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Abstract: Increasing evidence has demonstrated that serum soluble B7-H4 (sB7-H4) is a useful tumour marker
for cancer diagnosis and prognosis evaluation. Whether sB7-H4 is expressed in the bile of cholangiocarcinoma
(CC) and is related to the progression of CC need to be explored. Bile sB7-H4 was obtained through endoscopic
retrograde cholangiopancreatography (ERCP) from 213 patients with biliary strictures and detected was detected
by a B7-H4 ELISA kit. Diagnostic value was compared among bile sB7-H4, CA19-9, CA12-5, CEA and ERCP-based
cytological/tissue examination. Additionally, the correlations between the bile sB7-H4 concentration and the clinical
characteristics of early-stage cholangiocarcinoma (ESCC) were studied. The bile sB7-H4 levels of patients with ESCC
were significantly higher than in patients with benign biliary strictures (BBS) (P<0.001). The receiver operating characteristic (ROC) curves of CA19-9, CA12-5 and CEA were 0.713, 0.554 and 0.451, respectively, were significantly
lower than the ROC curves of bile sB7-H4 (0.837), the sensitivity of ERCP-based cytological/tissue examination was
57.5% and 68.4%, which was lower than that of bile sB7-H4 (81.7%) at cut-off value. A high level of bile sB7-H4 in
patients with ESCC was found to be correlated with vascular invasion (P<0.001), lymph node metastasis (P<0.001)
and TNM stage (P=0.018), respectively. The overall survival rate (OS) of ESCC patients in the high sB7-H4 group was
significantly lower than the OS of patients in the low sB7-H4 group (P=0.009). Bile sB7-H4 could serve as a valuable
biomarker for patients with ESCC and high levels of bile sB7-H4 correlate with poor clinical outcomes.
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Introduction
Cholangiocarcinoma (CC) is a malignant tumor
of the biliary tract originating from the duct epithelium. In the region of Asia, China, Japan and
India are countries with highest CC morbidity,
the rate of 5-year overall survival rate is about
5-10% and 5-year survival rate after surgery is
25-30% [1-3]. Particularly, in metastatic cases
who lost their surgical opportunities, median
survival is no longer than 8-12 months even
under combined adjuvant chemotherapy [4].
Early diagnosis is the key to the possibility of
operation and improving the survival rate of
patients with CC.
However, differential diagnosis between malignant biliary strictures (MBS), especially earlystage cholangiocarcinoma (ESCC) and benign
biliary stricture (BBS) has been a problem. For

patients with biliary strictures, endoscopic retrograde cholangiopancreatography (ERCP) is
the first-line examination and ERCP-based
brush cytology (ETBC) and ERCP-guided transpapillary forceps biopsy (ETFB) can accurately
diagnose malignant biliary strictures [5], but
their sensitivity is not ideal. In the past decade,
endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is considered effective to
improve the diagnostic accuracy in CC patients
negative for malignancy by ETBC or ETFB [6].
However, there are some inherent disadvantages of EUS-FNA, such as time consuming and
prone to bile leaks and tumour seeding.
Therefore, it is necessary to exploit sensitive
molecular biomarkers for ESCC with strictures
to ensure early diagnosis.
B7-H4 is one member of the B7 family, as a
transmembrane protein, B7-H4 plays an impor-
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Table 1. The patient clinical characteristics
Number
Age, years
Gender
Male, n (%)
Female, n (%)
TBIL (μmol/l)
ALP (U/L)
ALT (U/L)
AST (U/L)
CA19-9 (U/ml)
CA12-5 (U/ml)
CEA (ng/ml)
Stricture location
Proximal
Middle
Distal

BBS
104
53.34±11.82

ESCC
109
53.16±10.29

50 (51.7%)
54 (48.3%)
118.12±64.39
178.17±61.85
105.77±25.99
89.84±24.87
112.60±35.91
83.02±41.46
14.62±6.65

57 (51.7%)
52 (48.3%)
139.77±68.37
312.37±74.82
115.96±26.31
98.30±23.62
148.39±49.58
94.93±47.97
16.58±6.30

39 (37.5%)
38 (36.5%)
27 (26.0%)

44 (40.4%)
36 (33.0%)
29 (26.6%)

