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Background/Aims: Esophagogastric junction adenocarci-
noma (EJA) is a malignant tumor associated with high mor-
bidity and has attracted increasing attention due to a rising 
incidence and low survival rate. Pathological biopsy is the 
gold standard for diagnosis, but noninvasive and effective 
tests are lacking, resulting in diagnoses at advanced stages. 
This study explored the diagnostic value of insulin-like growth 
factor binding protein 7 (IGFBP7) in EJA. Methods: A total 
of 120 EJA patients and 88 normal controls were recruited, 
and their serum levels of IGFBP7 were measured by enzyme-
linked immunosorbent assay. Receiver operating character-
istic (ROC) curve analysis was used to assess the diagnostic 
value, and Pearson chi-square analysis was used to evaluate 
the correlation between IGFBP7 and clinical parameters. Ka-
plan-Meier survival analysis was carried out to assess the ef-
fect of IGFBP7 on overall survival (OS). Results: The levels of 
IGFBP7 were higher in both early- and late-stage EJA patients 
than in normal controls (p<0.001). The area under the ROC 
curve for EJA patients was 0.794 (95% confidence interval 
[CI], 0.733 to 0.854), with a cutoff value of 2.716 ng/mL, a 
sensitivity of 63.3% (95% CI, 54.0% to 71.8%) and a specific-
ity of 90.9% (95% CI, 82.4% to 95.7%). For the diagnosis of 
early-stage EJA, the same cutoff value and specificity were 
obtained, but the sensitivity of IGFBP7 was 54.3% (95% CI, 

36.9% to 70.8%). Patients with low IGFBP7 protein expres-
sion had lower OS than those with high expression (p=0.034). 
The multivariate analysis showed that IGFBP7 is an inde-
pendent prognostic factor for EJA (p=0.011). Conclusions: 
Serum IGFBP7 acts as a potential diagnostic and prognostic 
marker for EJA. (Gut Liver 2020;14:727-734)
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INTRODUCTION

In recent decades, the incidence of esophagogastric junction 
adenocarcinoma (EJA) has rapidly increased in both western 
countries and eastern Asia.1 EJA is usually divided into three 
different types according to the 1998 Siewert classification.2 
Tumors with centers from 5 cm to 1 cm above the esophago-
gastric junction are defined as Siewert type I, while tumors with 
the centers located 1 cm above to 2 cm below the junction are 
type II, and tumors with centers located 2 cm to 5 cm below the 
junction are type III. However, in accordance to the 8th edition 
of the American Joint Committee on Cancer Cancer Staging 
Manual,3 esophagogastric junction cancers with centers no more 
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than 2 cm from the inferior esophageal sphincter are staged as 
esophageal adenocarcinoma (Siewert type I or II), while those 
more than 2 cm are staged as stomach cancers (Siewert type III).3 
Overall survival (OS) for EJA is poor, with a 5-year survival of 
less than 25% in China.4,5 In clinical practice, the diagnosis of 
EJA is mostly dependent on pathological biopsy after endoscopy 
or surgery, both of which are invasive methods. A valuable and 
noninvasive method is urgently needed for early diagnosis.

The insulin-like growth factor (IGF) family is composed of 
IGFs, IGF receptors and IGF-binding proteins (IGFBPs),6-8 which 

play a vital role in regulating cell proliferation, differentiation, 
and apoptosis.9 Among them, IGFBP7 binds IGF-I and IGF-II 
with low affinity.10 However, IGFBP7 has been found to be relat-
ed to several diseases, such as acute kidney injury11 and chronic 
obstructive pulmonary disease.12 Similarly, both high and low 
expression of IGFBP7 has been observed in various cancer tis-
sues, such as gastric13 and colorectal cancer.14 In gastroesopha-
geal cancer, IGFBP7 expression also correlates with pathophysi-
ology and tumorigenesis.15 Here, we explored the potential of 
serum IGFBP7 levels as a diagnostic and prognostic tool for EJA.

