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Abstract: This study aimed to investigate the efficacy and safety of concurrent neoadjuvant chemoradiotherapy 
(CRT) plus apatinib in treating locally advanced, HER2-negative, Siewert’s type II-III adenocarcinoma of esophago-
gastric junction (AEG) patients. Thirty eligible patients were analyzed in this single-arm, open-label, phase II trial. 
Patients received neoadjuvant regimen as follows: two cycles of apatinib (orally, 250 mg/day on day 1-28), two 
cycles of capecitabine (orally, 1,000 mg/m2 twice daily on day 1-14), oxaliplatin (intravenously, 130 mg/m2 on day 
1), and concurrent radiotherapy (a total dose of 45 Gy in 25 fractions) started on day 1 of chemotherapy. Then, 
surgery was performed within 8-12 weeks after the completion of neoadjuvant therapy. This trial was registered 
on the ClinicalTrials.gov website (access number: NCT03349866). After neoadjuvant CRT plus apatinib treatment, 
18 (60.0%) patients achieved objective response, 29 (96.7%) patients achieved disease control, and 20 (66.7%) 
patients achieved down-staging. Encouragingly, tumor regression grade (TRG) 0, TRG 1, TRG 2 and TRG 3 were 
observed in 33.3%, 20.0%, 30.0% and 10.0% patients, respectively; the pathological complete response rate was 
33.3%, and the R0 resection rate was 93.3%. Regarding survivals, the 1-year and 2-year progression-free survival 
rates were 96.7% and 88.1%, respectively. Meanwhile, the 1-year and 2-year overall survival rates were 100.0% 
and 96.6%, respectively. As to safety, the majority of the adverse events were of mild grade, and the post-operative 
complications were manageable. In conclusion, neoadjuvant CRT plus apatinib exhibits high efficacy and accept-
able tolerance in patients with locally advanced, HER2-negative, Siewert’s type II-III AEG.
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Introduction

Adenocarcinoma of esophagogastric junction 
(AEG) is a heterogenous malignancy with an 
alarming and increasing incidence worldwide, 
especially in Eastern Asia [1, 2]. Due to its spe-
cial anatomical location joining esophagus and 
noncardia stomach as well as its lack of a uni-
fied definition or classification, AEG has not 
been regarded as a disease independent from 
esophageal cancer or gastric cancer until 
recently [3]. AEG is mainly classified by 
Japanese typing or Siewert’s typing, among 

which Siewert’s typing (including Siewert’s type 
I, II and III) is based on the refined anatomic 
staging of AEG to tailor surgical approaches [4, 
5]. Currently, surgical resection is the primary 
curative paradigm for the treatment of AEG 
patients, while the prognosis remains deteriora-
tive with five-year survival rate of about 30% in 
AEG patients with surgery alone owning to high 
risk of distant/locoregional recurrence follow-
ing surgery [1, 2, 6, 7]. The above-mentioned 
situation emphasizes the continual need for 
novel and more effective regimens in the man-
agement of AEG patients.
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Several studies have demonstrated that neo-
adjuvant or perioperative multimodal treat-
ments consisting of chemotherapy, radiation or 
their combination improve the R0 resection 
rate and survival compared to surgery alone in 
gastric adenocarcinoma patients or AEG 
patients [8-10]. Meanwhile, our previous stud-
ies have illuminated that concurrent neoadju-
vant chemoradiotherapy (CRT) increases treat-
ment response, pathological response and/ 
or prolongs survivals in AEG patients with 
Siewert’s type II-III compared to surgery alone 
or neoadjuvant chemotherapy alone [11, 12]. 
More recently, apatinib has been introduced  
as an anti-angiogenic, small-molecule VEGFR2 
inhibitor in the treatment of gastric adenocarci-
noma patients or AEG patients, showing good 
efficacy and well-tolerant safety profiles [13, 
14]. Additionally, the efficacy and safety of  
neoadjuvant chemotherapy plus apatinib are 
reported by one previous study, which illumi-
nates that the regimen displays promising 
treatment response, pathological complete 
response (pCR) and acceptable safety profiles 
in locally advanced gastric adenocarcinoma 
patients [15]. However, in locally advanced AEG 
patients, the application of neoadjuvant CRT 
plus apatinib is seldom reported.

Therefore, this phase II trial aimed to evaluate 
the efficacy and safety of a new neoadjuvant 
regimen containing CRT plus apatinib in the 
treatment of patients with locally advanced, 
HER2-negative, Siewert’s type II-III AEG.

