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Abstract: As cancer development involves pathological vessel formation, 16 angiogenesis markers
were evaluated as potential ovarian cancer (OC) biomarkers. Blood samples collected from
172 patients were divided based on histopathological result: OC (n = 38), borderline ovarian tumours
(n = 6), non-malignant ovarian tumours (n = 62), healthy controls (n = 50) and 16 patients were excluded.
Sixteen angiogenesis markers were measured using BioPlex Pro Human Cancer Biomarker Panel 1
immunoassay. Additionally, concentrations of cancer antigen 125 (CA125) and human epididymis
protein 4 (HE4) were measured in patients with adnexal masses using electrochemiluminescence
immunoassay. In the comparison between OC vs. non-OC, osteopontin achieved the highest area
under the curve (AUC) of 0.79 (sensitivity 69%, specificity 78%). Multimarker models based on four
to six markers (basic fibroblast growth factor—FGF-basic, follistatin, hepatocyte growth factor—HGF,
osteopontin, platelet-derived growth factor AB/BB—PDGF-AB/BB, leptin) demonstrated higher
discriminatory ability (AUC 0.80–0.81) than a single marker (AUC 0.79). When comparing OC
with benign ovarian tumours, six markers had statistically different expression (osteopontin, leptin,
follistatin, PDGF-AB/BB, HGF, FGF-basic). Osteopontin was the best single angiogenesis marker
(AUC 0.825, sensitivity 72%, specificity 82%). A three-marker panel consisting of osteopontin, CA125
and HE4 better discriminated the groups (AUC 0.958) than HE4 or CA125 alone (AUC 0.941 and
0.932, respectively). Osteopontin should be further investigated as a potential biomarker in OC
screening and differential diagnosis of ovarian tumours. Adding osteopontin to a panel of already
used biomarkers (CA125 and HE4) significantly improves differential diagnosis between malignant
and benign ovarian tumours.
Keywords: ovarian cancer; biomarkers; angiogenesis

1. Introduction
Ovarian cancer (OC) remains the most deadly gynaecological malignancy and is responsible for
4.3% of deaths due to neoplasms in women worldwide and 6.1% in Poland [1]. Due to the scarceness
and low specificity of early symptoms, this malignancy often develops undetected until reaching
advanced stages, when the prognosis is poor and the treatment options are limited. When diagnosed
at an early stage, ovarian cancer can be curable with conventional surgery and chemotherapy in up to
90% of cases. Five-year survival rates in stage I disease (according to classification by International
Federation of Gynaecology and Obstetrics (FIGO)) range from 83.4%–89.6% [2]. Unfortunately,
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at present only about 25% of women are diagnosed at FIGO I–II stage, while in over 70% the disease is
advanced (FIGO stage III–IV) at the moment of diagnosis when five-year survival drops to 30% [2].
No effective OC screening markers exist and there is no country with an efficient screening
programme. The diagnosis of an ovarian tumour is based on clinical assessment (risk factors, symptoms
and physical examination) followed by transvaginal ultrasound examination. Both methods are
highly subjective, have low specificity and are not recommended in screening [3]. On transvaginal
ultrasound benign and malignant adnexal masses can be distinguished with a sensitivity and specificity
of 86%–94% and 94%–96%, respectively [3]. In recent years, two biomarkers, cancer antigen 125
(CA125) and human epididymis protein 4 (HE4) have been introduced into clinical practice in the
diagnostic process but their use is limited to patients with adnexal masses identified previously in
transvaginal ultrasound. Correct differentiation between benign and malignant pathologies of the
ovary, especially among premenopausal women, is often possible only by histological examination
of the tissue. This results in unnecessary surgical procedures that could be avoided if a reliable
non-invasive diagnostic method existed, as over 90% of ovarian masses detected in pre-menopausal
women and up to 60% of those in post-menopausal women are benign [4].
When finding a universal OC biomarker did not seem feasible, in 2004 Kurman et al. [5] proposed
a dualistic model of OC pathogenesis based on clinical and molecular analysis. The model divides OC
type I (encompassing serous grade 1, endometrial grade 1, mucinous and clearcell OC) and type II
(including serous grade 2–3, endometrial grade 2–3, carcinosarcoma and undifferentiated OC). Type I
OC accounts for 25% of all OC cases, is usually diagnosed at earlier stages, tumor growth is slower
and prognosis is better compared to type II ovarian cancer. This model was also addressed in the
presented paper.
As the development of a neoplasm involves intensive formation of new blood vessels,
angiogenesis biomarkers seem to be a feasible target to investigate. Since late 1960s many studies
have shown that tumour cells produce diffusible factors which mediate tumour angiogenesis. It has
become an established factor in human carcinogenesis that influences tumour growth and invasion [6].
Consequently, many angiogenesis markers have been identified. Identifying a specific disease
indicator(s) in serum could provide a convenient and non-invasive diagnostic method, help to monitor
the treatment or disease progression and possibly enable the development of new treatment strategies.
Many studies investigated the expression of angiogenesis markers, alone or in small panels, in various
malignancies [7–12] showing promising results. As a consequence, anti-angiogenic treatment has been
extensively investigated and already introduced into clinical practice with significant therapeutic effect
for several cancers, including OC [13].
To the best of our knowledge, this is the first study which uses this set of angiogenesis
multi-marker Bioplex panel for OC study. Additionally, the studied groups encompassed not only
healthy controls and OC patients, but also patients with benign ovarian tumours. Adoption of novel
methodology enabled simultaneous determination of serum levels of 16 different angiogenesis markers
in one experiment. The aim of this study was to evaluate the usefulness of angiogenesis markers in
OC detection and differential diagnosis of ovarian tumours (Table 1). The utility of sets of various
markers was examined in order to identify the most effective combination. Moreover, they were
further compared with markers already used in clinical practice (CA125 and HE4) as a diagnostic
tool of OC.
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Table 1. Serum average levels and standard deviation (SD) of 16 markers: sEGFR, FGF-basic, follistatin, G-CSF, HGF, sHER2/neu, sIL-6Rα, leptin, osteopontin,
PECAM-1, PDGF-AB/BB, prolactin, SCF, sTIE-2, sVEGFR-1 and sVEGFR-2 in tested groups.
Ovarian Cancer
Angiogenesis
Marker
sEGFR
FGF-basic
Follistatin
G-CSF
sHER2/neu
HGF
sIL-6Rα
Leptin
Osteopontin
PDGF-AB/BB
PECAM-1
Prolactin
SCF
sTIE-2
sVEGFR-1
sVEGFR-2
CA125
HE4

