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Background. Osteopontin (sOPN) is a promising blood tumour marker for detecting epithelial ovarian cancer (EOC). 
However, other clinical uses of sOPN as a tumour marker in EOC are still lacking. Since sOPN concentrations in serum 
are not associated with those in ascites, we compared clinical value of sOPN concentrations in the two body fluids. 
Patients and methods. The study included 31 women with advanced EOC and 34 women with benign gynaeco-
logical pathology. In the EOC group, serum for sOPN analysis was obtained preoperatively, after primary debulking 
surgery and after chemotherapy. In the control group, serum was obtained before and after surgery. Ascites and 
peritoneal fluid were obtained during surgery. sOPN concentrations were determined by flow cytometry bead-based 
assay.
Results. The sensitivity and specificity of sOPN in detecting EOC was 91.2% and 90.3% (cut-off = 47.4 ng/ml) in serum, 
and 96.8% and 100% (cut-off = 529.5 ng/ml) in ascites. Kaplan-Meier analysis showed a significant association be-
tween higher serum sOPN concentration and overall survival (p = 0.018) or progression free survival (p = 0.008). Higher 
ascites sOPN concentrations were associated with suboptimally debulked tumour and unresectable disease. Higher 
serum sOPN concentrations were associated with refractory disease or incomplete response to platinum-based 
chemotherapy. 
Conclusions. The study showed that ascites sOPN level mirrors present disease and is superior to serum level for di-
agnostic purposes and surgical planning, although the end result of treatment is the response of the whole body in 
fighting the disease. The preoperative sOPN concentration in serum thus better reflects disease outcome. 
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Introduction

Osteopontin (OPN) is an important signalling 
agent in the development and progression of can-
cers.1-4 As a soluble protein, sOPN is one of the 
promising blood tumour markers for detecting epi-
thelial ovarian cancer (EOC).5-8 However, practical 
clinical use of sOPN as a tumour marker in EOC 
awaits further evaluation. 

Although there are encouraging reports on sO-
PN as a serum tumour marker for detecting pri-
mary and recurrent EOC 5,9-12, we have not found 
any published report on the prognostic value of 
preoperative serum sOPN level in EOC. It has been 
reported that increased expression of OPN in peri-
toneal metastatic lesion of EOC is associated with 
poor survival.13 Additionally, we found that detect-
ing the preoperative serum sOPN level is helpful 
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in assessing the prognosis of other cancer patients 
(e.g., breast, neck, gastric).1,14 It would therefore be 
worth also exploring the prognostic value of pre-
operative serum sOPN level in EOC patients.

Another attribute of a tumour marker is to help 
in selecting the best treatment for cancer patients. 
Treatment for advanced EOC patients consists of 
cytoreductive surgery and platinum-based chem-
otherapy.15-17 Because of the significant survival 
benefit associated with successful cytoreductive 
surgery for advanced-stage EOC and the lack of 
benefit associated with an incomplete resection, at-
tention has been directed toward developing pre-
operative models to predict surgical outcome. In 
addition to radiographic images, extent of ascites 
and gene expression, some of these models in-
corporate serum tumour marker levels, primarily 
cancer antigen 125 (CA125) as approved standard 
tumour marker in EOC.18,19 Since OPN expression 
in metastasis is significantly increased compared 
to the primary tumour13, including OPN in such a 
model may improve the accuracy of determining 
the extent of intra-abdominal disease for surgical 
planning. The clinical usefulness of pre-treatment 
sOPN levels for predicting the response to chemo-
therapy is another field for further evaluation. A 
faster response to chemotherapy is an independent 
predictor of survival for patients with advanced 
EOC, regardless of debulking status.20

The results of our previous published study 
showed that the increase of sOPN baseline concen-
tration in EOC patients in comparison to patients 
with non-malignant gynaecological pathology was 
much higher for local fluid (27-fold) ascites vs peri-
toneal fluid  taken from the cavum Douglasi than 
for serum (3-fold).21 It is therefore worth discover-
ing whether determination of sOPN concentrations 
in ascites gives additional or more accurate infor-
mation about the disease than the determination 
of serum sOPN concentration alone. In addition to 
the sOPN retention tendency in local fluid, which 
is potentiated in malignant compared to benign 
conditions, we found that sOPN concentrations in 
serum were not associated with concentrations in 
ascites or peritoneal fluid.21 It would thus be rea-
sonable to set separate control values of this marker 
in the blood and in the local fluid. Determination of 
sOPN concentrations in local fluid may be useful in 
combination with cytology in order to obtain more 
accurate results, especially in the classification of 
early stage disease.

