups.

Concurrent chemoradiotherapy (n = 76) Surgery alone (n = 73) P
Age (years) 64 (43-75) 65 (42-74) 0.823
Sex [n (%)] 0.553
M 68 (89.5) 63 (86.3)
F 8(10.5) 10 (13.7)
Vertical axis diameter of the tumor (cm) 4.6 (3-7) 4.4 (3-7) 0.757
HER2 expression 0.723
0 21 (27.6) 19 (26)
1+ 23 (30.9) 26 (35.6)
2+ (FISH: negative) 23 (30.9) 17 (23.3)
3+ (or FISH: positive) 9(11.8) 11 (15.1)
Clinical T stage [n (%)] 0.603
cT3 27 (35.5) 23 (31.5
cT4 49 (64.5) 50 (68.5
Clinical N stage [n (%)] 0.950
cNO 21 (27.6) 20 (27.4)
cN1 20 (26.3) 18 (24.7)
cN2 24 (31.6) 26 (35.6)
cN3 11 (14.5) 9(12.3)
ECOG score [n (%)) 0.597
0 30 (39.5) 23 (31.5)
1 36 (47.4) 39 (563.4)
2 10 (13.1) 11 (15.1)

The incidences of grade 3-4 hematologic and nonhematologic
toxicities were low in the two groups, and the difference was not
statistically significant (p > 0.05). Radiation gastritis/esophagitis
and pneumonitis were unique to the treated group, with
incidence rates of 43.4% and 13.2%, respectively, and these
toxic effects were mainly grade 1-2 (Table 2).

Perioperative Complications

The incidence of wound infection, anastomotic bleeding,
anastomotic leakage, abdominal infection, and intestinal
obstruction was low, and the difference between groups was
not statistically significant (p > 0.05). The incidence of pleural
effusion in the treated group was higher than that in the control

149 patients enrolled and randomly assigned

76 assigned to neoadjuvant
chemoradiotherapy

and surgery

9 positive HER-2 expression

11 patients did not unde:

¢ to poor tolerance or

76 were included in the analysis

FIGURE 1 | Trial profile.

73 assigned to surgery alone

62 negative HER-2 expression

A4

re included in the analysis
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TABLE 2 | Toxic effects of concurrent chemoradiotherapy/adjuvant chemotherapy in the two groups [n (%))].

Concurrent chemoradiotherapy: incidence rate (n, %) Surgery alone: incidence rate (n, %) P
Grade 1 Grade 2 Grade 3-4 Grade 1 Grade 2 Grade 3-4  Grade 1-4 Grade 3-4

Hematologic

Anemia 30 (39.5) 79.2) 3 (3.9 23 (31.5) 7 (9.6) 1(1.4) 0.340 0.611

Neutropenia 25 (32.8) 21 (27.6) 4(5.3) 17 (23.3) 10 (13.7) 1(1.4) 0.034 1.000

Thrombocytopenia 25 (32.8) 9(11.8) 2 (2.6) 16 (21.9) 5(6.8) - 0.078 0.486

Liver dysfunction 17 (22.4) 2 (2.6) 13(17.8) 3 (4.1) - 0.374 -
Non-hematologic

Nausea 28 (36.8) 19 (25) 4 (5.3 18 (24.7) 13(17.8) 4 (5.5) 0.032 1.000

Vomit 13 (17.1) 79.2) 2 (2.6) 10 (13.7) 5(6.8) 1(1.4) 0.662 0.785

Diarrhea 9(11.8) 6(7.9) 4 (5.3 9(12.3) 4 (5.5) 3.6 (2/56) 0.374 0.673

Constipation 79.2) 3(3.9 2(2.6) 7 (9.6) 4 (5.5 1(1.4) 1.000 1.000

Hand-foot syndrome 14 (18.4) 6 (7.9) 4(5.3) 13 (17.8) 8 (11) 1(1.4) 1.000 0.354

Weak 40 (52.6) 79.2) - 26 (35.6) 3(4.1) - 0.022 -

Radiation gastritis/esophagitis 9(11.8) 13(17.1) 11 (14.5) - - - 0.000 0.001

Radiation pneumonia 79.2) 3 (3.9 - - - 0.009 -

group, and this difference was statistically significant (23.08% vs.
6.85%, p = 0.007). The incidence of lung infection in the treated
group was higher than that in the control group, and this
difference was statistically significant (24.62% vs. 8.22%, p =
0.009). One patient in the treated group died during the
perioperative period due to severe pulmonary infection
(Tables 3, 4). In the intention-to-treat analysis, the incidences
of pleural effusion and pneumonia were also significantly
different between the two groups (19.74% vs. 6.85%, p = 0.021;
21.05% vs. 8.22%, p = 0.027).