Methods

Study design

This was a single-arm, open-label, phase II trial, 
aimed at investigating the efficacy and safety 
of neoadjuvant CRT plus apatinib in patients 
with HER2-negative, Siewert’s type II-III AEG. 
This study was approved by the Ethics Com- 
mittee of Fourth Hospital of Hebei Medical 
University with approval number 2017083. All 
eligible participants voluntarily signed the 
informed consents in line with the institutional 
and federal guidelines. The clinical trial register 
number was NCT03349866. 

Participants 

The inclusion criteria comprised of: (1) newly 
diagnosed AEG confirmed by histological exam-

ination; (2) aged from 18 to 70 years; (3) locally 
advanced (T3N+ or T4N+, M0, CY0, P0) and 
resectable disease; (4) Siewert’s type II-III dis-
ease; (5) HER2-negative confirmed by im- 
munohistochemistry and fluorescence in situ 
hybridization (FISH); (6) the maximum diameter 
of the tumor not exceeding 8 cm by gastrosco-
py and CT; (7) Eastern Cooperative Oncology 
Group (ECOG) performance status of 0-1; (8) 
sufficient hepatic, hematological, and kidney 
functions (aspartate transaminase and alanine 
transaminase level ≤2.5 upper limit of normal 
(ULN); hemoglobin ≥80 g/L, neutrophil count 
≥1.5×109/L, platelet count ≥9×109/L, serum 
total bilirubin level ≤1.5 ULN and serum creati-
nine level ≤1.5 ULN).

The exclusion criteria were as follows: (1) aller-
gic reactions to study drugs; (2) patients com-
plicated with other malignancies; (3) presence 
of positive peritoneal cytology (CY1) and perito-
neal dissemination (P1) revealed through the 
staging laparoscopy and peritoneal lavage; (4) 
pregnant or lactating female patients.

Treatment

Treatment procedures were as follows: first, 
patients received neoadjuvant CRT plus apa-
tinib and XELOX (capecitabine plus oxaliplatin) 
regimen prior to surgery; then surgery was  
performed within 8 to 12 weeks after neoadju-
vant therapy; after surgery, patients received 
adjuvant chemotherapy with capecitabine. 
Specifically, before surgery, patients received 
two 28-day cycles of apatinib, orally, 250 mg, 
once a day, days (d) 1 to 28, concurrent  
with two 21-day cycles of capecitabine orally, 
1,000 mg/m2, twice a day, d1-14 of each  
cycle, plus oxaliplatin intravenously, 130 mg/
m2 on day 1 of each cycle. Meanwhile, radio-
therapy was started from the day 1 of the first 
cycle of chemotherapy, and a total dose of 45 
Gy was given at a daily fraction of 1.8 Gy, 5 
days per week (excluding weekends). Radiation 
therapy schedule was made up of a three-
dimensional CT simulation (3-5 mm slice thick-
ness) with custom immobilization devices. 
Patients underwent surgery within 8 to 12 
weeks after completion of neoadjuvant concur-
rent therapy. An open gastrectomy or laparo-
scopic gastrectomy was selected depending on 
the characteristics of the patient and the exper-
tise of the surgeon.
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Surgical procedures consisted of D2 lymphad-
enectomy and either (1) proximal subtotal gas-
trectomy (with jejunal interposition surgery or 
an esophageal gastric remnant anastomosis) 
or (2) total gastrectomy (with jejunal interposi-
tion surgery). Most importantly, all the pa- 
tients underwent a second-look laparoscopy 
and peritoneal lavage before surgery to ex- 
clude CY1 and P1 that developed during neoad-
juvant therapy. For patients with CY1 or P1 
developed during neoadjuvant therapy, they 
were administered with systemic therapy per 
regimen for stage IV disease. After surgery, 
patients received six 3-week cycles of cape- 
citabine orally, 1,000 mg/m2, twice a day,  
d1-14 of each cycle. During the treatment, tox-
icity surveillance was performed for all patients, 
which was graded referring to the NCI Common 
Terminology Criteria for Adverse Events (CTCAE) 
Version 4.0. 