Since OPN plays a significant role in carcino-
genesis, the objective of our study was further to 

evaluate the clinical usefulness of sOPN as a tu-
mour marker in advanced EOC patients. The main 
aim of this study was to elucidate the prognostic 
value of preoperative serum and ascites sOPN lev-
els. Furthermore, the usefulness of determining 
preoperative sOPN levels for surgical planning 
purposes and response to standard chemotherapy 
were investigated. To this end, we determined the 
kinetic pattern of sOPN serum concentrations after 
primary surgery and chemotherapy. Additionally, 
we examined the relationship of sOPN concentra-
tions with various clinicopathological variables. 
Since sOPN concentrations in serum are not associ-
ated with concentrations in ascites, we compared 
the clinical usefulness of sOPN as a tumour marker 
in both body fluids of EOC patients.

Patients and methods
Patients 

The study included 31 patients with advanced EOC 
[FIGO III-IV] and 34 patients with benign gynae-
cological pathology as a control group, who were 
operated between December 2011 and December 
2013 at the Department of Gynaecology, University 
Medical Centre Ljubljana. Family, general, gynae-
cological and obstetric history, indication for sur-
gery, other relevant diseases and current therapy 
were collected from medical records. Early-stage 
(FIGO I, II) and absence of ascites were exclusion 
criteria for enrolling patients with ovarian malig-
nancy. The control group enrolled patients with 
common non-malignant gynaecological indica-
tions for surgery (e.g., benign ovarian cyst, uterine 
myoma). Patients with malignancies and elevated 
standard tumour marker CA125 were excluded 
from the control group. The purpose of the study 
was explained to all patients and written informed 
consent was obtained prior to enrolment. The study 
was approved by the Commission of the Republic 
of Slovenia for Medical Ethics (No. 82/01/11) and in 
accordance with the Helsinki Declaration. 

All EOC patients were intended for primary de-
bulking surgery (PDS), but resectability was evalu-
ated through imaging methods and diagnostic lap-
aroscopy performed by an experienced oncologic 
surgeon. A patient was considered a candidate for 
neoadjuvant chemotherapy (NACT) in the case of 
wide spread of the disease in the abdominal and 
pelvic cavity (unresectable massive peritoneal in-
volvement, widespread infiltrating carcinomatosis 
of diaphragm, mesenteral retraction, miliary car-
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cinomatosis of the bowel, liver and stomach me-
tastases). On the basis of these criteria, 13 patients 
underwent PDS and 18 patients underwent NACT, 
and 10 of the patients in the latter group also un-
derwent interval debulking surgery (IDS). The 
extent of residual disease after debulking surgery 
was based on the diameter of the single largest le-
sion.  Complete response to chemotherapy was de-
fined by a normal serum CA125 level. The applied 
cut-off value for CA125 was 35 U/ml. A partial re-
sponse was defined by a decrease of at least 50% 
in CA125 level. Patients with a smaller decrease or 
any increase in CA125 during chemotherapy were 
defined as non-responders. All available dimen-
sions of the ovarian tumour were measured using 
imaging methods and, in the case of PDS, from the 
pathology report. All patients were followed to 
disease recurrence or death. Overall survival (OS) 
was measured from diagnosis until death from any 
cause. Progression-free survival (PFS) was defined 
as the time from diagnosis to first tumour recur-
rence.

Collection and storage of samples

In the OC group, venous blood samples for de-
termination of sOPN concentrations were ob-
tained preoperatively, one week after PDS, and 
3-6 months after the last cycle of chemotherapy. 
In the control group, venous blood samples were 
obtained prior to surgery, and 3-6 months after 
surgery, when the patients were healthy and non-
pregnant. Four ml of peripheral blood was col-
lected into a vacutainer, without anticoagulant or 
other additives. Serum was separated by centrifu-
gation at 2000 x g for 15 minutes at 4 oC. In both 
groups of patients, blood for analysis of standard 
tumour marker CA125 was collected at the same 
time as for sOPN analysis. Additionally, in the 
group of EOC patients, blood for CA125 measure-
ment was obtained after each cycle of chemother-
apy. Samples of ascites from patients with EOC 
were aspirated immediately after entry to the ab-
dominal cavity, using a 50 ml syringe. In controls, 
samples of peritoneal fluid were collected during 
laparoscopy using a standard sampling protocol 
as previously described.22 Samples of local fluids 
were transferred into a tube, which was kept on ice 
until centrifugation at 1000 x g for 10 min at 4 oC 
within 30 minutes. Sera and supernatants of ascites 
and peritoneal fluid were stored in aliquots at -80 
oC. Samples of serum, ascites and peritoneal fluid 
for total protein measurement were obtained at the 

same time, and prepared and stored in the same 
manner as for sOPN analysis.