Surgery and Pathological Evaluation

The RO resection rates in the treated group and the control group
were 97% (63/65) and 87.7% (64/73), respectively, and this
difference was statistically significant (y* = 4.012, p = 0.045).
In the treated group, the pathological complete response (pCR)
rate was 16.9% (11/65), and the total pathological response rate
(grade 1 + grade 0) was 47.7% (31/65). The pathological lymph
node metastasis rate and positivity rate were 43.1% and 3.9%,
respectively, in the treated group and 76.7% and 20.9%,
respectively, in the control group (Table 5). In the intention-
to-treat analysis, there was no significant difference in the RO
resection rate between the two groups (86.3% vs. 87.7%, p
= 0.806).

Follow-Up

The median follow-up time was 52 months (27-77) in all patients,
and the median DEFS times in the treated group and the control
group were 33 and 27 months, respectively (HR 0.68, [95%

confidence interval (CI) 0.44-1.05], p = 0.08) (Figure 2). In the
treated group, 30 patients had recurrence and metastasis, 8 patients
had local recurrence, 27 patients had distant metastasis, and 5
patients had two or more recurrent metastases; therefore, the rate of
total recurrence/distant metastases was 39.5% (30/76). In the
control group, 39 patients had recurrence and metastasis, 20
patients had local recurrence, 26 patients had distant metastasis,
and 7 patients had two or more recurrent metastases. Therefore, the
rate of total recurrence/distant metastases was 53.4% (39/73)
(Table 6). The median OS times were 39 and 30 months (HR
0.59,[95% CI0.38-0.91], p = 0.01) (Figure 3), and the survival rates
were 43.94% and 36.92% (){2 =0.83, p = 0.362).

The median DFS times of patients with positive or negative
HER-2 expression in the treated group were 13 and 43 months,
respectively (HR 0.36, [95% CI 0.09-1.33], p = 0.01), and the
median OS times were 27 and 41 months, respectively (HR 0.35,
[95% CI 0.09-1.30], p = 0.01) (Figures 4, 5). The median DFS
times of patients with positive and negative HER-2 expression in
the control group were 22 and 30 months, respectively (HR 0.57,
[95% CI 0.24-1.39], p = 0.17), and the median OS times were 24
and 31.5 months, respectively (HR 0.59, [95% CI 0.23-1.49], p =
0.16) (Figures 6, 7).

DISCUSSION

The efficacy of nCRT has been investigated in numerous clinical
trials (10-12). Our results showed that patients with AEG who
received nCRT benefitted more than those who received direct

TABLE 3 | Peri-operative complications in the two groups [n (%)].

Concurrent chemoradiotherapy

Surgery alone P

Incisional infection 4.62% (3/65)
Anastomotic bleeding 1.54% (1/65)
Anastomotic leakage 3.08% (2/65)
Abdominal infection 0% (0/65)

Intestinal obstruction
Pleural effusion
Pulmonary infection

3.08% (2/65)
23.08% (15/65)
24.62% (16/65)

2.74% (2/793) 0.556

1.37% (1/73) 0.934

1.37% (1/73) 0.492

1.37% (1/73) 0.344

1.37% (1/793) 0.492

6.85% (5/73) 0.007
6/73)

8.22% (6/73 0.009
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TABLE 4 | Grade Il and above perioperative complications in the two groups [n (%)].

Complication

Grade |l 5 (Pleural effusion)

1 (Anastomotic bleeding)
Grade IV 1 (Pulmonary infection)
Grade V 1 (Pulmonary infection)

Incidence of grade lIl and above 12.31% (8/65)

Concurrent chemoradiotherapy

Surgery alone P

2 (Pleural effusion)

1 (Puimonary infection)
0

4.1% (3/73) 0.065

surgery according to the RO resection rate and long-term
survival. On this basis, we intended to seek a more efficient
and safe treatment plan to prolong patient survival. Therefore,
we performed preoperative nCRT on AEG patients according to
the anatomical features of the esophagogastric junction.