P value
NS
NS

0.033
0.002
0.041
0.033
<0.001
<0.001
0.011
NS

BBS: benign biliary strictures; ESCC: early-stage cholangiocarcinoma; TBIL: total bilirubin; ALP: alk phosphatase; ALT: alanine aminotransferase AST: aspartate aminotransferase; NS: not significant.

tant role in T cell-mediated immune inflammatory responses [7], and increasing studies
found that highly expressed B7-H4 in tumour
cells, including lung [8], gastric [9] and breast
[10], is closely related to adverse clinical outcomes. Recently, soluble B7-H4 (sB7-H4) has
been detected in peripheral blood from patients
with cancer, including ovarian cancer [11, 12],
gastric cancer [13] and renal cell carcinoma
[14], and the expression level of serum sB7-H4
in tumour patients was significantly higher than
healthy volunteers and was closely related to
malignant progression and prognosis, which
suggested sB7-H4 is a useful tumour marker
for cancer diagnosis and prognostic evaluations [15, 16]. In the tumour microenvironment,
whether CC cells that cause biliary strictures
can release sB7-H4 into bile, the level of sB7H4 in bile from ESCC is higher than BBS, and
the expression of sB7-H4 in bile is associated
with bile duct cancer malignant progression
and prognosis remain unclear.
In the current study, bile was collected in
patients with biliary strictures when patients
were undergoing ERCP examination, and the
diagnostic accuracy was compared bile sB7H4, routine tumor markers, ETBC and ETFB
between BBS and ESCC. Additionally, we collected the data of clinical parameters of ESCC
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and assessed correlations between bile
sB7-H4 levels and clinical progression of
ESCC.
Materials and methods
Consecutive patients diagnosed with biliary strictures and treated from June 2009
to June 2014 in the Union Hospital of
Huazhong University of Science and Technology were enrolled prospectively in
this study. Patients included in this study
underwent routine diagnostic procedures,
including abdominal ultrasound, abdominal CT scans and biliary tract MRI, and
could not be ruled out. Then, ETBC or ETFB
were performed first, and bile was collected during the ERCP. In patients with
negative cytology/histology after the first
attempt of ETBC or ETFB, EUS-FNAB was
performed.
Unoperated patients considered negative
for CC were noted on follow-up imaging
studies for at least 6 months, if any deterioration of the patient’s general health was
found, a second attempt of ETFB was executed.
Diagnostic accuracy is defined as the ratio of
the total of ture-positive and ture-negative
divided by the sum of specimens. After ETBC,
ETFB or EUS-FNAB was performed, all patients
received at least 1 day of follow-up examinations with laboratory and radiologic tests.
For patients with positive cytology/histology
undergoing radical resection of tumour or palliative surgery, the tumour specimens were confirmed again by pathological examination. Patients diagnosed with CC were classified according to the tumour-node-metastasis (TNM)
classification (UICC, 2010) [17], only CC patients with TNM stage I or II were included. The
study was approved by the Ethics Committee
of Huazhong University of Science and Technology for Clinical Investigation and with the
1964 Helsinki declaration and its later amendments or comparable ethical standards. All the
patients were followed up for 3 years with
detailed records of the clinical data.
Bile acquisition and storage
During ERCP, after the common bile duct cannulation and before the injection of contrast
agent, the catheter was successfully passed by
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Systems (Minneapolis, MN, USA) and in accordance with the operating instructions for processing. Briefly, all the bile samples were added
in to the microplate strips and incubated for 2
h. We then aspirated each well and washed
four times. We transferred 200 μl of B7-H4 conjugate to each well and incubated for another 2
h at room temperature, then removed the
B7-H4 and washed. Next, we added 200 μl of
substrate solution to each well and incubated
for 30 min, avoiding light. Finally, we added 50
μL of Stop Solution to each well, and the sample’s absorbance was detected at 450/540
nm.
Figure 1. Detection of sB7-H4 levels in bile samples.
The concentration of sB7-H4 in the bile of MBS was
significantly higher than in BBS (*P<0.001).