Assessments

The primary outcome was the pCR. The se- 
condary outcomes comprised the objective 
response rate (ORR) at two weeks before the 
second-look staging laparoscopy, the disease 
control rate (DCR) at two weeks before the sec-
ond-look staging laparoscopy, successful 
down-staging rate, the tumor regression grade 
(TRG), the R0 resection rate, and the adverse 
events from the treatment initiation within 1 
month after surgery. The response to neoadju-
vant CRT plus apatinib therapy was evaluated 
referring to the Response Evaluation Criteria  
in Solid Tumors (RECIST Version 1.1). The 
response was made up of four classifications: 
complete response (CR), partial response (PR), 
stable disease (SD) and progressive disease 
(PD). Besides, in order to further assess the 
response outcome, the ORR (CR+PR) and DCR 
(CR+PR+SD) were also calculated.

Clinical TNM staging was carried out before and 
after neoadjuvant CRT plus apatinib therapy in 
terms of the criteria developed by American 
Joint Committee on Cancer (8th edition). The 
successful down-staging was defined as the 
clinical TNM stage of patients decreased form 
stage III to stage II or I after neoadjuvant CRT 
plus apatinib therapy.

Pathological response of the tumor to neoadju-
vant CRT plus apatinib treatment was assessed 
as well. The resection margin status as well as 

tumor regression grade (TRG) were document-
ed. R0 resection was defined as no cancer cells 
at resection margins. TRG included four grad- 
es, and each grade was defined as follows: 
Grade 0: complete remission (no cancer cells); 
Grade 1: partial remission (single cells or small 
groups of cancer cells); Grade 2: low efficiency 
(residual cancer outgrown by fibrosis); and 
Grade 3: poor efficiency (minimal or no treat-
ment effect with extensive residual cancer 
cells). Achievement of TGR 0 was defined as 
pCR, which was calculated in total patients who 
completed the neoadjuvant CRT plus apatinib 
therapy.

After discharge from hospital, follow-up was 
conducted every 6 months. Based on the fol-
low-up records, the progression-free survival 
(PFS) and overall survival (OS) were evaluated. 
PFS was calculated from the initiation of neo-
adjuvant CRT plus apatinib therapy to the dis-
ease progression or patients’ death. The OS 
was calculated from the initiation of neoadju-
vant CRT plus apatinib therapy to the patients’ 
death.

Statistical analysis

Study analysis was performed in the per proto-
col set (PPS, n=30) which consisted of the 
patients who completed the neoadjuvant CRT 
plus apatinib therapy. The quantitative data 
were described by median with range, while  
the categorical data were described by number 
and percentage. Clinical stage before and after 
neoadjuvant CRT plus apatinib therapy was 
compared by McNemar test. PFS and OS were 
described using the Kaplan-Meier curves. 
Statistical significance was defined as a P va- 
lue <0.05. All data processing and analysis 
were carried out with the use of SPSS 24.0 
(IBM, Chicago, Illinois, USA). All diagrams were 
constructed with the use of GraphPad Prism 
7.02 (GraphPad Software Inc., San Diego, 
California, USA).

Results

Study flow

Initially, 72 patients with locally advanced, 
HER2-negative, Siewert’s type II-III AEG were 
screened, among whom 41 patients were 
excluded (including 19 patients who withdrew 
consent, 11 with CY1, 8 with HER2-positive 
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AEG and 3 with localized peritoneal metastasis 
(P1a) (Figure 1). Then, out of the remaining 31 
eligible patients, 30 patients completed the 
treatment of CRT plus apatinib regimen, while 1 
patient did not complete it and refused surg- 
ery. Among 30 patients who completed the 
established CRT plus apatinib regimen, 1 
patient progressed to liver metastasis con-
firmed by CT scan and MRI, leaving 29 patients 
who were eligible for surgery. After that, 1 
patient had unexpected CY1 when re-staging 
by laparoscopy. Lastly, 28 patients achieved R0 
resection (including 27 cases of total gastrec-
tomy and 1 case of subtotal gastrectomy).

Clinical characteristics

The median age of patients was 61 years, with 
a range of 46-70 years (Table 1). Twenty-six 
(83.9%) patients were males and 5 (16.1%) 
were females. As for performance status, 8 
(25.8%) patients had ECOG score 0, and 23 

results in an ORR of 60.0% and a DCR of  
96.7% (Figure 2). Furthermore, clinical T stage 
(P<0.001), N stage (P<0.001) and TNM stage 
(P<0.001) were all reduced after neoadjuvant 
CRT plus apatinib treatment; 20 (66.7%) 
patients achieved successful down-staging 
(Table 2).