In terms of the clinical and pathological evaluations, the
effective rate was 40.8% in the treated group according to
RECIST 1.1. At present, there are certain limitations associated
with the clinical TNM staging system and RECIST, and the
¢TNM staging system differs from the pTNM staging system.
RECIST can be used to evaluate solid tumors. However, for
hollow organs, fluctuations in the degree of organ filling and the
method used to select the longest diameter are obvious.
Therefore, our center selected the tumor volume reduction rate
after neoadjuvant treatment as the curative effect. The effective
rate of nCRT was 47.4%, and although it was not completely
consistent with the number of patients who received a
pathological evaluation, it was similar to pathological efficiency
(48.4%). However, tumor volume measurements, laparoscopic
exploration and pathological HER-2 results could be used to
supplement the clinical stage to select a more suitable treatment
and predict prognosis.

There are significant differences in the delineation, dose, and
range of radiotherapy for AEG (13-15). Although the European
Organisation for Research and Treatment of Cancer (EORTC)
elaborated on the delineation of preoperative radiotherapy target
areas of AEG, there are some differences between the EORTC
and National Comprehensive Cancer Network (NCCN)
guidelines in the recommended high-risk lymph node
prophylaxis areas. According to the literature reports, the
difficulty of radiotherapy technology for AEG is mainly
attributed to determining the boundary of the GTV, the
reasonable expansion of the CTV, and the irradiation range of
high-risk lymph node areas. Until recently, there have been few
related studies and a lack of data on pathological results. There is
no accepted standard for preoperative radiotherapy target area

delineation. In this study, the water filling method was used for
CT simulation, and the CTV range was mainly determined by
the thickening of lesions displayed on enhanced CT images and
the results of upper gastrointestinal angiography and
gastroscopy. Standard GTV-t to CTV-t expansions were 2 cm
in the superior-inferior direction and 0.8 cm laterally and
anteroposteriorly. CTV-nd included CTV-nd and involved
fields; 0.8-1.0 cm was added so that CTV + 0.8-1.0 cm = PTV.
This radiotherapy program can achieve a better pCR rate, reduce
the lymph node metastasis rate, and increase the RO resection
rate. The incidence of acute radiation inflammatory reactions is
low, and the tolerance is good.

The pCR rate in this study was 16.9% (11/65), which was close
to that of the PreOperative therapy in Esophagogastric
adenocarcinoma Trial (POET) (14.3%) (5). A European study
on the time interval between nCRT and surgery for esophageal or
junctional cancer (16) showed that 906 (29%) of 3,091 patients
achieved a pCR. In this study, we confirmed that the pCR rate
was mainly related to the pathological type, duration of surgery
or nCRT, and cT stage. An interval of 210 weeks for
adenocarcinoma and >13 weeks for squamous cell carcinoma
between nCRT and esophagectomy was associated with a higher
probability of achieving pCR. The 30-day/in-hospital mortality
rate was higher in patients with extended intervals (10-12 and
215 weeks). In this study, for adenocarcinoma of the
esophagogastric junction, the percentage of patients who
achieved a pCR was 15%-17% with an interval of 6-9 weeks,
which was similar to the results of our study. In terms of safety,
the incidence of pleural effusion increased significantly, which
might be related to tissue edema caused by radiotherapy. The
incidence of pulmonary infection in the perioperative period also
significantly increased, and one patient died due to pulmonary
infection. Therefore, lung function and the respiratory system
should be fully evaluated in patients who receive nCRT before
surgery. Lung function should be examined early after surgery to
anticipate early detection and early treatment. Precise nutritional

TABLE 5 | Surgery and pathological evaluation in the two groups [ (%)].

Concurrent chemoradiotherapy (%/N) Surgery alone (%/N) p

RO resection rate 97 (63/65) 87.7 (64/73) 0.045
PCR rate 16.9 (11/65)
TRG

0 16.9 (11/65)

1 30.8 (20/65)

2 46.2 (30/65)