Analysis of sOPN and total proteins

Concentrations of sOPN were measured using a 
FlowCytomix Simplex Kit (eBioscience, Vienna). 
The kit consisted of fluorescent microspheres with 
an emission wavelength of 700 nm. Microspheres 
were coated with specific antibodies raised against 
each of the analytes. They also contained a biotin-
conjugated second antibody and streptavidin-phy-
coerythrin emitting at 575 nm. Samples were run on 
a Cell Lab QuantaTM SC-MPL (Beckman Coulter). 
Samples were acquired by Cell Lab QuantaTM SC-
MPL software (Beckman Coulter) and analysed us-
ing FlowCytomixTM Pro 3.0 software (eBioscience). 
Total protein concentration was determined using 
the Bradford method.

Statistical analysis 

The prognostic value of sOPN concentration was 
examined in terms of OS and PFS, using the 50th 
percentile (median value) as the optimal cut-off. 
Surviving patients were censored at the date of 
last contact. Survival curves were generated us-
ing Kaplan-Meier, and the difference between the 
curves was analyzed by the Breslow test. Receiver 
operating characteristic (ROC) curve analysis was 
used to find the cut-off level of sOPN with opti-
mal sensitivity and specificity. Cut-off values were 
calculated by Youden’s index (as a criterion for se-
lecting the optimum cut-off point). The areas under 
the ROC curve (AUCs) were calculated to evalu-
ate diagnostic accuracy and to compare AUCs 
between sOPN in serum and in ascites. Pearson’s 
and Spearman’s correlation coefficients were used 
to calculate the direction and strength of the rela-
tionship between variables, as required in terms of 
the normality of variables. Data were compared by 
independent samples t-test. A p-value of < 0.05 was 
considered significant. All data are presented as 
mean ± standard error of mean (SEM). Statistical 
analysis was performed using software statistical 
package SPSS, version 19 (IBM Statistics, USA). 

Results 

The clinical characteristics of the investigated EOC 
and control patients are summarized in Table 1 and 
2, respectively. 
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Diagnostic value of sOPN

The mean concentrations of sOPN in serum (88.92 
± 8.28 ng/ml) and ascites (3525 ± 475.1 ng/ml) were 
both significantly higher in EOC patients than 
in serum of patients in the control group (28.12 
± 2.15 ng/ml) and the peritoneal fluid (132.0 ± 
7.85 ng/ml) of patients in the control group (p < 
0.001). To identify the diagnostic power of sOPN in 

serum and ascites, sensitivity and specificity were 
calculated at various cut-off points of sOPN level. 
The optimum cut-off value in the diagnosis of EOC 
was found to be 47.4 ng/ml for serum sOPN and 
529.5 ng/ml for ascites sOPN. The sensitivity and 
specificity of these cut-off levels were lower for 
serum sOPN (91.2% and 90.3%; Figure 1A) than 
for ascites sOPN (96.8% and 100%; Figure 1B). 
The AUC for sOPN in serum (Figure 1A) and in 
ascites (Figure 1B) were 0.964 (95% CI: 0.926 – 
1.00) and 0.998 (95% CI: 0.993 - 1.00), respectively. 
Preoperative concentrations of sOPN in serum and 
ascites were not correlated with concentrations of 
standard tumour marker CA125 in serum (serum: r 
= -0.117, p = 0.530; ascites: r = 0.083, p = 0.658).

Prognostic value of sOPN 

Patients were followed to disease recurrence and 
death. Survival status was updated in June 2016. 
The median follow-up was 34 months (range 0.7 - 
59.2 months). During this time, 26 patients (83.8%) 
had developed documented disease progression 
and 20 (64.5%) had died. 