Type I

Type II

Control Group
Total

Non-Malignant Tumor

Healthy Subjects

Total

Average

SD

Average

SD

Average

SD

Average

SD

Average

SD

Average

SD

20,342.13
180.48
685.78
92.53
3320.85
1440.99
15,154.04
7928.88
46,882.40
4396.93
4411.84
11,688.28
183.67
7697.06
323.51
2906.88
344.68
258.78

5845.31
44.22
317.57
26.26
948.04
779.83
4441.99
7133.65
19,429.79
2274.18
996.33
9112.09
56.25
2707.86
200.50
1024.60
536.27
399.07

20,295.90
203.77
1042.48
109.25
4091.06
1936.05
17,100.30
5892.49
73,250.94
5397.20
4748.20
8920.90
201.16
8890.87
373.64
3347.97
1053.88
760.70

8421.43
63.91
844.22
49.04
2061.63
1028.92
9621.15
6349.54
34,155.80
2941.45
1674.27
5128.69
84.71
4578.14
237.94
1631.41
1312.09
942.74

20,309.43
196.95
938.08
104.36
3865.63
1791.16
16,530.66
6488.51
65,533.32
5104.44
4649.75
9730.87
196.04
8541.46
358.96
3218.87
853.85
619.14

20,309.43
196.95
938.08
104.36
3865.63
1791.16
16,530.66
6488.51
65,533.32
5104.44
4649.75
9730.87
196.04
8541.46
358.96
3218.87
1184.66
851.91

21,309.90
179.00
547.91
88.79
3563.75
1305.13
14,733.51
11,162.45
34816.71
3653.87
4461.57
13,006.48
191.02
7824.73
288.61
3128.36
44.75
50.22

6318.37
52.12
232.49
23.68
1273.51
544.67
5632.62
9759.36
15,300.22
1517.89
1524.40
14,247.64
64.48
2841.97
122.69
1127.17
82.41
13.88

22,883.43
180.85
629.53
87.51
4428.57
1444.71
17,920.81
12,370.69
38,185.47
4007.50
4981.73
8799.15
208.57
7886.31
292.56
3520.94
-

9007.22
52.60
322.66
25.59
2414.32
711.23
12,282.34
14,333.84
20,838.74
2120.66
2088.27
6513.54
108.36
3240.18
150.46
1827.38
-

22,009.25
179.82
584.19
88.22
3948.11
1367.17
16,150.09
11,699.44
36,313.94
3811.04
4692.75
11,136.55
198.82
7852.10
290.37
3302.84
-

7633.25
52.10
277.84
24.44
1908.16
625.01
9289.22
11,963.72
17,962.64
1810.25
1806.74
11,618.07
86.76
3011.00
135.08
1485.19
-

sEGFR: soluble epidermal growth factor receptor; FGF-basic: basic fibroblast growth factor; G-CSF: granulocyte colony-stimulating factor; sHER2/neu:soluble human epidermal
growth factor receptor 2; HGF: hepatocyte growth factor; sIL-6Rα: soluble interleukin 6; PDGF-AB/BB: platelet-derived growth factor AB/BB; PECAM-1: platelet and endothelial
cell adhesion molecule 1; SCF: stem cell factor; sTIE-2: soluble receptor tyrosine kinase; sVEGFR: soluble vascular endothelial growth factor receptor; CA125: cancer antigen 125;
HE4: human epididymis protein 4; SD: standard deviation.
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2. Results
2.1. Usefulness of Angiogenesis Factors in Diagnosing Ovarian Cancer
The OC group was compared to the control group that consisted of patients with benign ovarian
tumours and healthy controls (borderline tumours were not included in this analysis). In the OC group,
circulating levels of five markers (basic fibroblast growth factor—FGF-basic, follistatin, hepatocyte
growth factor—HGF, osteopontin and platelet-derived growth factor AB/BB—PDGF-AB/BB) were
significantly increased (p < 0.03) in comparison to the control group, while the level of leptin was
significantly decreased (p = 0.0014) (Tables 1 and 2). Their discriminative ability was further checked
by calculating the receiver operating characteristic (ROC) curves which give a graphical presentation
of sensitivity and specificity of the studied factors. Areas under the curve (AUC) above 0.75 were
considered to characterize a satisfactory discriminating factor. The highest obtained AUC value
(0.79) was achieved by osteopontin with sensitivity of 69% and specificity of 78% at a cut-off value of
41,435.1 pg/mL (Table 2).
The obtained results were also analysed using Partial-Least Squares Discriminant Analysis
(PLS-DA) in order to distinguish the studied groups. This chemometric analysis confirmed
that the same angiogenesis markers, that were selected earlier in univariate tests, have the best
efficacy in discriminating between groups (Variable Importance in Projection—VIP score > 1.0).
Two markers—osteopontin and follistatin—achieved the VIP scores above 1.5. According to univariate
and multivariate analyses, osteopontin seems to be the best marker to distinguish patients with OC
and control group (i.e., healthy individuals and patients with benign ovarian tumours).
Furthermore, combinations of six markers (FGF-basic, follistatin, HGF, osteopontin, PDGF-AB/BB
and leptin), earlier selected as significant in univariate tests, were evaluated using multivariate ROC
analysis. All created models were characterized by AUC above 0.77. Models based on four to six
markers demonstrated higher discriminatory ability (AUC 0.80–0.81) than a single marker, osteopontin
(AUC > 0.79). In the models based on four and five features osteopontin, PDGF-AB/BB, FGF-basic
and follistatin were the most frequently used markers due to their high ability to differentiate studied
groups and the AUC based only on these four markers was 0.827 (Figure 1).
Table 2. Discriminatory value of serum angiogenesis markers expression showing significant p-values
(p < 0.05) and area under the receiver operating characteristic (ROC) curve (AUC > 0.610) between
studied groups.

Angiogenesis
Marker
FGF-basic
Follistatin
G-CSF
sHER2/neu
HGF
Leptin
Osteopontin
PDGF-AB/BB
CA125
HE4