3 6.1 (4/65)
Lymph node metastasis rate 43.1 (28/65) 76.7 (56/73) 0.000
Lymph node positive rate 3.9 (73/1853) 20.9 (424/2031) <0.05
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FIGURE 2 | Comparison of DFS in the two groups.
TABLE 6 | Metastatic site in the two groups.
Concurrent chemoradiotherapy (N/%) Surgery alone (N/%)
Local recurrence
Anastomotic/residual stomach 6 (7.9 14 (19.1)
Regional tissue 226 6(8.2)
Distant metastasis
Lung 1(1.3 0
Liver 3(3.9) 6(8.2)
Bone 101.9) 1(1.4)
Brain 0 1(1.4)
Peritoneum 17 (22.4) 15 (10.5)
Distant lymph node 5(6.6) 34.1)
Total recurrence/distant metastases 30 (39.5) 39 (53.4)
100
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FIGURE 3 | Comparison of OS in the two groups.
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FIGURE 4 | DFS of HER-2-positive and -negative patients in the test group.
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FIGURE 7 | OS of HER-2-positive and -negative patients in the control group.

therapy for the perioperative period can improve postoperative
complications (9).

Based on the successful experience of preoperative concurrent
chemoradiotherapy for esophageal adenocarcinoma (17), the
clinical possibilities of nCRT for AEG (14, 18) are endless, and
the CROSS and POET trials (5, 6, 19, 20) confirmed the effect of
nCRT on reducing recurrence and metastasis and improving
survival and quality of life in AEG patients. In this study,
neoadjuvant concurrent chemoradiotherapy significantly
improved OS, especially for patients with local recurrence. The
addition of radiotherapy is one of the main reasons for the

80

decrease in the local recurrence rate. The most frequent type of
distant metastasis in the two groups was peritoneal metastasis,
which may be related to the fact that the inclusion criteria did not
require a cytological examination of abdominal exfoliation. In
addition, it is worth noting that some studies (21, 22) showed
that HER-2 overexpression suggested a poor prognosis. In the
subgroup analysis of this study, we also found that DFS and OS
were significantly different between patients in the treated group
with HER-2 overexpression and those with negative HER-2
expression, providing insights into our subsequent in-depth
study. We have provided different targeted therapies for
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patients with different HER-2 expression statuses based on
nCRT, and we expect reports on the effectiveness and safety of
this trial in the future.

At present, nCRT is effective and relatively safe for patients
with locally advanced Siewert type II and III AEGs and can be
used as a standard treatment mode.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethical Review Committee of Hebei Medical

REFERENCES

1. Liu K, Yang K, Zhang W, Chen X, Chen X, Zhang B, et al. Changes of
Esophagogastric Junctional Adenocarcinoma and Gastroesophageal Reflux
Disease Among Surgical Patients During 1988-2012: A Single-Institution,
High-Volume Experience in China. Ann Surg (2016) 263:88-95. doi: 10.1097/
SLA.0000000000001148

2. Buas MF, Vaughan TL. Epidemiology and Risk Factors for Gastroesophageal
Junction Tumors: Understanding the Rising Incidence of This Disease. Semin
Radiat Oncol (2013) 23:3-9. doi: 10.1016/j.semradonc.2012.09.008

3. Colquhoun A, Arnold M, Ferlay ], Goodman KJ, Forman D, Soerjomataram I.
Global Patterns of Cardia and non-Cardia Gastric Cancer Incidence in 2012.
Gut (2015) 64:1881-8. doi: 10.1136/gutjnl-2014-308915

4. Briicher BLDM, Kitajima M, Siewert JR. Undervalued Criteria in the
Evaluation of Multimodal Trials for Upper GI Cancers. Cancer Investig
(2014) 32:497-506. doi: 10.3109/07357907.2014.958497

5. Stahl M, Walz MK, Riera-Knorrenschild J, Stuschke M, Sandermann A, Bitzer
M, et al. Preoperative Chemotherapy Versus Chemoradiotherapy in Locally
Advanced Adenocarcinomas of the Oesophagogastric Junction (POET):
Long-Term Results of a Controlled Randomised Trial. Eur ] Cancer (2017)
81:183-90. doi: 10.1016/j.ejca.2017.04.027

6. Shapiro J, van Lanschot JJB, Hulshof MCCM, van Hagen P, van Berge
Henegouwen MI, Wijnhoven BPL, 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) 16:1090-8. doi: 10.1016/S1470-2045(15)00040-6

7. Zhao Q, Li Y, Wang J, Zhang J, Qiao X, Tan B, et al. Concurrent
Neoadjuvant Chemoradiotherapy for Siewert II and III Adenocarcinoma at
Gastroesophageal Junction. Am ] Med Sci (2015) 349:472-6. doi: 10.1097/
MAJ.0000000000000476