Based on sOPN median serum concentration, 
patients were divided into 2 groups:  group 1 = 
sOPN ≤ 75.39 ng/ml (n = 16) and group 2 = sOPN 

TABLE 1. Comparison between ovarian cancer patients’ characteristics who 
underwent primary debulking surgery and those considered candidates for 
neoadjuvant chemotherapy (= diagnostic laparoscopy as primary event)

Parameters
Data

Primary event: 
Debulking surgery

Primary event: 
Diagnostic laparoscopy

Number of patients 13 18

Age (years, value ± SEM) 57.61 ± 3.27 62 ± 2.45

Age range (years) 41-76 45-85

Elevated CA125 (U/mL)

n (%) 13 (100 %) 18 (100 %)

Value (mean ± SEM) 3936 ± 1568 3904 ± 1972

sOPN (ng/mL)

Serum (mean ± SEM) 70.48 ± 9.95 102 ± 11.53

Ascites (mean ± SEM) 2154 ± 479.7 4515 ± 657.3

Histological type, n (%)

Serous 10 (77 %) 17 (94 %)

Endometrioid 2 (15 %) 1 (6 %)

Serous + clear cell 1 (8 %) 0 (0 %)

FIGO stage, n (%)

IIIB 1 (8 %) 0 (0 %)

IIIC 11 (84 %) 11 (61 %)

IV 1 (8 %) 7 (39 %)

Histological grade, n (%)

G1 0 (0 %) 2 (11 %)

G2 5 (38 %) 7 (39 %)

G3 8 (62 %) 9 (50 %)

Ascites (mL)   

Volume (mean ± SEM) 1779 ± 728.4 3916 ± 614.7

Resection, n (%) *

R0 5 (38 %) 9 (50 %)

R1 5 (38 %) 1 (6 %)

R2 3 (24 %) 0 (0 %)

Unresectable 0 (0 %) 8 (44 %)

* Results of interval debulking surgery. 

CA125 = cancer antigen 125; FIGO = International Federation of Gynecology and Obstetrics;.G = 
gradus; R0 = no macroscopic residual disease; R1 = < 1 cm residual disease; R2 = > 1 cm residual 
disease; SEM = standard error of the mean; sOPN = soluble osteopontin

TABLE 2. Characteristics of control patients

Parameters
Data

Control group

Number of patients 34

Age (years, value ± SEM) 41.97 ± 1.68

Age range (years) 21-69

Elevated CA125 (U/mL)

n (%) 0

Value (mean ± SEM) NA

sOPN (ng/mL)

Serum (mean ± SEM) 28.12 ± 2.10

Peritoneal fluid (mean ± SEM) 132.02 ± 7.85

Benign diagnosis, n (%)

Benign ovarian cyst 6 (17 %)

Myoma of uterus 21 (62 %)

Pelvic pain, sterilisation 5 (15 %)

Preventive adnexectomy 2 (6 %)

Peritoneal fluid (mL) 

Volume (mean ± SEM) 8.04 ± 1.22

CA125 = cancer antigen 125; SEM = standard error of the mean; 
sOPN - = soluble osteopontin
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> 75.39 ng/ml (n = 15). The OS curves of sOPN se-
rum groups differed significantly (p = 0.018). The 
estimate median OS was 40.2 months for patients 
in group 1 and 14.3 months for patients in group 
2 (Figure 2A). In addition, PFS curves of sOPN se-
rum groups differed significantly (p = 0.008). The 
estimate median PFS was 17.7 months for patients 
in group 1 and 12.1 months for patients in group 2 
(Figure 3A).

Based on sOPN median ascites concentration, 
patients were divided into 2 groups: group 1 = 
sOPN ≤ 2729 ng/ml (n = 16) and group 2 = sOPN > 
2729 ng/ml (n = 15). The estimated median OS was 
longer (40.2 months) for patients in group 1 than 
for patients in group 2 (11.5 months). However, 
the OS curves of sOPN ascites groups did not dif-
fer significantly (p = 0.051) (Figure 2B). PFS curves 
of sOPN ascites groups were also not significantly 
different (p = 0.109). The estimated median PFS was 
16 months for patients in group 1 and 6.5 months 
for patients in group 2 (Figure 3B). 

Furthermore, we evaluated the prognosis of 
patients with sOPN levels in ascites and/or serum 
below the diagnostic cut-off value. Patients with 
an sOPN concentration in ascites below the cut-off 
value had no relapse during the follow-up period 
of 43.3 months. Two out of three patients with an 
sOPN concentration in serum below the cut-off 
value also had no relapse during follow-up periods 
of 43.3 and 56.1 months. The third patient with se-
rum below the cut-off value had progression while 
receiving the last line of platinum dose. However, 
this patient had the highest ascites to serum ratio 
in the study group (205-fold). The mean ascites to 
serum ratio in EOC patients was 46-fold (range: 3 
- 205).