Statistical analysis
Differences between the BBS and ESCC groups
were evaluated by chi-square test, Fisher’s
exact test or Mann-Whitney U-test. The diagnostic value of sB7-H4 in differentiating between BBS and ESCC was assessed by receiver
operating characteristic (ROC) curves. The
Kaplan-Meier method was used to assess the
survival curves, and the log-rank test was performed to detect the differences in survival
rates. Related factors of prognosis in ESCC
were analysed with univariate and multivariate
analyses (Cox regression models), and covariates with P value less than 0.05 were included
in the multivariate analysis. P values <0.05
were considered statistically significant. SPSS
software version 20.0 (SPSS, Chicago, IL, USA)
was used for the statistical analyses.
Results

Figure 2. Comparison of the diagnostic value of bile
sB7-H4, CA19-9, CA12-5 and CEA for MBS. The AUC
values of bile sB7-H3, CA19-9, CA12-5 and CEA were
0.837, 0.713, 0.554 and 0.451, respectively.

the obstructing lesion into the proximal bile
duct and collected 1-3 ml of bile through the
sphincterotome and into a sterile syringe. Bile
samples were centrifuged for 1000 g for 15
min at 4°C, then divided into 5 tubes and stored
at -70°C. Every three months, the sB7-H4 concentration in the bile was detected and
recorded.
Detection of sB7-H4
The level of sB7-H4 in the bile was detected
using an sB7-H4 ELISA kit purchased from R&D
701

Detection of sB7-H4 expression in bile from
patients with bile duct strictures
A total of 213 patients with duct strictures were
enrolled in the study. According to the ETBC
and ETPB, EUS-FNAB, postoperative specimen
pathological reports and the results of followup imaging, all enrolled patients reached an
exact diagnosis and were divided into two
groups BBS (n=104) and ESCC (n=109). The
clinical characteristics of the two groups are
shown in Table 1. The data of CA19-9, CA12-5,
CEA and other blood biochemical examination
results were obtained from the clinical laboratory before the patients received any treatment. The serum CA19-9 levels were the highest in the ESCC (148.39±49.58 U/ml) group
followed by the CA12-5 levels (94.93±47.97 U/
Am J Cancer Res 2018;8(4):699-707
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Table 2. Diagnostic performance of sB7-H4, CA199, CA125, and CEA for ESCC
Group
sB7-H4
CA19-9
CA12-5
CEA

Cut off value
1.86 ng/ml
126.91 U/ml
104.34 U/ml
17.87 ng/ml

Sensitivity (%)
81.7
66.1
37.6
20.2

Specificity (%)
69.1
68.3
70.2
76.0

AUC
0.837
0.713
0.554
0.451

P Value*
<0.001
<0.001
<0.001

95% CI
0.785-0.889
0.645-0.782
0.477-0.631
0.374-0.528

*P<0.05 for comparison of AUC values between sB7-H4 and CA199, sB7-H4 and CA125, sB7-H4 and CEA.

Table 3. Diagnostic performance of ETBC or ETFB
on ESCC, either alone or combined with sB7-H4
Sensitivity Specificity PPV NPV Accuracy
(%)
(%)
(%) (%)
(%)
BC
54.2
100
100 67.5
76.5
TFB
66.9
100
100 74.3
83.1
sB7+BC
83.4
100
100 85.2
91.5
sB7+TFB
88.1
100
100 98.9 93.9
ETBC: brush cytology; ETFB: transpapillary forceps biopsy;
sB7:sB7-H4; NPV: negative predictive value; PPV: positive
predictive value.

ml), and CEA levels (16.58±6.30 ng/ml) compared to the BBS group. The other biochemical
indexes of ALT, AST, ALP and total bilirubin of
ESCC also showed significant differences compared to BBS. According to the narrow point of
bile duct strictures, the patients were divided
into the following 3 groups: proximal, middle
and distal. The numbers of BBS in the three
groups were 41, 39 and 29, respectively,
whereas the numbers of ESCC were 39, 37 and
28. There was no significant difference between
BBS and ESCC.
We extracted the sB7-H4 data of the related patients from the database and analysed
these data. As shown in Figure 1, the sB7-H4
levels in the bile of patients with ESCC (2.912±
0.079 ng/mL, with a range of 0.859 to 5.006
ng/mL) were significantly higher than in patients with BBS (1.483±0.061 ng/mL, with a
range of 0.084 to 3.355 ng/mL, P<0.001).
The diagnostic value of bile sB7-H4 in ESCC
To estimate the diagnostic and differential diagnosis value of sB7-H4 in BBS and ESCC, ROC
curves analyses were performed to assess. As
shown in Figure 2, the area under the ROC
curves of bile sB7-H4 was 0.837, and the 95%
confidence interval (CI) reached 0.785-0.889.
The highest efficacy was detected when 1.86
ng/ml was adopted as the cut-off, the sensitiv702