Pathological response

Among 30 patients who completed neoadju-
vant CRT plus apatinib regimen, 10 (33.3%), 6 
(20.0%), 9 (30.0%) and 3 (10.0%) patients 
achieved TRG 0, 1, 2 and 3, respectively (Figure 
3A). Meanwhile, 10 (33.3%) patients achieved 
pCR, and 28 (93.3%) realized R0 resection 
(Figure 3B).

Survivals

The mean PFS was 31.4 months, with a 95% CI 
of 28.8-34.0 months. Meanwhile, the 1-year 

Figure 1. Study flow chart. AEG, adenocarcinoma of esophagogastric junc-
tion; CT, computerized tomography; CRT, chemoradiotherapy; MRI, magnetic 
resonance imaging.

(74.2%) had ECOG score 1. 
Regarding Siewert’s type, 21 
(67.7%) patients presented 
with Siewert’s type II and 10 
(32.3%) displayed Siewert’s 
type III. In terms of tumor 
stage, 2 (6.5%) and 29 (93.5%) 
patients exhibited cT3 and  
cT4 stage, respectively; 13 
(41.9%), 12 (38.7%) and 6 
(19.4%) patients displayed 
cN1, cN2 and cN3 stage, 
respectively; all 31 (100%) 
patients presented with TNM 
stage III. The detailed informa-
tion about vertical axis diam-
eter of the tumor, Lauren type 
and HER2 status in patients 
was shown in Table 1.

Treatment response and 
down-staging rate

Thirty patients completed 
neoadjuvant CRT plus apa-
tinib treatment, and then the- 
ir treatment response and 
down-staging rate were as- 
sessed. It was observed that 
no (0%) patients achieved  
CR, 18 (60.0%) achieved PR, 
11 (36.7%) achieved SD, and 
1 (3.3%) achieved PD, which 
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and 2-year PFS rates were 96.7% and 88.1%, 
respectively (Figure 4A). Regarding OS, the 
mean OS was 32.5 months, with a 95% CI of 
30.4-34.5 months; the 1-year and 2-year OS 
rates were 100% and 96.6%, respectively 
(Figure 4B).

Adverse events

With neoadjuvant CRT plus apatinib treat- 
ment, the following hematological adverse 
events were observed: leukopenia (76.7%), 
thrombocytopenia (56.7%) and neutropenia 
(50.0%). At the same time, the following non-

hematological adverse events occurred: nau-
sea (66.7%), fatigue (63.3%), abnormal liver 
function (53.3%), vomiting (36.7%), hyperten-
sion (33.3%), radioactive esophagitis (23.3%), 
diarrhea (10.0%) and hand-foot syndrome 
(3.3%) (Table 3). Notably, most of adverse 
events were of mild grades (grade 1-2); only a 
small number of adverse events were of grade 
3, and no grade 4-5 adverse events were found. 

Complications

Among 28 patients who received surgery, 4 
(14.3%), 4 (14.3%) and 3 (10.7%) patients expe-
rienced pneumonia, hydrothorax and anasto-
motic leakage postoperative complications, 
respectively (Table 4).

Discussion

This phase II trial evaluated the indication of 
neoadjuvant CRT plus apatinib in treating 
patients with locally advanced, HER2-negative, 
Siewert’s type II-III AEG, which observed that:  
(i) The ORR was 60.0%, the DCR was 96.7%, 
and the successful down-staging rate was 
66.7%; (ii) The pCR rate was 33.3%, and the  
R0 resection rate was 93.3%; (iii) The 1-year, 
2-year PFS rates were 96.7% and 88.1%, 
respectively; the 1-year, 2-year OS rates were 
100.0% and 96.6%, respectively. (iv) Adverse 
events and postoperative complications were 
acceptable and manageable.