Table 1. Characteristics of the Study Population

Group
EJA (n=120) Normal (n=88)

No. 3-yr survival rate (%) p-value No. (%)

Age, yr

   Mean (range) 60 (31–82) 56 (40–80)

Sex 0.469

   Male 99 76.4 61 (69.3)

   Female 21 49.5 27 (30.7)

Smoke 0.557

   Yes 79 63.6 -

   No 41 69.0 -

Alcohol 0.038

   Yes 28 46.0 -

   No 92 71.7 -

Size of tumor, cm 0.109

   ≥5 72 60.8 -

   <5 48 72.9 -

Depth of tumor invasion 0.012

   T1+T2+T3 36 (7+4+25) 79.8 -

   T4 84 59.5 -

Regional lymph nodes <0.001

   N0 36 73.3 -

   N1 31 80.6 -

   N2 30 66.5 -

   N3 23 33.5 -

Metastasis <0.001

   M0 116 66.9 -

   M1 4 25.0 -

Histological grade 0.019

   G1 (High) 15 84.0 -

   G2 (Middle) 44 68.0 -

   G3 (Low) 47 53.2 -

   Unknown 14 - -

TNM stage 0.055

   I+II 35 (9+26) 76.8 -

   III+IV 85 (74+11) 60.7 -

EJA, esophagogastric junction adenocarcinoma.
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MATERIALS AND METHODS

1. Study subjects

In total, we collected 208 serum samples from the Cancer 
Hospital of Shantou University Medical College: 88 healthy 
control samples and 120 EJA samples. All participants were 
diagnosed to be without acute kidney injury or chronic obstruc-
tive pulmonary disease. EJA patient serum samples used in this 
experiment were collected between July 2013 and November 
2017 before surgery, and follow-up was made starting from the 
day of surgery. The exit date was defined as the day of death, 
withdrawal or completion of follow-up before December 2018. 
Both patients and normal controls signed informed consent to 
participate in this study, which was approved by the Institu-
tional Review Board of the Cancer Hospital of Shantou Univer-
sity Medical College and conformed to the requirements of the 
Declaration of Helsinki. After venous sampling before surgery, 
serum was obtained by centrifuging blood at 2500 g for 10 
minutes, then stored at –80°C until analysis.

EJA was diagnosed by computed tomography or gastroscopy, 
followed by pathological examination after surgery, endoscopic 
mucosal resection or biopsy. All patients were accepted for sur-
gery. We defined tumor stage according to the 8th edition of the 
American Joint Committee on Cancer Cancer Staging Manual.3 
In accordance with our previous study, American Joint Com-

mittee on Cancer stage I+II was defined as early-stage EJA.16

2. Enzyme-linked immunosorbent assay 

Enzyme-linked immunosorbent assay kits for serum IGFBP-7 
were purchased from Cusabio® (Catalog number: CSB-E17249h; 
Houston, TX, USA). The enzyme-linked immunosorbent assay 
protocol was carried out according to the user manual. The se-
rum samples were diluted to 1:3, while the standard was diluted 
to a concentration gradient of 10, 5, 2.5, 1.25, 0.625, 0.312, 
and 0.156 ng/mL, respectively. The 100 μL serum sample, stan-
dard or sample diluent (acted as negative control) was added 
to each well and incubated for 2 hours at 37°C. After removed 
the liquid, 100 μL biotin-antibody (1X) and 100 μL horserad-
ish peroxidase-avidin (1X) were added in chronological order. 
3,3’,5,5’-tetramethylbenzidine substrate was used for color de-
velopment and stop solution for the termination of color devel-
opment. The measurement of optical density value of each well 
was executed on a plate microplate reader (BioTek® Instruments, 
Winooski, VT, USA) within 5 minutes at 450 nm with 570 nm 
reference.

3. Statistical analysis

We first changed the optical density values to concentration 
according to the standard curve plotted by SigmaPlot 10.0. 
Then the Mann-Whitney U-test was used to evaluate the differ-
ence of IGFBP7 levels between two groups. Receiver operating 

Table 2. Frequency of Circulating IGFBP7

Group Mean±SEM p-value No. Positive (%, 95% CI)

Normal controls 1.821±0.0663 - 88 8 (9.1, 4.7–16.9)

All EJA 3.436±0.1998 <0.001 120 76 (63.3, 54.4–71.4)

Early-stage EJA 3.863±0.5666 <0.001 35 19 (54.3, 36.9–70.8)

IGFBP7, insulin-like growth factor binding protein 7; SEM, standard error of the mean; CI, exact confidence interval; EJA, esophagogastric junc-
tion adenocarcinoma.
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Fig. 1. Scatter plots of serum IGFBP7 values in the normal control 
group, EJA group and early-stage EJA group. 
IGFBP7, insulin-like growth factor binding protein 7; EJA, esopha-
gogastric junction adenocarcinoma. p<0.001 indicates that the differ-
ence between the compared groups is statistically significant.