ity was 81.7% and specificity was 69.1%. The
negative predictive value (NPV) was 78.3%,
and the positive predictive value (PPV) was
73.5% according to the EUS-FAN and postoperative pathological results.
Furthermore, when we compared the bile sB7H4 levels and conventional tumour markers
including serum CA19-9, CA12-5 and CEA levels, we found the areas under the ROC curves
of CA19-9, CA12-5 and CEA were 0.713, 0.554
and 0.451, respectively, which were significantly lower than that of bile sB7-H4. The overall
sensitivity and specificity of the diagnosis of
ESCC were significantly lower than bile sB7-H4
(Table 2).
Diagnostic power of the bile sB7-H4 level,
ETBC and ETFB in MBS
ETBC or ETFB is routine practice in patients
with suspected MBS, and although it is easy to
perform, its lower sensitivity limits its clinical
value. According to the set of diagnostic criteria, the sensitivity, specificity, NPV, PPV and
accuracy of ETBC or ETFB alone or combined
with sB7-H4 in differentiating MBS patients
from BBS was analysed (Table 3). We determined that the sensitivity of ETBC and ETPB
was 54.1% and 66.9%, which was far below
than that of ETBC or ETPB combined with sB7H4 in bile (83.4% and 88.1%), respectively.
These results indicate that ETBC or ETFB combined with sB7-H4 was better than ETBC or
ETFB alone in differentiating ESCC patients
from BBS patients.
Correlation between bile sB7-H4 concentration
and clinical characteristics in ESCC
Based on the ELISA result of sB7-H4, we used
sB7-H4 (1.86 ng/ml) as the cut-off value and
divided patients with ESCC into groups with
high (n=80) and low (n=29) sB7-H4 levels. The
correlation between bile sB7-H4 levels and various clinicopathologic features and tumour
Am J Cancer Res 2018;8(4):699-707
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level of bile sB7-H4 in patients
with ESCC was found to be correlated with vascular invasion (P<
0.001), lymph node metastasis
(P<0.001) and TNM stage (P=
0.018). However, there is no statistically significant correlation
between sB7-H4 level and age or
gender, which suggests that sB7H4 levels might be closely related
to the vascular invasion and
lymph node metastasis of patient
with ESCC.

Table 4. Clinicopathological characteristics of ESCC
Characteristics
Age, years
<60
≥60
Gender
Male
Female
Stricture location
Proximal
Middle
Distal
Vascular invasion
Negative
Positive
Lymph node metastasis
Without
With
TNM stage
I
II

sB7-H4 level
Number High, n (%) Low, n (%)
57
52

45 (78.9%) 12 (21.1%)
35 (67.3%) 17 (32.7%)

53
56

39 (73.6%) 14 (26.4%)
41 (73.2%) 15 (26.7%)

41
39
29

29 (70.7%) 12 (29.3%)
28 (71.8%) 11 (28.2%)
23 (79.3%) 6 (20.7%)

P value
NS

NS

NS

Correlation between bile sB7-H4
levels and prognosis of ESCC

<0.001
28
81

9 (32.1%) 19 (67.9%)
71 (87.7%) 10 (12.3%)

The median survival times of
patients with ESCC with high and
low sB7-H4 levels were 20.37
months and 27.24 months, respectively. The overall survival (OS)
0.018
of patients in the high sB7-H4
group was significantly lower than
patients in the low sB7-H4 group
(Figure 3, P=0.009). As shown in
Figure 4, the univariate analysis
revealed that the factors impacting the OS
were vascular invasion, lymph node metastasis
and TNM stage and bile sB7-H4 levels (P=
0.021, P=0.015, P=0.001, P=0.012, respectively). The multivariate Cox regression analysis
showed that the death risk of patients in the
high sB7-H4 group was significantly higher
(P=0.025), which was the same in patients
with vascular invasion, lymph node metastasis
and higher TNM stage (P=0.024, P=0.021,
P=0.011, respectively).
<0.001

32
77

12 (37.5%) 20 (62.5%)
68 (88.3%) 9 (11.7%)

51
58

32 (62.7%) 19 (37.3%)
48 (82.8%) 10 (17.2%)

NS: not significant.