OC vs. Control Group

Type I OC vs.
Healthy Controls

Type II OC vs.
Healthy Controls

OC vs. Benign
Ovarian Tumours

p-Value

AUC

p-Value

AUC

p-Value

AUC

p-Value

AUC

0.0288
0.002
0.02
0.001
<0.001
0.008
-

0.617
0.668
0.619
0.669
0.791
0.636
-

0.035
-

0.704
-

0.035
0.013
0.048
0.036
0.005
<0.001
0.019
-

0.642
0.675
0.643
0.645
0.696
0.82
0.645
-

0.026
<0.001
0.020
<0.001
<0.001
0.001
<0.001
<0.001

0.636
0.713
0.643
0.715
0.825
0.652
0.935
0.946

The highest obtained AUC values are bolded; OC: ovarian cancer; AUC: area under the curve.
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OC and patients with recurrent disease [15]. However, obtained results of median fluorescence
intensity still had to be confirmed with fully quantitative ELISA assays. Therefore, in our study
simultaneous measurement of multiple angiogenesis serum markers based on Bio-Plex technology
(Bio-Rad) was proposed. This strategy enabled the determination of particular proteins in one
assay and made this a unique angiogenesis multi-marker OC study. Another strength of this
analysis is the inclusion of not only healthy controls and OC patients but also patients with benign
ovarian tumours. Additionally, the concentrations of CA125 and HE4 were measured using another
method: electro-chemiluminescence immunoassay (ECLIA). This technique is routinely used in
many laboratories and hospitals in ovarian cancer studies [16,17]. According to rigorous validation
procedures made by manufacturers, the measured concentrations obtained in both Bioplex and ECLIA
analysis are reliable and they can be compared in statistical analysis to evaluate the usefulness of the
studied angiogenesis panel.
In our study, we evaluated the usefulness of 16 markers in OC diagnostics: soluble
epidermal growth factor receptor—sEGFR, basic fibroblast growth factor—FGF-basic, follistatin,
granulocyte colony-stimulating factor—G-CSF, hepatocyte growth factor —HGF, soluble human
epidermal growth factor receptor 2—sHER2/neu, soluble interleukin 6—sIL-6Rα, leptin, osteopontin,
platelet and endothelial cell adhesion molecule 1—PECAM-1, platelet-derived growth factor
AB/BB—PDGF-AB/BB, prolactin, stem cell factor—SCF, soluble receptor tyrosine kinase 2—sTIE-2,
soluble vascular endothelial growth factor receptor 1 and 2—sVEGFR-1 and sVEGFR-2. For eight of
these markers, targeted therapies are already under evaluation in clinical trials (Table 3) [18–24] and
some of the targeted drugs are already approved for clinical use in other than OC malignancies [23].
Table 3. Examples of the targeted therapies which are already under evaluation in clinical trials for
eight studied markers.
Marker

Full Name

sEGFR

soluble epidermal growth
factor receptor

Gefitinib; Erlotinib; Cetuximab

sHER-2/neu

human epidermal growth
factor receptor 2
erbB-2, ERBB2

Trastuzumab (Herceptin)

HGF

hepatocyte growth factor

Rilotumumab

basic fibroblast growth factor

Nintedanib (VEGFR, PDGFR, FGFR inhibitor);
Pazopanib (VEGFR, PDGFR, FGFR inhibitor);
Lucitanib (VEGFR 1–3 and FGFR 1–2 inhibitor)

Ivy et al. [22]

platelet-derived growth factor—a
dimeric glycoprotein composed of
two A (-AA) or two B (-BB) chains
or a combination of the two (-AB)

Cediranib (VEGFR 1–3, PDGFR inhibitor);
Sorafenib (VEGFR, PDGFR inhibitor);
Sunitinib (VEGFR, PDGFR, SCF inhibitor);
Nintedanib (VEGFR, PDGFR, FGFR inhibitor);
Pazopanib (VEGFR, PDGFR, FGFR inhibitor);
Imatinib (PDGFRs and SCF inhibitor)

Ivy et al. [22];
Choi et al. [23]

sVEGFR-1
(sVEGFR1/sFLT1)

soluble vascular endothelial
growth factor receptor 1

Cediranib (VEGFR 1–3, PDGFR inhibitor);
Sorafenib (VEGFR, PDGFR inhibitor);
Sunitinib (VEGFR, PDGFR inhibitor);
Nintedanib (VEGFR, PDGFR, FGFR inhibitor);
Pazopanib (VEGFR, PDGFR, FGFR inhibitor);
Lucitanib (VEGFR 1–3 and FGFR 1–2 inhibitor)

Ivy et al. [22]

sVEGFR-2

soluble vascular endothelial
growth factor receptor 2

FGF-basic

PDGF-AB/BB

SCF

stem cell factor

Target Drugs

Imatinib (PDGFRs and SCF inhibitor);
Sunitinib (VEGFR, PDGFR, SCF inhibitor)

Citation
Murphy et al. [18];
Secord et al. [19]
Ray-Coquard et al. [20]
Martin et al. [21]

Choi et al. [23];
Yasuda et al. [24]