Fig. 2. Receiver operating characteristic curve analysis for the diag-
nosis of esophagogastric junction adenocarcinoma (EJA) and early-
stage EJA.
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characteristic (ROC) analysis was performed to assess the diag-
nostic boundaries including the area under the ROC curve (AUC) 
with the 95% confidence interval (CI), sensitivity and specificity. 
The cutoff value was calculated by achieving the maximum 
sensitivity when the specificity was greater than 90%, and by 
minimizing the distance of the cutoff value to the top-left cor-
ner of the ROC curve. We selected a specificity of greater than 
90% in order to produce a test that could be beneficial to early 
cancer detection.17 Correlation between clinical characteristics 
and the level of IGFBP7 was evaluated by the chi-square test. 
For optimal cut-point definition in prognostic analysis, we used Ta
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Table 4. Relationship between the Positive Rate of IGFBP7 and the 
Clinical Data in EJA Patients

Variable Positive Negative p-value

Age, yr 0.113

   ≥60 54 25

   <60 22 19

Sex 0.881

   Male 63 36

   Female 13 8

Smoke 0.699

   Yes 51 28

   No 25 16

Alcohol 0.310

   Yes 20 8

   No 56 36

Size of tumor, cm 0.315

   ≥5 43 29

   <5 33 15

Depth of tumor invasion 0.620

   T1+T2+T3 24 12

   T4 52 32

Regional lymph nodes 0.741

   N0 22 14

   N1+N2+N3 54 30

Metastasis 1.000

   M0 73 43

   M1 3 1

Histological grade 0.562

   G1 9 6

   G2 30 14

   G3 27 20

TNM grade 0.187

   Early stage (I-II) 19 16

   Late stage (III-IV) 57 28

Statistical significance was determined using the Pearson chi-square 
test. Data were from patients with tumor resection.
IGFBP7, insulin-like growth factor binding protein 7; EJA, esophago-
gastric junction adenocarcinoma.
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the X-tile 3.6.1 software to category high and low expression of 
IGFBP7.18 The Kaplan-Meier survival analysis was used to as-
sess the effect of IGFBP7 on OS. Univariable and multivariable 
analyses were used to judge the hazard ratio. In all analyses, 
a p<0.05 (two-tailed) was defined as significance. Statistical 
analyses were carried out with SPSS 18.0 (SPSS Inc., Chicago, IL, 
USA) and GraphPad Prism 6.0 (GraphPad Software, San Diego, 
CA, USA).

RESULTS

1. Patient characteristics and serum IGFBP7 levels

A total of 208 patients and normal controls were analyzed 
(Table 1). The mean concentration±standard error of the mean 
(SEM) of IGFBP7 for EJA patients was 3.436±0.1998 ng/mL 
versus 1.821±0.0663 ng/mL and 3.863±0.5666 ng/mL in the 
normal control group and early-stage patient group, respec-
tively (Table 2). Thus, early- and late-stage patients with EJA 
had a significant increase in level of serum IGFBP7, compared 
with normal controls (p<0.001) (Fig. 1). As illustrated in Fig. 1, 
similar result can be found in early-stage EJA patients.

2. Diagnostic value of IGFBP7

We identified a cutoff value of 2.716 ng/mL for IGFBP7 to 
diagnose EJA by using the ROC curve to compare the EJA and 
normal control groups (Fig. 2). We acquired an AUC of 0.794 
(95% CI, 0.733 to 0.854) with a sensitivity of 63.3% (95% CI, 
54.0% to 71.8%) and a specificity of 90.9% (95% CI, 82.4% 
to 95.7%) (Table 3). Also, with the same cutoff value, IGFBP7 
could identify early-stage EJA with a slightly lower AUC value 
of 0.749 (95% CI, 0.644 to 0.854), a sensitivity of 54.3% (95% 
CI, 36.9% to 70.8%) and a specificity of 90.9% (95% CI, 82.4% 
to 95.7%).