Discussion

Figure 3. OS rates for MBS patients in relation to the
bile sB7-H4 level. All MBS patients were divided into
high (n=124) and low (n=25) sB7-H4 groups. The
survival rate of the MBS patients in the highsB7-H4
group was significantly lower than that of the patients in the low sB7-H4 group (P=0.009).

related factors was evaluated. Patients diagnosed with ESCC were classified according to
TNM classification. As shown in Table 4, a high
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Stenosis is a common disease in the bile duct
system, the main cause of malignant stenosis
is CC, and the biological characteristics of infiltration along the bile duct wall make it difficult
to distinguish it from benign stenosis. Routine
examination methods such as transabdominal
ultrasound, CT, MRI/ERCP and other methods
were also poor ability to distinguish, often not
be used as a clear basis for diagnosis [18], and
the sensitivity of ERCP or EUS-FNA is also low
[19], seriously affecting the accuracy of clinical
diagnosis. Patients with suspected MBS have
to undergo ERCP examination repeatedly or fur-
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Figure 4. Univariate and multivariate analyses of OS in ESCC patients. The death risk of patients with high bile sB7H4 level, vascular invasion, lymph node metastasis and higher TNM stage was significantly higher than patients
without that through univariate and multivariate analyses. OS: overall survival; HR: hazard ratio; NS: not significant;
NA: not adopted.

ther receive EUS-FNA, which increases patients’
medical costs and suffering, and clinical decisions might be delayed for several weeks to
months at a time [20]. Therefore, improving the
sensitivity and accuracy of patients with suspected MBS, especially the ESCC, will be conducive to our clinical decisions and treatment.
Biomarkers (detected in the serum or other
body ﬂuids) are under intense scrutiny throughout numerous clinical studies. Their diagnostic
and prognostic values are studied with the
hope to identify early-stage carcinoma or to differentiate benign and malignant disease, as
well as to guide treatment [21]. Serum or bile
CA19-9 concentration is the most used tumor
markers in clinical practice for CC detection.
However, a wide range of sensitivity (50-90%)
and specificity (54-98%) of this biomarker for
CC has been reported [22-24], and the elevated
serum or bile CA19-9 has also been detected in
patients with benign diseases, including calculus of bile duct, cholangitis and nonmalignant
jaundice, therefore, the diagnosis accuracy of
CA19-9 for differentiating CC and BBS is not
reliable [25, 26]. Other biomarkers including
CA12-5 and CEA in serum or bile have also
been applied to detect CCA, but both of them
are not satisfactory for CCA diagnosis due to
low specificity and sensitivity [27, 28]. In addi704