Usefulness of preoperative sOPN level 
for surgical planning

After evaluation of resectability through imaging 
methods and diagnostic laparoscopy performed by 
an experienced oncologic surgeon, 13 patients un-
derwent PDS and 18 patients underwent NACT; 10 
of the patients in the latter group also underwent 
IDS (Table 1). 

The mean preoperative serum sOPN level for 
patients who underwent PDS (70.45 ± 9.95 ng/ml) 
was significantly lower (p = 0.031) than that of pa-
tients who underwent NACT, with or without IDS 
(102 ± 11.53 ng/ml). The mean preoperative ascites 
sOPN level for patients who underwent PDS (2154 
± 479.7 ng/ml) was also significantly lower (p = 
0.018) than that of patients who underwent NACT, 

with or without IDS (4515 ± 657.3 ng/ml) (Table 1). 
However, there was no significant difference (p 
> 0.05) in mean serum CA125 concentrations be-
tween the groups (3936 ± U/ml vs 3904 ± U/ml) 
(Table 1).

FIGURE 1. Receiver operating characteristic (ROC) curve for the diagnosis of ovarian 
cancer. The predictive performance of preoperative serum soluble osteopontin 
(sOPN) concentration (A) and ascites sOPN concentration (B).

AUC = area under the curve

A

A

A

B

B

B

FIGURE 2. Kaplan-Meier survival curves. Overall survival (OS) according to 
preoperative soluble osteopontin (sOPN) concentrations in serum (A) and in ascites 
(B). Serum sOPN concentrations: group 1 ≤ 75.39 ng/ml (blue line) and group 2 > 
75.39 ng/ml (green line). Ascites sOPN concentrations: group 1 ≤ 2729 ng/ml (blue 
line) and group 2 > 2729 ng/ml (green line). 

FIGURE 3. Progression-free survival (PFS) according to preoperative soluble 
osteopontin (sOPN) concentrations in serum (A) and in ascites (B). Serum sOPN 
concentrations: group 1 ≤ 75.39 ng/ml (blue line) and group 2 > 75.39 ng/ml (green 
line). Ascites sOPN concentrations: group 1 ≤ 2729 ng/ml (blue line) and group 2 > 
2729 ng/ml (green line). 
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We also examined whether the preoperative sO-
PN level in serum and ascites can predict cytore-
ductive surgical outcome. Residual disease was 
assessed after PDS and after IDS. Complete cytore-
duction of all macroscopic disease was achieved in 
14 patients, optimal cytoreduction (< 1 cm) in 6 pa-
tients and suboptimal (> 1 cm) in 3 patients, while 
8 patients had bulky unresectable disease. Due 
to the small numbers, patients were divided into 
2 groups: group 1 = complete cytoreduction and 
optimal cytoreduction (n = 20) and group 2 = sub-
optimal cytoreduction or unresectable disease (n = 
11). There was no significant difference (p = 0.086) 
in mean serum sOPN concentrations between the 
groups (73.91 ± 7.82 ng/ml vs 102.6 ± 16.5 ng/ml) 
(Figure 4A). In contrast to serum, the ascites sOPN 
concentration in group 1 (2783 ± 542.3 ng/ml) was 
significantly lower (p = 0.023) than in group 2 (4980 
± 748.2 ng/ml) (Figure 4B). 

Due to the retention tendency of sOPN in ascites, 
attention should be paid to a high ascites to serum 
ratio, as already previously mentioned. A high ra-
tio may indicate unresectable disease in spite of a 
low detected serum sOPN level in such patients. Of 
two patients with an extremely high ascites ratio 
(144 and 205), one had unresectable disease and the 
second had suboptimal cytoreduction after PDS. 

Usefulness of preoperative sOPN 
level for prediction of response to 
chemotherapy

Twenty-nine (93%) patients received platinum-
based chemotherapy and 2 died from EOC before 
chemotherapy was started. Thirteen patients who 
had PDS received a median number of 6 cycles 
(range 5-7) of chemotherapy with carboplatin and 
paclitaxel. The median number of cycles of chemo-
therapy in the NACT group was also 6. However, 
ten patients in this group who had IDS received a 
median number of 8 cycles (6-10) of chemotherapy 
with carboplatin and paclitaxel and eight patients 
who remained inoperable after NACT were treated 
with a median number of 3 cycles (range 1-6) of 
therapy with carboplatin/paclitaxel (4 patients), 
carboplatin monotherapy (1 patient), and carbopl-
atin/pegylated liposomal doxorubicin (1 patient). 