3. Correlation with clinical data

With the cutoff value of 2.716 ng/mL, we defined the positiv-
ity of the serum IGFBP7 levels for EJA patients to be over 2.716 
ng/mL. Table 4 shows the relationship of serum IGFBP7 levels 
with clinicopathological features in EJA. IGFBP7 showed no as-
sociation with any clinical data, including patient age, gender, 
smoking, drinking, size, depth of invasion, histological grade, 
lymph node status, metastasis, and early-stage versus advanced-

Fig. 3. Kaplan-Meier analysis of overall survival in patients with esophagogastric junction adenocarcinoma (EJA) in relation to IGFBP7 expres-
sion. (A) All EJA patients, (B) EJA patients categorized as having T4 disease, (C) EJA patients categorized as having N1+N2+N3 disease, and (D) 
late-stage EJA patients (III+IV).
IGFBP7, insulin-like growth factor binding protein 7.
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stage groups (all p>0.05).

4. Correlation between IGFBP7 expression and OS

According to X-tile software, we set 3.436 ng/mL as the cut-
off value to classify high and low expression of IGFBP7. The 
difference in 3-year OS for EJA patients with high IGFBP7 lev-
els had 72.4% 3-year OS versus 59.7% for patients with low ex-
pression (Fig. 3A), and the difference was statistically significant 
(p=0.034). When we stratified according to staging, the same 
results were found in subgroups categorized with T4 (p=0.010), 
N1+N2+N3 (p=0.041), and III+IV (p=0.014) (Fig. 3B-D). Upon 
univariable analysis, IGFBP7 was a significant prognostic factor 
for 3-year OS of EJA patients (p=0.040) (Table 5). Upon multi-
variable analysis, IGFBP7 was an independent significant prog-
nostic marker for 3-year OS (hazard ratio, 0.351; 95% CI, 0.157 
to 0.786; p=0.011). Other significant variables included further 
metastasis (p<0.001) and depth of tumor invasion (p=0.012).

DISCUSSION

In our study, IGFBP7 was significantly higher in both early- 
and late-stage EJA compared to normal controls (p<0.001). For 
diagnosis, we achieved an AUC of 0.794 (95% CI, 0.733 to 0.854) 
and cutoff value of 2.716 ng/mL with sensitivity of 63.3% (95% 
CI, 54.0% to 71.8%) and specificity of 90.9% (95% CI, 82.4% to 
95.7%) in EJA. Furthermore, we found that the level of serum 
IGFBP7 is not associated with any clinical parameters. However, 
if diagnosed with EJA, lower IGFBP7 expression may lead to 
the worse survival.

IGF family members regulate cell proliferation, differentia-
tion and apoptosis through the MAPK and PI3K/Akt signaling 
pathways.19 They have also been demonstrated to correlate with 

many cancers.20-22 IGFBP7, also named IGFBP-rP1, is one of 
the members in IGF family. Although it shares 30% structural 
homology with IGFBP1 to IGFBP6 at its N-terminal domain, as 
it binds to IGF with low affinity10,23 and its individual charac-
teristics are different from IGFBP1 to IGFBP6. Methylation of 
IGFBP7 may reduce the expression of IGFBP7 in gastric cancer 
and prostate cancer and improve the tumor progression,13,24 
and administration of IGFBP7 may be therapeutic for reduc-
ing breast cancer growth.25 However, prior studies investigated 
expression in mostly cells and tissues. Serum expression of 
IGFBP7 has only been studied in a few diseases, such as chronic 
obstructive pulmonary disease12 and metabolic syndrome.26 
Therefore, we evaluated the potential diagnostic and prognostic 
value of circulating IGFBP7 in EJA.