tion, several studies have shown that CA19-9,
CA12-5 and CEA are not satisfied with the diagnosis of ESCC [29, 30]. Hence, explore new
tumor markers would be beneficial in the diagnosis and management of CC.
The study showed that the sB7-H4 concentration in the bile of ESCC was significantly higher
than that in BBS (P<0.001). Compared to conventional the serum tumour markers CA19-9,
CA12-5 and CEA, the diagnostic and differential diagnosis performance of bile sB7-H4 at the
cut-off levels were significantly higher in differentiating BBS and ESCC than the first three.
These results indicate that the bile sB7-H4 has
a good diagnostic performance in the differential diagnosis of BBS and ESCC, and sB7-H4 in
the bile might serve as a potential biomarker
for patients with ESCC. Collecting bile and testing the sB7-H4 concentration when the bile
duct stenosis patients are undergoing ERCP,
and then using these findings separately or
combined with ERCP for diagnosis and differential diagnosis in patients suspected ESCC
makes a simple method and does not increase
pain for the patients.
ERCP-based cytological/tissue examination is
the basic and primary method of diagnosing
patients with suspected MBS [31], observing
Am J Cancer Res 2018;8(4):699-707
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the narrow point and the degree of stenosis
and obtaining cell and tissue samples with a
cytology brush or forceps biopsy to obtain a
definite diagnosis has the advantage of high
specificity in patients with suspected MBS [32].
However, the diagnostic yield of ETBC or ETFB
for biliary stricture has been reported to be
unsatisfactory, mainly because of the following
reasons: size and type of stricture, location,
cytology preparation and interpretation, and
the experience and skill of the endoscopist [33,
34]. In this study, bile was gathered through
ERCP, and bile sB7-H4 was detected for the
diagnosis of ESCC, overcoming the above shortcomings and enhancing the efficiency of the
ESCC initial diagnosis; the diagnostic sensitivity and accuracy were well above ETBC or ETFB.
Additionally, this method could reduce the incidence of further EUS-FNA detection after ETBC
or ETFB and save expenses for patients.
The present study revealed a link between the
bile sB7-H4 level and clinicopathological characteristics of patients with ESCC. We found
that the level of sB7-H4 in bile was closely related to vascular invasion, lymph node metastasis
and TNM staging of the ESCC, suggesting a full
estimate the difficulty of surgical risk and possibility of palliative operation and indicates that
the high sB7-H4 group could select strong
targeted chemotherapy after surgery, and the
low sB7-H4 group could choose modest postoperative chemotherapy. Additionally, our study
investigated the relationship between the level
of bile sB7-H4 and the OS in patients with
ESCC, and the result showed that the 3-year OS
in high sB7-H4 group was significantly lower
than that in the low sB7-H4 group. Moreover,
the multivariable analysis confirmed that sB7H4 from bile is an independent factor influencing postsurgical survival time in patients with
ESCC. These results indicate that measuring
sB7-H4 levels in bile might provide insight into
the prognosis of patients with ESCC.
It is worth noting that in this study, we did not
evaluate B7-H4 expression for the correlation
between bile sB7-H4 expression levels and
B7-H4 expression level in tumour tissues.
Therefore, it is unclear whether tumour cells
could secrete sB7-H4 into bile. However, the
results that the level of bile sB7-H4 in the ESCC
patients was significantly higher than in BBS
patients, suggesting that bile sB7-H4 in ESCC
patients is released in large amounts from
705

tumour cells. In addition, all ETBC or ETFB examinations were performed by two highly experienced endoscopists, and results could be different in other institutions. These research findings are based on a single prospective study
centre, and the diagnostic and prognostic value
of bile sB7-H4 for patients with ESCC needs a
further multicentre study to be confirmed.
The present study demonstrated that bile sB7H4 levels can be considered an index for the
differential diagnosis of BBS and ESCC. Moreover, sB7-H4 can be used as a biomarker for
diagnosis and prognosis in patients with ESCC.
Acknowledgements
The authors acknowledge Dr. Long Zhao
for help with statistical analysis and critical
reading of the manuscript. This project was
supported by 2016 Hubei Province Knowledge Innovation Special (Natural Science Foundation) (2016CKC779), Huazhong University
of Science and Technology Innovation Fund
(2015LC006) and Soft Science Application
Program of Wuhan Scientific and Technological
Bureau of China (No. 2016040306010211).
Disclosure of conflict of interest
None.
Address correspondence to: Min Tian and Qinggang Hu, Department of Hepatobiliary Surgery,
Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, No. 1277,
Jiefang Road, Wuhan 430022, Hubei Province,
China. Tel: 86-027-85726136; E-mail: tanmin68@
163.com (MT); huqinggang201711@163.com (QGH)

References
[1]

[2]

[3]
[4]

Khan SA, Davidson BR, Goldin RD, Heaton N,
Karani J, Pereira SP, Rosenberg WM, Tait
P, Taylor-Robinson SD, Thillainayagam AV,
Thomas HC, Wasan H; British Society of
Gastroenterology. Guidelines for the diagnosis
and treatment of cholangiocarcinoma: an update. Gut 2012; 61: 1657-1669.
Gatto M, Bragazzi MC, Semeraro R, Napoli C,
Gentile R, Torrice A, Gaudio E and Alvaro D.
Cholangiocarcinoma: update and future perspectives. Dig Liver Dis 2010; 42: 253-260.
Patel T. New insights into the molecular pathogenesis of intrahepatic cholangiocarcinoma. J
Gastroenterol 2014; 49: 165-172.
Bagante F, Gani F, Spolverato G, Xu L, Alexandrescu S, Marques HP, Lamelas J, Aldrighetti L,