8. Zhao Q, Lian C, Huo Z, Li M, Liu Y, Fan L, et al. The Efficacy and Safety of
Neoadjuvant Chemotherapy on Patients With Advanced Gastric Cancer: A
Multicenter Randomized Clinical Trial. Cancer Med (2020) 9:5731-45. doi:
10.1002/cam4.3224

9. Zhao Q, Li Y, Yu B, Yang P, Fan L, Tan B, et al. Effect of Postoperative
Precision Nutrition Therapy on Postoperative Recovery for Advanced Gastric
Cancer After Neoadjuvant Chemotherapy. Chin J Oncol (2018) 40:127-32.
doi: 10.3760/cma.j.issn.0253-3766.2018.02.009

10. Ronellenfitsch U, Schwarzbach M, Hofheinz R, Kienle P, Kieser M, Slanger
TE, et al. Preoperative Chemo(Radio)Therapy Versus Primary Surgery for
Gastroesophageal Adenocarcinoma: Systematic Review With Meta-Analysis
Combining Individual Patient and Aggregate Data. Eur | Cancer (2013)
49:3149-58. doi: 10.1016/j.ejca.2013.05.029

University. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

QZ designed the research. QZ, YT, JW, JZ, and XQ collected
clinical data and performed the research. YL, LF, PY, ZZ, XZ,
DW and BT performed the experiments. BT and YT analyzed the
data. QZ and YT wrote the paper. All authors contributed to the
article and approved the submitted version.

FUNDING

This study was supported by the University Research Project of
Hebei Province (grant no. ZD2019139) and the Medical
Research Project of Hebei Province (grant no. 20201137).

11. Ychou M, Boige V, Pignon JP, Conroy T, Bouche O, Lebreton G, et al.
Perioperative Chemotherapy Compared With Surgery Alone for Resectable
Gastroesophageal Adenocarcinoma: An FNCLCC and FFCD Multicenter
Phase III Trial. J Clin Oncol (2011) 29:1715-21. doi: 10.1200/
JCO.2010.33.0597

12. Davies AR, Gossage JA, Zylstra J, Mattsson F, Lagergren J, Maisey N, et al.
Tumor Stage After Neoadjuvant Chemotherapy Determines Survival After
Surgery for Adenocarcinoma of the Esophagus and Esophagogastric Junction.
J Clin Oncol (2014) 32:2983-90. doi: 10.1200/JC0O.2014.55.9070

13. van Hagen P, Hulshof MCCM, van Lanschot JJB, Steyerberg EW,
Henegouwen MIB, Wijnhoven BPL, et al. Preoperative Chemoradiotherapy
for Esophageal or Junctional Cancer. N Engl ] Med (2012) 366:2074-84. doi:
10.1056/NEJMoal112088

14. Burmeister BH, Smithers BM, Gebski V, Fitzgerald L, Simes R], Devitt P, et al.
Surgery Alone Versus Chemoradiotherapy Followed by Surgery for Resectable
Cancer of the Oesophagus: A Randomised Controlled Phase III Trial. Lancet
Oncol (2005) 6:659-68. doi: 10.1016/S1470-2045(05)70288-6

15. Tepper J, Krasna M]J, Niedzwiecki D, Hollis D, Reed CE, Goldberg R, et al.
Phase III Trial of Trimodality Therapy With Cisplatin, Fluorouracil,
Radiotherapy, and Surgery Compared With Surgery Alone for Esophageal
Cancer: CALGB 9781. ] Clin Oncol (2008) 26:1086-92. doi: 10.1200/
JC0O.2007.12.9593

16. van der Werf LR, Dikken JL, van der Willik EM, van Berge HMI,
Nieuwenhuijzen GAP, Wijnhoven BPL, et al. Time Interval Between
Neoadjuvant Chemoradiotherapy and Surgery for Oesophageal or
Junctional Cancer: A Nationwide Study. Eur J Cancer (2018) 91:76-85. doi:
10.1016/j.ejca.2017.12.009

17. Sjoquist KM, Burmeister BH, Smithers BM, Zalcberg JR, Simes R], Barbour A,
et al. Survival After Neoadjuvant Chemotherapy or Chemoradiotherapy for
Resectable Oesophageal Carcinoma: An Updated Meta-Analysis. Lancet
Oncol (2011) 12:681-92. doi: 10.1016/S1470-2045(11)70142-5