One prior study assessing the treatment 
response of neoadjuvant chemotherapy plus 
apatinib reported an ORR of 79.3%, a DCR of 

Table 1. Baseline characteristics of AEG patients

Characteristics AEG patients 
(n=31)

Age (years)
    Median 61
    Range 46-70
Gender, No. (%)
    Male 26 (83.9)
    Female 5 (16.1)
ECOG score, No. (%)
    0 8 (25.8)
    1 23 (74.2)
Siewert’s type, No. (%)
    II 21 (67.7)
    III 10 (32.3)
Vertical axis diameter of the tumor (cm)
    Median 6
    Range 4-8
Lauren type, No. (%)
    Intestinal 20 (64.5)
    Diffuse 11 (35.5)
HER2 status, No. (%)
    0 8 (25.8)
    1+ 16 (51.6)
    2+ and Fish(-) 7 (22.6)
Clinical T stage, No. (%)
    cT3 2 (6.5)
    cT4 29 (93.5)
Clinical N stage, No. (%)
    cN1 13 (41.9)
    cN2 12 (38.7)
    cN3 6 (19.4)
Clinical TNM stage III, No. (%) 31 (100.0)
AEG, adenocarcinoma of the esophagogastric junction; 
ECOG, Eastern Cooperative Oncology Group; HER2, human 
epidermal growth factor receptor 2.

Figure 2. Treatment response to neoadjuvant CRT 
plus apatinib. CRT, chemoradiotherapy; AEG, ad-
enocarcinoma of esophagogastric junction; CR, 
complete response; PR, partial response; SD, stable 
disease; PD, progressive disease; ORR, objective re-
sponse rate; DCR, disease control rate.
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96.6% and a down-staging rate of 55.2% in 
treating locally advanced gastric adenocarci-
noma patients [15]. While in AEG patients, the 
treatment response of neoadjuvant CRT plus 
apatinib is not reported yet. In the present trial, 
after neoadjuvant CRT plus apatinib treat 
ment, the ORR was 60.0% and the DCR was 
96.7% in patients with locally advanced, HER2-
negative, Siewert’s type II-III AEG. Meanwhile, 

the successful down-staging rate was 66.7%, 
which provided the higher possibility for sur-
gery. The down-staging rate was numerically 
higher in the present trial than that in the  
prior reported study [15]. The potential expla-
nations were as below: (i) Concurrent neoadju-
vant CRT killed tumor cells via eliciting the cyto-
toxic effect; meanwhile, apatinib (an antiangio-
genetic VEGFR2 inhibitor) induced antitumor 

Table 2. Clinical stage before and after CRT plus apatinib treatment

Clinical stage Before CRT plus apatinib treatment 
(n=30)

After CRT plus apatinib treatment 
(n=30) P value 

Clinical T stage, No. (%) <0.001
    cT2 0 (0.0) 8 (26.7)
    cT3 2 (6.7) 7 (23.3)
    cT4 28 (93.3) 15 (50.0)
Clinical N stage, No. (%) <0.001
    N0 0 (0.0) 22 (73.3)
    N1 13 (43.3) 8 (26.7)
    N2 12 (40.0) 0 (0.0)
    N3 5 (16.7) 0 (0.0)
Clinical M stage, No. (%) 0.317
    M0 30 (100.0) 29 (96.7)
    M1 0 (0.0) 1 (3.3)
Clinical TNM stage, No. (%) <0.001
    Stage I 0 (0.0) 8 (26.7)
    Stage II 0 (0.0) 12 (40.0)
    Stage III 30 (100.0) 9 (30.0)
    Stage IV 0 (0.0) 1 (3.3)
Successful down-staging - 20 (66.7) -
CRT, chemoradiotherapy.

Figure 3. Pathological response. Tumor regression grade (A), pCR rate and R0 resection rate (B) in response to 
neoadjuvant CRT plus apatinib treatment. pCR, pathological complete response; CRT, chemoradiotherapy; AEG, 
adenocarcinoma of esophagogastric junction.
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activities via inhibiting tumor angiogenesis. 
Hence, the synergic effect of concurrent  
neoadjuvant CRT plus apatinib probably 
devotes to the good treatment response and 
the successful down-staging in studied patients 
[8, 9, 15, 16]. (ii) The higher down-staging rate 
in the present trial than that in the prior report-
ed study might be due to the additional antitu-
mor effect by radiotherapy in the present trial 

and different studied population between the 
studies [15].

The above results revealed that concurrent 
neoadjuvant CRT increased R0 resection rate 
(96.7% vs. 82.5%) and pCR rate (16.7% vs. 
3.2%) compared with neoadjuvant chemother-
apy alone in patients with locally advanced, 
Siewert’s type II-III AEG. Furthermore, concur-
rent neoadjuvant CRT elevates R0 resection 
rate (100% vs. 80%) compared with surgery 
alone in resectable AEG patients [11, 12]. 
Additionally, a more recent study evaluating the 
pathological response of neoadjuvant apatinib 
plus chemotherapy in locally advanced gastric 
adenocarcinoma patients demonstrated a R0 

Figure 4. PFS and OS. The PFS (A) and OS (B) shown by Kaplan-Meier curve. PFS, progression-free survival; OS, 
overall survival.