Am J Cancer Res 2018;8(4):699-707

Detection cholangiocarcinoma by soluble B7-H4

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

706

Gamblin TC and Maithel SK. Intrahepatic cholangiocarcinoma: prognosis of patients who did
not undergo lymphadenectomy. J Am Coll Surg
2015; 221: 1031-1040, e1034.
Temino Lopez-Jurado R, Cacho Acosta G,
Arguelles Pintos M, Rodriguez Caravaca G,
Lledo Navarro JL and Fernandez Rodriguez C.
Diagnostic yield of brush cytology for biliary
stenosis during ERCP. Rev Esp Enferm Dig
2009; 101: 385-389.
Weilert F, Bhat YM, Binmoeller KF, Kane S,
Jaffee IM, Shaw RE, Cameron R, Hashimoto Y
and Shah JN. EUS-FNA is superior to ERCPbased tissue sampling in suspected malignant
biliary obstruction: results of a prospective,
single-blind, comparative study. Gastrointest
Endosc 2014; 80: 97-104.
Sica GL, Choi IH, Zhu G, Tamada K, Wang SD,
Tamura H, Chapoval AI, Flies DB, Bajorath J
and Chen L. B7-H4, a molecule of the B7
family, negatively regulates T cell immunity.
Immunity 2003; 18: 849-861.
Li ZY, Zhang XH, Chen Y, Guo JG, Sai K, Yang
QY, Chen ZP and Mou YG. Clinical significance
of B7-H4 expression in matched non-small cell
lung cancer brain metastases and primary tumors. Onco Targets Ther 2013; 6: 869-875.
Arigami T, Uenosono Y, Hirata M, Hagihara T,
Yanagita S, Ishigami S and Natsugoe S.
Expression of B7-H4 in blood of patients with
gastric cancer predicts tumor progression and
prognosis. J Surg Oncol 2010; 102: 748-752.
Tringler B, Zhuo S, Pilkington G, Torkko KC,
Singh M, Lucia MS, Heinz DE, Papkoff J and
Shroyer KR. B7-h4 is highly expressed in ductal and lobular breast cancer. Clin Cancer Res
2005; 11: 1842-1848.
Simon I, Zhuo S, Corral L, Diamandis EP, Sarno
MJ, Wolfert RL and Kim NW. B7-h4 is a novel
membrane-bound protein and a candidate serum and tissue biomarker for ovarian cancer.
Cancer Res 2006; 66: 1570-1575.
Simon I, Liu Y, Krall KL, Urban N, Wolfert RL,
Kim NW and McIntosh MW. Evaluation of the
novel serum markers B7-H4, Spondin 2, and
DcR3 for diagnosis and early detection of ovarian cancer. Gynecol Oncol 2007; 106: 112118.
Shi H, Ji M, Wu J, Zhou Q, Li X, Li Z, Zheng X, Xu
B, Zhao W, Wu C and Jiang J. Serum B7-H4 expression is a significant prognostic indicator
for patients with gastric cancer. World J Surg
Oncol 2014; 12: 188.
Thompson RH, Zang X, Lohse CM, Leibovich
BC, Slovin SF, Reuter VE, Cheville JC, Blute ML,
Russo P, Kwon ED and Allison JP. Serumsoluble B7x is elevated in renal cell carcinoma
patients and is associated with advanced
stage. Cancer Res 2008; 68: 6054-6058.