Our research confirmed that serum concentrations of analysed angiogenesis markers vary between
the studied groups. The analysis that compared OC patients vs. benign ovarian tumours and
healthy controls was performed in order to search for a marker useful in screening. Osteopontin
was identified as the best single marker that allowed to distinguish those groups (Table 2). Creating
multi-marker panels only slightly improved the diagnostic accuracy. Differences in the expression
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of angiogenesis markers between type I and type II of OC were also evaluated. The serum level of
only one marker—sHER2/neu—was significantly different when comparing OC type I with healthy
controls while seven markers significantly distinguished type II OC from healthy controls (FGF-basic,
follistatin, G-CSF, HGF, leptin, osteopontin, PDGF-AB/BB) (Table 2). This leads to a conclusion that
angiogenesis is more pronounced in OC type II and can be indicative of its higher aggressiveness and
more rapid spread. Moreover, it undermines the significance of those markers in diagnosing type I
OC and supports Kurman’s theory about substantial discrepancies between OC types that should be
treated as separate entities [5].
Further analysis focused on differential diagnosis of ovarian tumours. The OC group was
compared with benign ovarian tumour group. Expression of six markers differed significantly
and, what needs to be emphasized, all those markers proved also to be significantly differently
expressed in diagnosing OC and distinguishing OC types. Osteopontin was proved to be the best
single angiogenesis marker to distinguish malignant and benign ovarian tumours with p-value below
0.001 and AUC equal 0.825. The concentrations of markers already used in clinical practice, CA125 and
HE4 were also measured. Both markers differentiated studied groups significantly (Table 2). However,
adding osteopontin to a multi-marker panel significantly improved the accuracy of the diagnosis
(AUC 0.958), thus asserting its potential role as OC marker.
Osteopontin was discovered as a protein secreted by osteoblasts in bone, although it is also
expressed in many other tissues and is involved in the number of different signalling pathways, such as
inflammation, immune response or angiogenesis [25]. Its levels were reported to be elevated in several
malignancies such as: breast, cervical, colorectal, prostate, lung and pancreatic cancers [26]. In OC,
it was proved to promote cancer cell growth, migration and invasion [27] and to be an independent
predictor of poor prognosis [28].
Our results, pointing at osteopontin as the most efficient of the 16 investigated angiogenesis
markers, are consistent with the results of meta-analyses that confirmed its elevated levels in OC
and concluded that it could be useful in diagnosing OC [29,30]. Another meta-analysis showed its
usefulness as an adjunct to CA125. It reported an overall diagnostic sensitivity and specificity of
ostepontin as a single marker in OC of 76.6% and 89.7%, respectively, while a combined test with
CA125 showed the sensitivity and specificity of 87.1% and 88.1%, respectively [31], which corresponds
with our results (Figure 2).
Another discriminatory marker in our study was follistatin. Its primary function is binding and
neutralization of activin, a paracrine hormone, which is often elevated in OC and therefore is a potential
therapeutic target in this malignancy [32]. It was also reported as a marker for endometriosis [33].
In a study by Ren et al. on 245 patients, including 45 with OC, follistatin was found to be significantly
elevated in patients with OC compared with healthy individuals [34], which is in agreement with our
findings (Tables 1 and 2).
Platelet-derived growth factor (PDGF), which in our study was elevated in OC patients, plays
a role in cell growth, chemotaxis, development of a vascular connective tissue stroma in tumorigenesis
as well as may contribute to lymphatic metastases or be involved in the tumour evasion of the
anti-VEGF treatment [35,36]. Many malignant tumours are characterised by high expression of PDGF
ligands and/or receptors, including OC and it is thought to be related to OC development and
progression [37]. Two targeted drugs, imatinib and sunitinib, are registered for clinical use in treatment
for leukaemia, GIST (gastrointestinal stromal tumours), renal and hepatocellular cancers [23] and
more recently, rapid development of targeted therapies against PDGF pathway in OC have been
investigated [38]. In a study by Madsen et al. [39], median PDGF-AA, PDGF-BB and FGF2 levels
were significantly elevated in patients with OC compared to borderline tumours, normal ovaries or
benign tumours. This study also reported an association between preoperative serum PDGF-AA and
PDGF-BB levels and FIGO stage and residual tumour after surgery in patients with OC indicating its
possible application as an indicator of radicality of cytoreductive surgery. Additionally, high serum
concentrations of PDGF-BB and FGF2 were also proved to have prognostic significance in patients
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with recurrent OC treated with bevacizumab [40]. Our results confirmed that PDGF expression is
elevated in OC patients (Tables 1 and 2) and can be useful in diagnosing this disease, especially as
a component of a multi-marker model.
In our analysis, FGF2 was overexpressed in OC group (Tables 1 and 2). FGF2 is a growth factor
with a strong pro-angiogenic function, affecting endothelial cell migration and proliferation [41].
Increased serum levels of FGF2 were found in multiple malignancies, including breast [11], pancreatic,
non-small cell lung and prostate cancers [41]. Our results are consistent with other studies that
reported elevated FGF2 serum concentrations in patients with epithelial OC [39,42] although the study
by Madsen et al. [39] investigating three angiogenesis markers from our panel (PDGF-AA, PDGF-BB,
FGF2) did not consider them useful for diagnostic purposes due to high degree of overlapping values
among different patient groups.
Consistently with our results, significantly higher preoperative HGF serum levels in OC patients
compared with benign and borderline ovarian tumours were also demonstrated in a study by
Aune et al. [43]. This study additionally showed a negative correlation between preoperative HGF
level and disease-free survival. The marker was also proved to enhance cell invasion [44] and stimulate
peritoneal implantation in OC [45].
The data regarding leptin expression in serum of OC patients is inconsistent. It is principally
a product of adipose tissue, nevertheless its expression was detected in other tissues including
cancer cells, where its involvement in carcinogenesis by paracrine and autocrine mechanisms was
described [46]. There are some studies reporting its increased levels, however the majority of authors
report decreased levels of leptin in OC compared to healthy individuals [15,46], as observed in our
study. Contradictory to those findings, elevated leptin levels stimulated OC cell migration and invasion
and were associated with poor prognosis in obese women [47].
What may seem surprising is the fact that two studied markers, sVEGFR-1 and sVEGFR-2,
did not show statistically significant differences in any of the analyses. An FDA (Food and Drug
Administration)-approved drug used in treatment of various cancers, bevacizumab, is a recombinant
humanized monoclonal antibody that specifically binds vascular endothelial growth factor (VEGF)
preventing receptor binding and inhibiting vessel formation. A significant increase in serum VEGF
levels in OC patients was shown in several studies [8,48] and VEGF overexpression has been associated
with metastasis formation and poor prognosis [48]. However, VEGF receptors are expressed principally
on the surface of endothelial cells of blood (VEGFR-1, VEGFR-2) and lymphatic vessels (VEGFR-3) [49]
and while VEGF was found to be elevated in serum, VEGFRs were demonstrated to be overexpressed
in OC tissue [50]. In a study by Spannuth et al., VEGFR-2 was overexpressed in 85% of human OC
specimens and VEGFR-1 in 15% [50]. This explains why in our study a correlation between serum
levels of VEGFR-1 and VEGFR-2 and OC was not observed although several targeted therapies against
VEGFRs underwent evaluation in randomised controlled trials showing promising results (an increase
in progression-free survival–PFS but no overall survival–OS improvement was seen in meta-analysis
of six randomised controlled trials) [51].
4. Methods
4.1. Patient Characteristics
The study was conducted in accordance with the Declaration of Helsinki and the protocol was
approved by the local Bioethical Commission of Poznan University of Medical Sciences, Poland
(Decision No. 165/16). A written consent for inclusion was obtained from all participants prior to
sample collection. Blood samples were collected from 172 patients operated in Gynecologic Oncology
Department on the day before the surgery between August 2014 and December 2015. Blood samples
were incubated for 30 min in room temperature for clotting, then centrifuged for 15 min at 4000 rpm.
Serum was isolated and stored at −80 ◦ C until analysis. Sixteen patients who met exclusion criteria
(any other malignancy currently or in anamnesis and ovarian malignancy other than epithelial OC)
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were disqualified and 156 patients were included in the final analysis. Based on the histopathological
result the patients were then divided into 4 groups: OC (38 patients), non-malignant ovarian tumours
(62 patients), no pathology of the ovaries (further referred to as “healthy controls”) (50 patients)
and borderline ovarian tumours (6 patients). Additionally, different types of OC were identified:
type I OC (7 OC patients and 6 borderline tumour patients) and type II OC (31 patients) according
to the clinicopathological classification proposed by Kurman et al. [5]. Study group characteristics
are presented in Tables 4 and 5. Borderline tumours are a heterogeneous group characterized by
atypical epithelial proliferation without stromal invasion. Although occasionally they give implants
in the omentum and peritoneum, they are considered a distinct clinical entity than ovarian cancer.
The usefulness of CA125 and HE4 in borderline tumour detection is unclear [52–54]. On the other
hand, borderline ovarian tumours share the staging system with invasive ovarian cancer and have
a significant risk of recurrence after conservative surgery. In patients with advanced-stage disease the
risk of progression to invasive disease is clinically significant. The rate of invasive recurrences reached
up to 6% in some reports [55] although the risk of malignant transformation is unclear. For those
reasons and because of the limited number of samples (n = 6) we decided to exclude borderline
tumours from the analyses comparing ovarian cancer against healthy controls and benign tumours.
However, taking into account the increasing evidence that the pathogenesis of borderline ovarian
tumours and low-grade serous carcinomas (type I OC) involves similar genes and pathways that are
distinct from those identified in high-grade serous carcinomas (type II OC) [5], we decided to include
borderline tumours in the type I OC group compared against type II OC group.
Table 4. Study group characteristics.
Patient Group