Faster CA125 normalisation was significantly 
associated with lower preoperative sOPN concen-
trations in serum (r = 0.522, p = 0.004) (Figure 5A) 
and ascites (r = 0.521, p = 0.004) (Figure 5B). Nine 
(31%) patients were partial/non-responders. The 
serum sOPN mean concentration in patients with 
an inadequate response (119.1 ± 15.24 ng/ml) was 

FIGURE 4. Association of surgical outcome and soluble osteopontin (sOPN) 
concentrations in serum (A) and ascites (B) at primary operation. Group 1: patients 
with complete (R0) and optimal (R1) cytoreduction. Group 2: patients with 
suboptimal (R2) cytoreduction and unresectable disease.

*p < 0.05

A B

A B

FIGURE 6. Comparison of soluble osteopontin (sOPN) 
concentrations in serum during treatment. Epithelial ovarian 
cancer (EOC) group - sOPN concentration: T0-preoperative, 
T1-after primary (debulking) surgery and T2–3 to 6 months 
after systemic chemotherapy. Control group (patients with 
benign gynaecological pathology) – sOPN concentrations: T0-
preoperative and T2–3 to 6 months after surgery. 

FIGURE 5. Correlation between serum cancer antigen 125 (CA125) normalisation 
after platinum-based chemotherapy and soluble osteopontin (sOPN) concentrations 
in preoperative serum (A) and ascites (B). 
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significantly higher (p = 0.005) than in responders 
(72.35 ± 7.72 ng/ml). In contrast to serum, mean 
ascites sOPN concentrations in patients with an 
inadequate response (4440 ± 798.3 ng/ml) did not 
differ significantly (p = 0.123) when compared to 
responders (3022 ± 575.8 ng/ml).

On the basis of platinum-free interval, we di-
vided our patients into two groups; group 1 = pa-
tients relapsing in less than 6 months (platinum-
resistant disease), and group 2 = patients relapsing 
after more than 6 months or with no relapse during 
the follow-up period (platinum-sensitive disease). 
The mean concentration of sOPN in the preopera-
tive serum of 8 patients in group 1 (104.5 ± 8.32 ng/
ml) was not significantly different (p = 0.39) from 
the serum sOPN in group 2 (79.49 ± 8.34 ng/ml). 
In contrast, patients in group 1 had significantly 
higher (p = 0.014) ascites sOPN concentrations 
(54011 ± 836.1 ng/ml) than patients in group 2 (2881 
± 562.9 ng/ml).  

Kinetic pattern of sOPN concentrations 
in serum 

In the group of EOC patients, the kinetic patterns 
of sOPN serum levels were determined one week 
after PDS (n = 13) and 3-6 month after chemothera-
py (n = 22) to ensure an adequate recovery time of 
patients from the adverse effects of cytotoxic drugs 
(Figure 6). We found no significant difference (p = 
0.786) between mean serum sOPN concentrations 
in preoperative (88.56 ± 9.03 ng/ml) and postopera-
tive (84.25 ± 12.85 ng/ml) samples. The mean serum 
sOPN concentration after chemotherapy (40.73 ± 
5.52 ng/ml) was significantly lower (p < 0.001) than 
the mean sOPN concentrations in preoperative and 
postoperative samples. Concentrations of sOPN in 
postoperative serum were positively correlated 
with concentrations in preoperative serum (r = 
0.489, p = 0.008) and with ascites concentrations (r = 
0.418, p = 0.027). Concentrations of sOPN in serum 
after chemotherapy were not correlated with any 
other samples.

At the time of collecting serum after chemother-
apy, nine patients had died. In the remaining 22 
patients, the sOPN serum concentration decreased 
in 21 patients (95%) and decreased below the di-
agnostic cut-off level in 17 patients (77%). In terms 
of the total number of patients in the study group, 
this result corresponded to 68% and 55% patients, 
respectively. The patient who had an increase in 
sOPN serum concentration after chemotherapy 
had the worst prognosis in terms of OS among pa-

tients who were alive at the time of collecting se-
rum after chemotherapy.