[15] Zhang C, Li Y and Wang Y. Diagnostic value of
serum B7-H4 for hepatocellular carcinoma. J
Surg Res 2015; 197: 301-306.
[16] Xu CH, Wang W, Wang YC, Lin Y and Zhang XW.
Diagnosis value of serum soluble B7-H4 expression in non-small cell lung cancer. Clin
Respir J 2018; 12: 134-139.
[17] Sasaki R, Murata S, Oda T, Ohkohchi N, Takeda
Y and Wakabayashi G. Evaluation of UICCTNM and JSBS staging systems for surgical patients with extrahepatic cholangiocarcinoma.
Langenbecks Arch Surg 2010; 395: 615-623.
[18] Liu Y, Zhong X, Yan L, Zheng J, Liu Z and Liang
C. Diagnostic performance of CT and MRI in
distinguishing intraductal papillary neoplasm
of the bile duct from cholangiocarcinoma with
intraductal papillary growth. Eur Radiol 2015;
25: 1967-1974.
[19] Weilert F, Bhat YM, Binmoeller KF, Kane S,
Jaffee IM, Shaw RE, Cameron R, Hashimoto Y
and Shah JN. EUS-FNA is superior to ERCPbased tissue sampling in suspected malignant
biliary obstruction: results of a prospective,
single-blind, comparative study. Gastrointest
Endosc 2014; 80: 97-104.
[20] Curcio G, Granata A, Barresi L, Tarantino I and
Traina M. EUS-FNA versus ERCP-based tissue
sampling: can intraductal aspiration improve
ERCP diagnostic accuracy in suspected malignant biliary obstruction? Gastrointest Endosc
2014; 80: 365.
[21] Wang B, Chen L and Chang HT. Potential diagnostic and prognostic biomarkers for cholangiocarcinoma in serum and bile. Biomark Med
2016; 10: 613-619.
[22] Patel AH, Harnois DM, Klee GG, LaRusso NF
and Gores GJ. The utility of CA 19-9 in the
diagnoses of cholangiocarcinoma in patients
without primary sclerosing cholangitis. Am J
Gastroenterol 2000; 95: 204.
[23] Qin XL, Wang ZR, Shi JS, Lu M, Wang L and He
QR. Utility of serum CA19-9 in diagnosis of
cholangiocarcinoma: in comparison with CEA.
World J Gastroenterol 2004; 10: 427.
[24] Levy C, Lymp J, Angulo P, Gores GJ, Larusso N
and Lindor KD. The value of serum CA 19-9 in
predicting cholangiocarcinomas in patients
with primary sclerosing cholangitis. Dig Dis Sci
2005; 50: 1734-1740.
[25] Ong S, Sachdeva A, Garcea G, Gravante G,
Metcalfe M, Lloyd D, Berry D and Dennison A.
Elevation of carbohydrate antigen 19.9 in benign hepatobiliary conditions and its correlation with serum bilirubin concentration. Dig Dis
Sci 2008; 53: 3213-3217.
[26] Principe A, Del Gaudio M, Grazi G, Paolucci U
and Cavallari A. Mirizzi syndrome with cholecysto-choledocal fistula with a high CA19-9
level mimicking biliary malignancies: a case

Am J Cancer Res 2018;8(4):699-707

Detection cholangiocarcinoma by soluble B7-H4

[27]

[28]

[29]

[30]

707

report. Hepatogastroenterology 2003; 50:
1259-1262.
Nakanuma Y and Sasaki M. Expression of
blood group-related antigens in the intrahepatic biliary tree and hepatocytes in normal
livers and various hepatobiliary diseases.
Hepatology 1989; 10: 174-178.
Chen CY, Shiesh SC, Tsao HC and Lin XZ. The
assessment of biliary CA 125, CA 19-9 and
CEA in diagnosing cholangiocarcinoma--the influence of sampling time and hepatolithiasis.
Hepatogastroenterology 2002; 49: 616-620.
Deng Y, Zhong R, Xie X, Xiong X, He J, Peng L,
Zeng H and Duan C. Serum CEA, CA125, CA199, and CA724 levels for the diagnosis and
staging of cholangiocarcinoma. Biomedical
Research 2017; 28.
Wang JK, Hu HJ, Shrestha A, Ma WJ, Yang Q,
Liu F, Cheng NS and Li FY. Can preoperative
and postoperative CA19-9 levels predict survival and early recurrence in patients with resectable hilar cholangiocarcinoma? Oncotarget 2017; 8: 45335.

[31] Xu MM and Sethi A. Diagnosing biliary malignancy. Gastrointest Endosc Clin N Am 2015;
25: 677-690.
[32] Lee SJ, Lee YS, Lee MG, Lee SH, Shin E and
Hwang JH. Triple-tissue sampling during endoscopic retrograde cholangiopancreatography
increases the overall diagnostic sensitivity for
cholangiocarcinoma. Gut Liver 2014; 8: 669673.
[33] Eiholm S, Thielsen P and Kromann-Andersen
H. Endoscopic brush cytology from the biliary
duct system is still valuable. Dan Med J 2013;
60: A4656.
[34] Papachristou GI, Smyrk TC and Baron TH.
Endoscopic retrograde cholangiopancreatography tissue sampling: when and how? Clin
Gastroenterol Hepatol 2007; 5: 783-790.

Am J Cancer Res 2018;8(4):699-707