Number of
Samples (%)

Median Age
(Min–Max)

Median BMI
(Min–Max)

% of
Postmenopausal

OC
Type I
Type II

38 (24.36)
7 (4.49)
31 (19.87)

60 (32–78)

25.12 (18.55–38.37)

79

Borderline

6 (3.85)

48 (37–52)

27.26 (17.29–31.64)

33

Benign ovarian tumour

62 (39.74)

40.5 (17–72)

24.31 (17.85–39.89)

26

Healty controls

50 (32.05)

56 (19–73)

25.80 (18.96–40.06)

60

Table 5. Characteristics of OC (ovarian cancer) group.
Histopathological Type

Number of Samples

Percentage (%)

Serous
Endometrioid
Mucinous
Clear cell
Undifferentiated
Non identified

16
4
1
3
10
4

42.11
10.53
2.63
7.89
26.32
10.53

FIGO stage at diagnosis
I
II
III
IV

10
2
25
1

26.32
5.26
65.79
2.63

FIGO: International Federation of Gynaecology and Obstetrics.

CA125 and HE4 serum concentrations were quantitatively measured in patients with adnexal
masses by electrochemiluminescence immunoassay on Roche Cobas System (Roche Diagnostics,
Indianapolis, IN, USA) in the Central Hospital Laboratory according to the manufacturer’s instructions.
This analysis uses biotinylated and ruthenylated monoclonal antibodies against HE4 and CA125
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which form complex with streptavidin microparticules. In order to precisely control specificity of
the chemiluminescence reaction, it is induced by applying a voltage on a sample solution which
enables the detection of the reaction complex. The standard cut-off values are 35 U/mL for CA125 and
140 pmol/L for HE4, however for the purpose of this study optimal cut-off levels were identified.
4.2. Measurement of Angiogenesis Panel
Using 96-well-plate bead-based immunoassay (Bio-Plex Pro Human Cancer Biomarker Panel 1,
Bio-Rad, Hercules, CA, USA), quantification of serum concentrations of angiogenesis markers was
performed. The angiogenesis panel was composed of 16 markers: sEGFR, FGF-basic, follistatin, G-CSF,
HGF, sHER2/neu, sIL-6Rα, leptin, osteopontin, PECAM-1, PDGF-AB/BB, prolactin, SCF, sTIE-2,
sVEGFR-1 and sVEGFR-2. The analysis was performed according to the manufacturer’s instructions.
In brief, 50 µL of serum samples, standards and quality controls were added to wells containing the
antibody-coupled beads. After the incubation period and washing, detection antibody-biotin reporters
were added to each well and incubated. The last step was incubation of the beads with the fluorescent
conjugate streptavidin-phycoerythrin. The concentrations were measured using Bio-Plex array reader
(Bio-Plex MAGPIX, Bio-Rad, Hercules, CA, USA) based on flow cytometry. Data acquisition was
determined by the Bio-Plex Manager 6.0 software. Calibration and verification were performed
before the analysis. The standard curves were optimized automatically. The concentrations of
analyzed markers were expressed as picograms per milliliter (pg/mL) according to the standard
curves. Blanks containing only manufacturer’s diluents and high and low quality controls and were
analyzed in each assay in duplicate. Table 1 contains average levels and standard deviation (SD) of
studied markers in tested groups.
4.3. Data Analysis
Univariate data analysis including Shapiro-Wilk test, t-test and Mann-Whitney test were
performed using Statistica software (version 12.0; StatSoft Inc., Tulsa, OK, USA). Comparison between
studied groups were evaluated with t-test or Mann-Whitney test depending on the mode of distribution.
p-values < 0.05 were considered to be statistically significant. Data distribution was tested with
Shapiro-Wilk test. Univariate and multivariate receiver operating characteristic (ROC) curve and
Partial-Least Squares Discriminant Analysis (PLS-DA) were calculated by MetaboAnalyst 3.0 web
portal. For each analyte classical univariate (ROC) curve was evaluated to show graphical correlation
between specificity and sensitivity. Moreover, for selection and classification of the most relevant
features PLS-DA was applied. PLS-DA is a standard supervised chemometric analysis that uses
multiple linear regression model to provide linear relations between multivariate measurements.
Variable Importance in Projection (VIP) scores estimate the variable’s importance in the PLS-DA
model [56]. The higher the VIP score, the more important is the studied variable in the classification.
This method allowed us to select the most relevant angiogenesis factors in multimarker models.
Multivariate receiver operating characteristic (ROC) curve based on support vector machines (SVM)
was calculated for features with the highest discriminative ability. In order to make the data obtained
by different techniques (ECLIA or Bioplex) comparable, it was pre-processed using the scaling option
in Metaboanalyst web portal.
5. Conclusions
In this study, we investigated the diagnostic usefulness of 16 angiogenesis markers in patients
with epithelial OC. The application of a novel immunoassay technique allowed to assess the diagnostic
utility of a broad panel of substances involved in angiogenesis simultaneously. We confirmed that
osteopontin has a strong potential as a marker in non-invasive diagnostics of OC in both screening
and differential diagnosis of ovarian tumours. We identified other, less extensively investigated
angiogenesis markers that could be helpful in OC diagnosis and/or serve as therapeutic targets.
Furthermore, we showed that adding osteopontin to a panel of used biomarkers (CA125 and

Int. J. Mol. Sci. 2017, 18, 123

12 of 15

HE4) significantly improves differential diagnosis between malignant and benign ovarian tumours.
These findings clearly point at osteopontin as a promising target for further investigations. Obtained
values of sensitivity and specificity for investigated markers are insufficient for wide population
screening. However, panels involving those markers could be considered for non-invasive screening
in high-risk populations such as patients with strong familial history of breast/ovarian cancer and
with BRCA1 or BRCA2 (breast cancer gene 1 and 2, respectively) mutations where early and more
accurate OC detection would facilitate the determination of the optimal time for preventive surgery.
Our research can contribute to the improvement of OC diagnostic methods. Further and large-scale
studies are needed to definitively prove the usefulness of the studied markers in clinical practice.
Taking into account the growing interest in the angiogenesis process and promising preliminary results
of targeted antiangiogenic therapies, further research is warranted.
Acknowledgments: The project received support from the Polish National Science Centre (grant number:
2014/15/B/NZ7/00964). The funders did not participate in the study design, data collection and analysis,
decision to publish and manuscript preparation.
Author Contributions: Agnieszka Horala and Agata Swiatly contributed equally to this work as first
authors; Agata Swiatly, Agnieszka Horala, Ewa Nowak-Markwitz and Zenon J. Kokot designed research;
Agnieszka Horala, Paulina Banach and Ewa Nowak-Markwitz contributed important samples; Agata Swiatly
and Jan Matysiak performed research; Agata Swiatly, Agnieszka Horala and Paulina Banach collected
data; Agata Swiatly, Agnieszka Horala and Jan Matysiak analyzed data; Agata Swiatly, Agnieszka Horala,
Jan Matysiak, Ewa Nowak-Markwitz and Zenon J. Kokot wrote paper; All authors have read and approved the
submitted manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.