Table 3. Adverse events prior to surgery in 30 patients during CRT plus apatinib treatment
Adverse events Total Grade 1 Grade 2 Grade 3 Grade 4/5
Hematologic, No. (%)
    Leukopenia 23 (76.7) 5 (16.7) 13 (43.3) 5 (16.7) 0 (0.0)
    Thrombocytopenia 17 (56.7) 14 (46.7) 2 (6.7) 1 (3.3) 0 (0.0)
    Neutropenia 15 (50.0) 7 (23.3) 6 (20.0) 2 (6.7) 0 (0.0)
Non-hematologic, No. (%)
    Nausea 20 (66.7) 10 (33.3) 8 (26.7) 2 (6.7) 0 (0.0)
    Fatigue 19 (63.3) 14 (46.7) 5 (16.7) 0 (0.0) 0 (0.0)
    Abnormal liver function 16 (53.3) 15 (50.0) 1 (3.3) 0 (0.0) 0 (0.0)
    Vomiting 11 (36.7) 7 (23.3) 2 (6.7) 2 (6.7) 0 (0.0)
    Hypertension 10 (33.3) 8 (26.7) 2 (6.7) 0 (0.0) 0 (0.0)
    Radioactive esophagitis 7 (23.3) 5 (16.7) 2 (6.7) 0 (0.0) 0 (0.0)
    Diarrhea 3 (10.0) 2 (6.7) 0 (0.0) 1 (3.3) 0 (0.0)
    Hand-foot syndrome 1 (3.3) 1 (3.3) 0 (0.0) 0 (0.0) 0 (0.0)
CRT, chemoradiotherapy.

Table 4. Postoperative complications
Postoperative complications Surgery patients (n=28)
Pneumonia, No. (%) 4 (14.3)
Hydrothorax, No. (%) 4 (14.3)
Anastomotic leakage, No. (%) 3 (10.7)
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resection rate of 96.6% and a pCR rate of 
13.8% [16]. While the pathological response  
of neoadjuvant CRT plus apatinib remains 
unknown in AEG patients. In the present trial, 
the pathological response was also evaluated 
in patients with locally advanced, HER2-
negative, Siewert’s type II-III AEG. Encou- 
ragingly, the results showed that the R0 resec-
tion rate was 93.3% and the pCR rate was 
33.3%. It was noted that the pCR rate in this 
study was higher than that in the previous  
studies (3.2% and 13.8%, respectively) [12, 
15]. The following were potential explanations: 
(i) On the one hand, apatinib probably promot-
ed the cytotoxic effect of concurrent CRT on 
tumor cells. On the other hand, apatinib sup-
pressed tumor angiogenesis and elicited anti-
tumor activities. Taken together, concurrent 
neoadjuvant CRT plus apatinib probably killed 
tumor cells more effectively, resulting in an 
astonishing pCR rate in the studied patients [8, 
9, 15, 16]. (ii) According to the above-men-
tioned findings, neoadjuvant CRT plus apatinib 
realizes a good treatment response and  
down-staging effect, which probably contrib-
utes to improved bridging effect, R0 resection 
and pCR in the studied patients. Besides, in  
the present trial, it was observed that with neo-
adjuvant CRT plus apatinib treatment bridging 
to surgery, the 1-year, 2-year PFS rates were 
96.7% and 88.1%, respectively; the 1-year, 
2-year OS rates were 100.0% and 96.6% in 
locally advanced AEG patients with HER2-
negative, Siewert’s type II-III, respectively. The 
findings might be explained by that neoadju-
vant CRT plus apatinib treatment achieves 
good down-staging effect and astonishing pCR 
rate, which probably devotes to improved prog-
nosis in the studied patients.