Early detection is one of the best methods to reduce cancer 
mortality and cancer burden.27 In clinical practice, endoscopy 
contributes to the early diagnosis of EJA.28 However, it is inva-
sive and may produce adverse effects, such as infection, perfo-
ration, and bleeding.29 A recent study on serum autoantibody 
panels to detect EJA aroused our interest to identify noninva-
sive techniques to detect IGFBP7 in EJA patient serum.16 When 
accounting for the early detection of IGFBP7 in EJA, through 
ROC curve analysis, we found an AUC of 0.749 (95% CI, 0.644 
to 0.854), which led to a sensitivity of 54.3% (95% CI, 36.9% 
to 70.8%) and specificity of 90.9% (95% CI, 82.4% to 95.7%). 
Although there was no statistical correlation between late-stage 
and early-stage EJA (p=0.187) (Table 4), IGFBP7 might be used 
as a potential biomarker for the early detection of EJA. Actu-
ally, there have been several studies on serum IGFBP7 in other 
cancers. Overexpression of serum IGFBP7 has been observed 
in high-grade soft tissue sarcoma,30 and high levels of serum 
IGFBP7 have been associated with positive nodal status in 

Table 5. Univariate and Multivariate Analyses of Factors Associated with Overall Survival in Patients with EJA

Variable
Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age (≥60 yr vs <60 yr) 0.995 (0.955–1.037) 0.819

Sex (female vs male) 0.750 (0.343–1.640) 0.471

Smoke (yes vs no) 1.226 (0.620–2.426) 0.558

Alcohol (yes vs no) 2.007 (1.025–3.931) 0.042

Tumor size (≥5 cm vs <5 cm) 1.759 (0.874–3.538) 0.113

T (T4 vs T1+T2+T3) 3.114 (1.217–7.966) 0.018 3.362 (1.310–8.625) 0.012

N (N1+N2+N3 vs N0) 1.996 (0.917–4.346) 0.082

M (M1 vs M0) 7.445 (2.225–24.904) 0.001 11.303 (3.101–41.202) <0.001

G (G2+G3 vs G1) 3.734 (0.897–15.553) 0.070

pTNM-stage (III+IV vs I+II) 2.183 (0.963–4.949) 0.062

IGFBP7 (≥3.436 vs <3.436) 0.433 (0.195–0.962) 0.040 0.351 (0.157–0.786) 0.011

Multivariate analysis, Cox proportional hazards regression model. Variables were adopted for their prognostic significance according to the uni-
variate analysis.
EJA, esophagogastric junction adenocarcinoma; HR, hazard ratio; CI, confidence interval; IGFBP7, insulin-like growth factor binding protein 7.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5085225/table/T2/
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non-small cell lung cancer.31 However, both of them have not 
researched on the early-stage cancer. Additionally, our recent 
study has showed serum IGFBP7 might serve as a diagnostic 
biomarker for esophageal cancer,32 and it also made sense in 
early-stage esophageal cancer. Herein, although IGFBP7 is not 
a unique biomarker for EJA, it still may be a valuable candidate 
for EJA, in particular for the early detection of EJA.

Although Smith et al.33 suggested that the expression of 
IGFBP7 is related to poor prognosis in esophageal squamous 
cell carcinoma, as described in many cancers, such as thyroid,34 
lung,35 liver,36 and ovarian,37 a high level of IGFBP7 gene ex-
pression could be a potential protective factor to suppress the 
growth of tumor cells. However, all of these studies were based 
on IGFBP7 expression at the level of tissues or cells. Therefore, 
we extended these studies to serum expression. As our study 
shows, low serum IGFBP7 concentration is associated with poor 
outcome (p=0.034), and multivariate analysis suggests that the 
level of serum IGFBP7 protein expression is an independent 
prognostic factor for EJA (p=0.011), suggesting that serum 
IGFBP7 might be also a potential prognostic marker for EJA.

In summary, our study offers useful information regarding 
the diagnostic value of serum IGFBP7 in EJA and suggests that 
IGFBP7 might be a potential biomarker for the detection and di-
agnosis of EJA. Additionally, low expression of IGFBP7, acting 
as an independent factor, might predict the poor prognosis of 
EJA. However, this was a single-institution study with a small 
sample size, which may lead to bias. A study with large sample 
size in multiple institutions should be performed to further veri-
fy the diagnostic value of IGFBP7 in EJA, especially early-stage 
EJA.
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