3.
4.

5.
6.

7.

8.

9.
10.

Ferlay, J.; Shin, H.; Bray, F.; Forman, D.; Mathers, C.; Parkin, D. GLOBOCAN 2008 v2.0, Cancer Incidence and
Mortality Worldwide: IARC CancerBase No. 10. Available online: https://www.iarc.fr/en/media-centre/
iarcnews/2010/globocan2008.php (accessed on 1 September 2016).
Heintz, A.P.M.; Odicino, F.; Maisonneuve, P.; Quinn, M.A.; Benedet, J.L.; Creasman, W.T.; Ngan, H.Y. S.;
Pecorelli, S.; Beller, U. Carcinoma of the ovary. FIGO 26th Annual Report on the Results of Treatment in
Gynecological Cancer. Int. J. Gynaecol. Obstet. 2006, 95, 161–192. [CrossRef]
Doubeni, C.A.; Doubeni, A.R.; Myers, A.E. Diagnosis and Management of Ovarian Cancer. Am. Fam. Physician
2016, 93, 937–944. [PubMed]
Enakpene, C.A.; Omigbodun, A.O.; Goecke, T.W.; Odukogbe, A.-T.; Beckmann, M.W. Preoperative evaluation
and triage of women with suspicious adnexal masses using risk of malignancy index. J. Obstet. Gynaecol. Res.
2009, 35, 131–138. [CrossRef] [PubMed]
Kurman, R.J.; Shih, I.-M. The Origin and Pathogenesis of Epithelial Ovarian Cancer: A Proposed Unifying
Theory. Am. J. Surg. Pathol. 2010, 34, 433–443. [CrossRef] [PubMed]
Stephenson, J.A.; Goddard, J.C.; Al-Taan, O.; Dennison, A.R.; Morgan, B.; Stephenson, J.A.; Goddard, J.C.;
Al-Taan, O.; Dennison, A.R.; Morgan, B. Tumour Angiogenesis: A Growth Area—From John Hunter to
Judah Folkman and Beyond. J. Cancer Res. 2013, 2013, 1–6. [CrossRef]
Rahbari, N.N.; Schmidt, T.; Falk, C.S.; Hinz, U.; Herber, M.; Bork, U.; Büchler, M.W.; Weitz, J.; Koch, M.;
Jemal, A.; et al. Expression and prognostic value of circulating angiogenic cytokines in pancreatic cancer.
BMC Cancer 2011, 11, 286. [CrossRef] [PubMed]
Lawicki, S.; B˛edkowska, G.E.; Gacuta-Szumarska, E.; Szmitkowski, M. The plasma concentration of VEGF,
HE4 and CA125 as a new biomarkers panel in different stages and sub-types of epithelial ovarian tumors.
J. Ovarian Res. 2013, 6, 45. [CrossRef] [PubMed]
Li, D.; Chiu, H.; Gupta, V.; Chan, D.W. Validation of a multiplex immunoassay for serum angiogenic factors
as biomarkers for aggressive prostate cancer. Clin. Chim. Acta 2012, 413, 1506–1511. [CrossRef] [PubMed]
Mousa, L.; Salem, M.E.; Mikhail, S. Biomarkers of Angiogenesis in Colorectal Cancer. Biomark. Cancer 2015,
7, 13–19. [PubMed]

Int. J. Mol. Sci. 2017, 18, 123

11.

12.

13.
14.

15.

16.
17.

18.

19.

20.

21.

22.
23.

24.

25.

26.
27.

28.
29.