18. Nakamura K, Kato K, Igaki H, Ito Y, Mizusawa J, Ando N, et al. Three-Arm
Phase IIT Trial Comparing Cisplatin Plus 5-FU (CF) Versus Docetaxel,
Cisplatin Plus 5-FU (DCF) Versus Radiotherapy With CF (CF-RT) as
Preoperative Therapy for Locally Advanced Esophageal Cancer (JCOG1109,
Next Study). Jpn J Clin Oncol (2013) 43:752-5. doi: 10.1093/jjco/hyt061

19. Oppedijk V, van der Gaast A, van Lanschot JJB, van Hagen P, van Os R, van
Rij CM, et al. Patterns of Recurrence After Surgery Alone Versus Preoperative
Chemoradiotherapy and Surgery in the CROSS Trials. J Clin Oncol (2014)
32:385-91. doi: 10.1200/JC0O.2013.51.2186

20. Noordman BJ, Verdam MGE, Lagarde SM, Hulshof M, van Hagen P, van
Berge Henegouwen MI, et al. Effect of Neoadjuvant Chemoradiotherapy on
Health-Related Quality of Life in Esophageal or Junctional Cancer: Results

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 756440


https://doi.org/10.1097/SLA.0000000000001148
https://doi.org/10.1097/SLA.0000000000001148
https://doi.org/10.1016/j.semradonc.2012.09.008
https://doi.org/10.1136/gutjnl-2014-308915
https://doi.org/10.3109/07357907.2014.958497
https://doi.org/10.1016/j.ejca.2017.04.027
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1097/MAJ.0000000000000476
https://doi.org/10.1097/MAJ.0000000000000476
https://doi.org/10.1002/cam4.3224
https://doi.org/10.3760/cma.j.issn.0253-3766.2018.02.009
https://doi.org/10.1016/j.ejca.2013.05.029
https://doi.org/10.1200/JCO.2010.33.0597
https://doi.org/10.1200/JCO.2010.33.0597
https://doi.org/10.1200/JCO.2014.55.9070
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1016/S1470-2045(05)70288-6
https://doi.org/10.1200/JCO.2007.12.9593
https://doi.org/10.1200/JCO.2007.12.9593
https://doi.org/10.1016/j.ejca.2017.12.009
https://doi.org/10.1016/S1470-2045(11)70142-5
https://doi.org/10.1093/jjco/hyt061
https://doi.org/10.1200/JCO.2013.51.2186
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Tian et al.

Long-Term Efficacy of nCRT for AEG

From the Randomized CROSS Trial. J Clin Oncol (2018) 36:268-75. doi:
10.1200/JC0O.2017.73.7718

Liang JW, Zhang JJ, Zhang T, Zheng ZC. Clinicopathological and
Prognostic Significance of HER2 Overexpression in Gastric Cancer: A Meta-
Analysis of the Literature. Tumor Biol (2014) 35:4849-58. doi: 10.1007/s13277-
014-1636-3

Gravalos C, Jimeno A. HER2 in Gastric Cancer: A New Prognostic Factor and
a Novel Therapeutic Target. Ann Oncol (2008) 19:1523-9. doi: 10.1093/
annonc/mdn169

21.

22.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Tian, Wang, Qiao, Zhang, Li, Fan, Zhang, Zhao, Tan, Wang, Yang
and Zhao. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 756440


https://doi.org/10.1200/JCO.2017.73.7718
https://doi.org/10.1007/s13277-014-1636-3
https://doi.org/10.1007/s13277-014-1636-3
https://doi.org/10.1093/annonc/mdn169
https://doi.org/10.1093/annonc/mdn169
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Long-Term Efficacy of Neoadjuvant Concurrent Chemoradiotherapy for Potentially Resectable Advanced Siewert Type II and III Adenocarcinomas of the Esophagogastric Junction
	Introduction
	Materials and Methods
	Regimen for Chemotherapy
	Regimen for Radiotherapy
	Determination of Therapeutic Efficacy
	Surgery
	Nutritional Support
	Pathological Analysis
	Follow-Up
	Statistical Analysis

	Results
	Patient Data
	Clinical Efficacy
	Safety Evaluation
	Perioperative Complications
	Surgery and Pathological Evaluation
	Follow-Up

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