The common adverse events in apatinib treat-
ment are hypertension, proteinuria and hand-
foot syndrome. Meanwhile, the common side 
effects during neoadjuvant CRT treatment are 
gastrointestinal and hematological toxicities 
[8-14]. In the present trial, during and after  
neoadjuvant CRT plus apatinib treatment, the 
common hematologic adverse events were leu-
kopenia, thrombocytopenia and neutropenia. 
Then the common non-hematologic adverse 
events were nausea, fatigue, abnormal liver 
function, vomiting, hypertension, radioactive 
esophagitis, diarrhea and hand-foot syndrome 
in patients with locally advanced, HER2-

negative, Siewert’s type II-III AEG. The results  
in the present trial were in accordance with 
those reported in the previous studies [8-14]. 
Notably, most adverse events were of grade 1-2 
and manageable, indicating that neoadjuvant 
CRT plus apatinib treatment was well-tolerant 
in treating the studied patients. Besides, the 
following postoperative complications occurred 
in the studied patients: pneumonia, hydrotho-
rax and anastomotic leakage, which were also 
tolerable and manageable.

Nonetheless, this study has some limitations. 
First, the relatively small sample size of eligible 
patients might potentially reduce the statistical 
power of the analysis. Second, as this was a 
single-arm trial, it lacked a control group, so 
further randomized, controlled trials would be 
desirable. Lastly, further studies assessing the 
synergic effect of CRT plus apatinib in treating 
these patients should be warranted.

In summary, neoadjuvant CRT plus apatinib 
regimen exhibits good efficacy and acceptable 
tolerance for treating patients with locally 
advanced, HER2-negative, Siewert’s type II-III 
AEG, which might be a potential treatment 
strategy for the management of these patients.

Disclosure of conflict of interest

None.

Address correspondence to: Qun Zhao, Depart- 
ment of Gastrointestinal Surgery, Fourth Hos- 
pital of Hebei Medical University, No. 12 Jiankang 
Road, Shijiazhuang 050011, Hebei, China. Tel: +86-
13930162111; E-mail: zhaoqun@hebmu.edu.cn; 
Jun Wang, Department of Radiation Oncology, 
Fourth Hospital of Hebei Medical University, No.  
12 Jiankang Road, Shijiazhuang 050011, Hebei, 
China. Tel: +86-13931182128; E-mail: wangjun-
zr@163.com

References

[1]	 Nagaraja AK, Kikuchi O and Bass AJ. Genomics 
and targeted therapies in gastroesophageal 
adenocarcinoma. Cancer Discov 2019; 9: 
1656-1672.

[2]	 Liu K, Yang K, Zhang W, Chen X, Chen X, Zhang 
B, Chen Z, Chen J, Zhao Y, Zhou Z, Chen L and 
Hu J. Changes of esophagogastric junctional 
adenocarcinoma and gastroesophageal reflux 
disease among surgical patients during 1988-
2012: a single-institution, high-volume experi-
ence in China. Ann Surg 2016; 263: 88-95.

mailto:wangjunzr@163.com
mailto:wangjunzr@163.com


Neoadjuvant CRT plus apatinib for AEG patients

9023	 Am J Transl Res 2021;13(8):9015-9023

[3]	 Ashraf N, Hoffe S and Kim R. Locally advanced 
gastroesophageal junction tumor: a treatment 
dilemma. Oncologist 2015; 20: 134-142.

[4]	 Siewert JR and Stein HJ. Classification of ade-
nocarcinoma of the oesophagogastric junc-
tion. Br J Surg 1998; 85: 1457-1459.

[5]	 Japanese Gastric Cancer Association. Japa-
nese classification of gastric carcinoma: 3rd 
English edition. Gastric Cancer 2011; 14: 101-
112.

[6]	 Lin D, Khan U, Goetze TO, Reizine N, Goodman 
KA, Shah MA, Catenacci DV, Al-Batran SE and 
Posey JA. Gastroesophageal junction adeno-
carcinoma: is there an optimal management? 
Am Soc Clin Oncol Educ Book 2019; 39: e88-
e95.

[7]	 Gambardella V, Fleitas T, Tarazona N, Papaccio 
F, Huerta M, Rosello S, Gimeno-Valiente F, 
Roda D and Cervantes A. Precision medicine to 
treat advanced gastroesophageal adenocarci-
noma: a work in progress. J Clin Med 2020; 9: 
3049.

[8]	 Schuhmacher C, Gretschel S, Lordick F, Reich-
ardt P, Hohenberger W, Eisenberger CF, Haag 
C, Mauer ME, Hasan B, Welch J, Ott K, Hoel-
scher A, Schneider PM, Bechstein W, Wilke H, 
Lutz MP, Nordlinger B, Van Cutsem E, Siewert 
JR and Schlag PM. Neoadjuvant chemotherapy 
compared with surgery alone for locally ad-
vanced cancer of the stomach and cardia: Eu-
ropean organisation for research and treat-
ment of cancer randomized trial 40954. J Clin 
Oncol 2010; 28: 5210-5218.