13 of 15

Rykala, J.; Przybylowska, K.; Majsterek, I.; Pasz-Walczak, G.; Sygut, A.; Dziki, A.; Kruk-Jeromin, J.
Angiogenesis markers quantification in breast cancer and their correlation with clinicopathological
prognostic variables. Pathol. Oncol. Res. 2011, 17, 809–817. [CrossRef] [PubMed]
Bremnes, R.M.; Camps, C.; Sirera, R. Angiogenesis in non-small cell lung cancer: The prognostic impact of
neoangiogenesis and the cytokines VEGF and bFGF in tumours and blood. Lung Cancer 2006, 51, 143–158.
[CrossRef] [PubMed]
Avastin (Bevacizumab) Official Patient & Caregiver Website. Available online: http://www.avastin.com/
patient (accessed on 1 September 2016).
Kodera, Y.; Katanasaka, Y.; Kitamura, Y.; Tsuda, H.; Nishio, K.; Tamura, T.; Koizumi, F. Sunitinib inhibits
lymphatic endothelial cell functions and lymph node metastasis in a breast cancer model through inhibition
of vascular endothelial growth factor receptor 3. Breast Cancer Res. 2011, 13, R66. [CrossRef] [PubMed]
Mor, G.; Visintin, I.; Lai, Y.; Zhao, H.; Schwartz, P.; Rutherford, T.; Yue, L.; Bray-Ward, P.; Ward, D.C. Serum
protein markers for early detection of ovarian cancer. Proc. Natl. Acad. Sci. USA 2005, 102, 7677–7682.
[CrossRef] [PubMed]
Wei, S.U.; Li, H.; Zhang, B. The diagnostic value of serum HE4 and CA-125 and ROMA index in ovarian
cancer. Biomed. Rep. 2016, 5, 41–44. [CrossRef] [PubMed]
Yang, J.; Sa, M.; Huang, M.; Yang, J.; Xiang, Z.; Liu, B.; Tang, A. The reference intervals for HE4, CA125 and
ROMA in healthy female with electrochemiluminescence immunoassay. Clin. Biochem. 2013, 46, 1705–1708.
[CrossRef] [PubMed]
Murphy, M.; Stordal, B. Erlotinib or gefitinib for the treatment of relapsed platinum pretreated non-small
cell lung cancer and ovarian cancer: A systematic review. Drug Resist. Update 2011, 14, 177–190. [CrossRef]
[PubMed]
Secord, A.A.; Blessing, J.A.; Armstrong, D.K.; Rodgers, W.H.; Miner, Z.; Barnes, M.N.; Lewandowski, G.;
Mannel, R.S. Gynecologic Oncology Group Phase II trial of cetuximab and carboplatin in relapsed
platinum-sensitive ovarian cancer and evaluation of epidermal growth factor receptor expression:
A Gynecologic Oncology Group study. Gynecol. Oncol. 2008, 108, 493–499. [CrossRef] [PubMed]
Ray-Coquard, I.; Guastalla, J.P.; Allouache, D.; Combe, M.; Weber, B.; Cretin, J.; Curé, H.; Nunhuck, S.;
Paraiso, D.; Mousseau, M.; et al. HER2 Overexpression/Amplification and Trastuzumab Treatment in
Advanced Ovarian Cancer: A GINECO Phase II Study. Clin. Ovarian Cancer 2008, 1, 54–59. [CrossRef]
Martin, L.P.; Sill, M.; Shahin, M.S.; Powell, M.; di Silvestro, P.; Landrum, L.M.; Gaillard, S.L.; Goodheart, M.J.;
Hoffman, J.; Schilder, R.J. A phase II evaluation of AMG 102 (rilotumumab) in the treatment of persistent
or recurrent epithelial ovarian, fallopian tube or primary peritoneal carcinoma: A Gynecologic Oncology
Group study. Gynecol. Oncol. 2014, 132, 526–530. [CrossRef] [PubMed]
Ivy, S.P.; Wick, J.Y.; Kaufman, B.M. An overview of small-molecule inhibitors of VEGFR signaling. Nat. Rev.
Clin. Oncol. 2009, 6, 569–579. [CrossRef] [PubMed]
Choi, H.-J.; Armaiz Pena, G.N.; Pradeep, S.; Cho, M.S.; Coleman, R.L.; Sood, A.K. Anti-vascular therapies in
ovarian cancer: Moving beyond anti-VEGF approaches. Cancer Metastasis Rev. 2015, 34, 19–40. [CrossRef]
[PubMed]
Yasuda, A.; Sawai, H.; Takahashi, H.; Ochi, N.; Matsuo, Y.; Funahashi, H.; Sato, M.; Okada, Y.; Takeyama, H.;
Manabe, T. The stem cell factor/c-kit receptor pathway enhances proliferation and invasion of pancreatic
cancer cells. Mol. Cancer 2006, 5, 46. [CrossRef] [PubMed]
Dai, J.; Peng, L.; Fan, K.; Wang, H.; Wei, R.; Ji, G.; Cai, J.; Lu, B.; Li, B.; Zhang, D.; et al. Osteopontin induces
angiogenesis through activation of PI3K/AKT and ERK1/2 in endothelial cells. Oncogene 2009, 28, 3412–3422.
[CrossRef] [PubMed]
Weber, G.F.; Lett, G.S.; Haubein, N.C. Categorical meta-analysis of Osteopontin as a clinical cancer marker.
Oncol. Rep. 2011, 25, 433–441. [CrossRef] [PubMed]
Tilli, T.M.; Franco, V.F.; Robbs, B.K.; Wanderley, J.L.M.; da Silva, F.R.A.; de Mello, K.D.; Viola, J.P.B.;
Weber, G.F.; Gimba, E.R. Osteopontin-c splicing isoform contributes to ovarian cancer progression.
Mol. Cancer Res. 2011, 9, 280–293. [CrossRef] [PubMed]
Bao, L.H.; Sakaguchi, H.; Fujimoto, J.; Tamaya, T. Osteopontin in metastatic lesions as a prognostic marker in
ovarian cancers. J. Biomed. Sci. 2007, 14, 373–381. [CrossRef] [PubMed]
Wang, Y.-D.; Chen, H.; Liu, H.-Q.; Hao, M. Correlation between ovarian neoplasm and serum levels of
osteopontin: a meta-analysis. Tumour Biol. 2014, 35, 11799–11808. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2017, 18, 123

30.

31.
32.
33.

34.
35.

36.
37.

38.
39.

40.

41.
42.

43.

44.
45.

46.

47.

48.

14 of 15

Hu, Z.-D.; Wei, T.-T.; Yang, M.; Ma, N.; Tang, Q.-Q.; Qin, B.-D.; Fu, H.-T.; Zhong, R.-Q. Diagnostic value
of osteopontin in ovarian cancer: A meta-analysis and systematic review. PLoS ONE 2015, 10, 0126444.
[CrossRef] [PubMed]
Lan, Z.; Fu, D.; Yu, X.; Xi, M. Diagnostic values of osteopontin combined with CA125 for ovarian cancer:
A meta-analysis. Fam. Cancer 2016, 15, 221–230. [CrossRef] [PubMed]
Welt, C.K.; Lambert-Messerlian, G.; Zheng, W.; Crowley, W.F.; Schneyer, A.L. Presence of activin, inhibin, and
follistatin in epithelial ovarian carcinoma. J. Clin. Endocrinol. Metab. 1997, 82, 3720–3727. [CrossRef] [PubMed]
Florio, P.; Reis, F.M.; Torres, P.B.; Calonaci, F.; Abrao, M.S.; Nascimento, L.L.; Franchini, M.; Cianferoni, L.;
Petraglia, F. High serum follistatin levels in women with ovarian endometriosis. Hum. Reprod. 2009, 24,
2600–2666. [CrossRef]
Ren, P.; Chen, F.-F.; Liu, H.-Y.; Cui, X.-L.; Sun, Y.; Guan, J.-L.; Liu, Z.-H.; Liu, J.-G.; Wang, Y.-N. High serum
levels of follistatin in patients with ovarian cancer. J. Int. Med. Res. 2012, 40, 877–886. [CrossRef] [PubMed]
Cao, R.; Björndahl, M.A.; Religa, P.; Clasper, S.; Garvin, S.; Galter, D.; Meister, B.; Ikomi, F.; Tritsaris, K.;
Dissing, S.; et al. PDGF-BB induces intratumoral lymphangiogenesis and promotes lymphatic metastasis.
Cancer Cell 2004, 6, 333–345. [CrossRef] [PubMed]
Abdollahi, A.; Folkman, J. Evading tumor evasion: current concepts and perspectives of anti-angiogenic
cancer therapy. Drug Resist. Update 2010, 13, 16–28. [CrossRef] [PubMed]
Matei, D.; Emerson, R.E.; Lai, Y.-C.; Baldridge, L.A.; Rao, J.; Yiannoutsos, C.; Donner, D.D. Autocrine
activation of PDGFRalpha promotes the progression of ovarian cancer. Oncogene 2006, 25, 2060–2069.
[CrossRef] [PubMed]
Burger, R.A. Overview of anti-angiogenic agents in development for ovarian cancer. Gynecol. Oncol. 2011,
121, 230–238. [CrossRef] [PubMed]
Madsen, C.V.; Steffensen, K.D.; Olsen, D.A.; Waldstrøm, M.; Søgaard, C.H.; Brandslund, I.; Jakobsen, A.
Serum platelet-derived growth factor and fibroblast growth factor in patients with benign and malignant
ovarian tumors. Anticancer Res. 2012, 32, 3817–3825. [PubMed]
Madsen, C.; Steffensen, K.; Olsen, D.; Waldstrøm, M.; Smerdel, M.; Adimi, P.; Brandslund, I.; Jakobsen, A.;
Folkman, J.; Ferrara, N.; et al. Serial measurements of serum PDGF-AA, PDGF-BB, FGF2, and VEGF in
multiresistant ovarian cancer patients treated with bevacizumab. J. Ovarian Res. 2012, 5, 23. [CrossRef]
[PubMed]
Korc, M.; Friesel, R.E. The role of fibroblast growth factors in tumor growth. Curr. Cancer Drug Targets 2009,
9, 639–651. [CrossRef] [PubMed]
Le Page, C.; Ouellet, V.; Madore, J.; Hudson, T.J.; Tonin, P.N.; Provencher, D.M.; Mes-Masson, A.-M. From
gene profiling to diagnostic markers: IL-18 and FGF-2 complement CA125 as serum-based markers in
epithelial ovarian cancer. Int. J. Cancer 2006, 118, 1750–1758. [CrossRef] [PubMed]
Aune, G.; Lian, A.-M.; Tingulstad, S.; Torp, S.H.; Forsmo, S.; Reseland, J.E.; Stunes, A.K.; Syversen, U.
Increased circulating hepatocyte growth factor (HGF): A marker of epithelial ovarian cancer and an indicator
of poor prognosis. Gynecol. Oncol. 2011, 121, 402–406. [CrossRef] [PubMed]
Wei, W.; Kong, B.; Yang, Q.; Qu, X. Hepatocyte growth factor enhances ovarian cancer cell invasion through
down-regulation of thrombospondin-1. Cancer Biol. Ther. 2010, 9, 79–87. [CrossRef] [PubMed]
Nakamura, M.; Ono, Y.J.; Kanemura, M.; Tanaka, T.; Hayashi, M.; Terai, Y.; Ohmichi, M. Hepatocyte growth
factor secreted by ovarian cancer cells stimulates peritoneal implantation via the mesothelial-mesenchymal
transition of the peritoneum. Gynecol. Oncol. 2015, 139, 345–354. [CrossRef] [PubMed]
Grabowski, J.P.; Markowska, A.; Markowska, J. Evaluation of leptin serum concentrations during surgery
and first-line chemotherapy in primary epithelial ovarian cancer patients. Contemp. Oncol. 2014, 18, 318–322.
[CrossRef] [PubMed]
Kato, S.; Abarzua-Catalan, L.; Trigo, C.; Delpiano, A.; Sanhueza, C.; García, K.; Ibañez, C.; Hormazábal, K.;
Diaz, D.; Brañes, J.; et al. Leptin stimulates migration and invasion and maintains cancer stem-like properties
in ovarian cancer cells: An explanation for poor outcomes in obese women. Oncotarget 2015, 6, 21100–21119.
[CrossRef] [PubMed]
Yamamoto, S.; Konishi, I.; Mandai, M.; Kuroda, H.; Komatsu, T.; Nanbu, K.; Sakahara, H.; Mori, T.
Expression of vascular endothelial growth factor (VEGF) in epithelial ovarian neoplasms: Correlation
with clinicopathology and patient survival, and analysis of serum VEGF levels. Br. J. Cancer 1997, 76,
1221–1227. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2017, 18, 123

49.
50.

51.
52.

53.

54.

55.

56.

15 of 15

Bednarek, W. Markers and modulators of angiogenesis in ovarian cancer. Ginekol. Pol. 2007, 1, 754–763.
Spannuth, W.A.; Nick, A.M.; Jennings, N.B.; Armaiz-Pena, G.N.; Mangala, L.S.; Danes, C.G.; Lin, Y.G.;
Merritt, W.M.; Thaker, P.H.; Kamat, A.A.; et al. Functional significance of VEGFR-2 on ovarian cancer cells.
Int. J. Cancer 2009, 124, 1045–1053. [CrossRef] [PubMed]
Li, X.; Zhu, S.; Hong, C.; Cai, H. Angiogenesis inhibitors for patients with ovarian cancer: A meta-analysis of
12 randomized controlled trials. Curr. Med. Res. Opin. 2016, 32, 555–562. [CrossRef] [PubMed]
Kotowicz, B.; Fuksiewicz, M.; Sobiczewski, P.; Spiewankiewicz, B.; Jonska-Gmyrek, J.; Skrzypczak, M.;
Kowalska, M. Clinical value of human epididymis protein 4 and the risk of ovarian malignancy algorithm in
differentiating borderline pelvic tumors from epithelial ovarian cancer in early stages. Eur. J. Obstet. Gynecol.
Reprod. Biol. 2015, 194, 141–146. [CrossRef] [PubMed]
Fotopoulou, C.; Sehouli, J.; Ewald-Riegler, N.; de Gregorio, N.; Reuss, A.; Richter, R.; Mahner, S.; Kommoss, F.;
Schmalfeldt, B.; Fehm, T.; et al. The Value of Serum CA125 in the Diagnosis of Borderline Tumors of the
Ovary. Int. J. Gynecol. Cancer 2015, 25, 1248–1252. [CrossRef] [PubMed]
Ochiai, K.; Shinozaki, H.; Takada, A. A retrospective study of 1069 epithelial borderline malignancies of the
ovary treated in Japan. In Proceedings of the Annual Meeting of the American Society of Clinical Oncology,
Los Angeles, CA, USA, 16–19 May 1998; p. 17:A1429.
Darai, E.; Fauvet, R.; Uzan, C.; Gouy, S.; Duvillard, P.; Morice, P. Fertility and borderline ovarian
tumor: A systematic review of conservative management, risk of recurrence and alternative options.
Hum. Reprod. Update 2013, 19, 151–166. [CrossRef] [PubMed]
Palermo, G.; Piraino, P.; Zucht, H.-D. Performance of PLS regression coefficients in selecting variables
for each response of a multivariate PLS for omics-type data. Adv. Appl. Bioinform. Chem. 2009, 2, 57–70.
[CrossRef] [PubMed]
© 2017 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