[9]	 Cunningham D, Allum WH, Stenning SP, 
Thompson JN, Van de Velde CJ, Nicolson M, 
Scarffe JH, Lofts FJ, Falk SJ, Iveson TJ, Smith 
DB, Langley RE, Verma M, Weeden S, Chua YJ 
and Participants MT. Perioperative chemother-
apy versus surgery alone for resectable gastro-
esophageal cancer. N Engl J Med 2006; 355: 
11-20.

[10]	 Shapiro J, van Lanschot JJB, Hulshof MCCM, 
van Hagen P, van Berge Henegouwen MI, Wijn-
hoven BPL, van Laarhoven HWM, Nieuwenhui-
jzen GAP, Hospers GAP, Bonenkamp JJ, Cuesta 
MA, Blaisse RJB, Busch ORC, Ten Kate FJW, 
Creemers GM, Punt CJA, Plukker JTM, Verheul 
HMW, Bilgen EJS, van Dekken H, van der San-
gen MJC, Rozema T, Biermann K, Beukema JC, 
Piet AHM, van Rij CM, Reinders JG, Tilanus HW, 
Steyerberg EW and van der Gaast A; CROSS 
study group. Neoadjuvant chemoradiotherapy 
plus surgery versus surgery alone for oesopha-
geal or junctional cancer (CROSS): long-term 
results of a randomised controlled trial. Lancet 
Oncol 2015; 16: 1090-1098.

[11]	 Zhao Q, Li Y, Wang J, Zhang J, Qiao X, Tan B, 
Tian Y, Shi G, Xu Q, Li R, Liu Y and Yang P. Con-
current neoadjuvant chemoradiotherapy for 
Siewert II and III adenocarcinoma at gastro-
esophageal junction. Am J Med Sci 2015; 349: 
472-476.

[12]	 Ge X, Zhao Q, Song Y, Li J, Liu M, Bai W and 
Qiao X. Comparison of preoperative concurrent 
chemoradiotherapy with chemotherapy alone 
in patients with locally advanced siewert II and 
III adenocarcinoma of the esophagogastric 
junction. Eur J Surg Oncol 2018; 44: 502-508.

[13]	 Shen B, Jiang H, Wang L, Qian J, Shu Y, Chen P, 
Mao G, Liu B, Zhang X, Liu C, Wu J, Li X, Cai W, 
Shen W, Wang Q, He J, Hua D, Zhang Z, Zhang 
Y and Feng J. Effectiveness and safety of apa-
tinib in patients with advanced or metastatic 
adenocarcinoma of stomach or gastroesopha-
geal junction: a prospective observation study. 
Onco Targets Ther 2020; 13: 4457-4464.

[14]	 Li J, Qin S, Xu J, Xiong J, Wu C, Bai Y, Liu W, 
Tong J, Liu Y, Xu R, Wang Z, Wang Q, Ouyang X, 
Yang Y, Ba Y, Liang J, Lin X, Luo D, Zheng R, 
Wang X, Sun G, Wang L, Zheng L, Guo H, Wu J, 
Xu N, Yang J, Zhang H, Cheng Y, Wang N, Chen 
L, Fan Z, Sun P and Yu H. Randomized, double-
blind, placebo-controlled phase III trial of apa-
tinib in patients with chemotherapy-refractory 
advanced or metastatic adenocarcinoma of 
the stomach or gastroesophageal junction. J 
Clin Oncol 2016; 34: 1448-1454.

[15]	 Zheng Y, Yang X, Yan C, Feng R, Sah BK, Yang 
Z, Zhu Z, Liu W, Xu W, Ni Z, Beeharry MK, Hua 
Z, Yan M, Zhu Z and Li C. Effect of apatinib plus 
neoadjuvant chemotherapy followed by resec-
tion on pathologic response in patients with 
locally advanced gastric adenocarcinoma: a 
single-arm, open-label, phase II trial. Eur J Can-
cer 2020; 130: 12-19.

[16]	 Hsieh HL and Tsai MM. Tumor progression-de-
pendent angiogenesis in gastric cancer and its 
potential application. World J Gastrointest On-
col 2019; 11: 686-704.