In the control group, kinetic patterns of sOPN 
serum levels were determined 6 months after sur-
gery, when the patients were healthy (Figure 6). 
The mean serum sOPN concentration after treat-
ment was 23.49 ± 2.46 ng/ml.

Biological characteristics of sOPN in 
different body fluids 

We found that concentrations of sOPN in ascites 
were positively correlated with the volume of as-
cites (r = 0.431, p = 0.013) and with total proteins 
in the fluid (r = 0.985, p < 0.001). In contrast to as-
cites, sOPN concentrations in the peritoneal fluid 
of the control group were not correlated with the 
volume of the peritoneal fluid (r = -0.122, p = 0.552) 
and were negatively correlated with total proteins 
in the fluid (r = -0.518, p = 0.008). In serum, concen-
trations of sOPN were negatively correlated with 
total proteins (r = -0.372, p = 0.033) in EOC patients, 
whereas no correlation was found in patients of the 
control group (r = 0.227, p = 0.537).  

In ascites, concentrations of sOPN were nega-
tively correlated with tumour size (r = -0.371, p 
= 0.044), whereas serum sOPN concentrations 
were not correlated with tumour size (Pearson: r 
= 0.279, p = 0.135). Based on tumour size, patients 
were divided into two groups: group 1 = tumour 
size ≤ 10 cm (n = 12) and group 2 = tumour size > 
10 cm (n = 19). There was no significant difference 
(p > 0.05) in mean serum sOPN concentrations be-
tween the groups (71 ± 10 ng/ml vs 97 ± 11 ng/ml) 
(Figure 7A). In contrast to serum, the ascites sOPN 
mean concentration in group 1 (4677 ± 862.3 ng/ml) 

FIGURE 7. Association of tumour size and soluble osteopontin (sOPN) concentrations 
in preoperative serum (A) and ascites (B). Group 1: patients with tumour size ≤ 10 cm. 
Group 2: patients with tumour size > 10 cm. 

*p < 0.05
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was significantly higher (p = 0.029) than in group 2 
(2958 ± 530.1 ng/ml) (Figure 7B). 

Discussion

sOPN has been intensively studied as a serum tu-
mour marker in the diagnosis of EOC.5–8,11 However, 
information on potential other applications of this 
promising tumour marker in serum and ascites in 
women with EOC are still lacking. One important 
problem with blood tumour markers is that it is 
questionable whether a sufficient quantity of mol-
ecules can reach the peripheral blood (a range of 
0.1 to 20% of secreted protein is assumed) to de-
tect change in the local environment of the ova-
ries.23 The results of our previous study showed 
that the retention tendency of sOPN in local fluid 
represented by ascites is potentiated in malignant 
conditions and that serum sOPN concentrations 
were not associated with sOPN concentrations in 
ascites.21 We thus systematically compared the clin-
ical usefulness of serum sOPN with ascites sOPN. 
In addition, we evaluated whether sOPN in ascites 
can improve the diagnostic accuracy of serum 
sOPN. To the best of our knowledge, the present 
study is the first to indicate the usefulness of serum 
sOPN as a prognostic tumour marker of EOC and 
is also the first to demonstrate ascites sOPN useful-
ness in selecting the best treatment for advanced 
EOC patients (surgical planning and response to 
platinum-based chemotherapy).

The major new findings in our study were as fol-
lows: (1) The diagnostic accuracy of sOPN for de-
tecting advanced-stage EOC was higher for sOPN 
in ascites than in serum. Ascites sOPN exhibited a 
lower false negative rate when compared to serum 
and no false positive rate. (2) Higher preoperative 
sOPN concentrations in serum were associated 
with significantly shorter median OS and PFS. A 
poor prognosis of EOC patients can thus be pre-
dicted by a high serum sOPN preoperative level. 
(3) Higher sOPN concentrations in ascites were as-
sociated with a worse surgical outcome and with 
smaller tumour size. Since high abdominal dis-
semination with a small primary tumour indicates 
biological aggressiveness, usually high-grade se-
rous carcinoma, our findings suggest that a higher 
sOPN level in ascites can predict incomplete resec-
tion. (4) A very high ascites to serum sOPN ratio 
may identify patients who warrant further evalua-
tion for the presence of malignant disease and also 
identify patients with unresectable disease and the 
worst prognosis, and this despite a low sOPN con-

centration in serum of the same patient. (5) Faster 
CA125 normalisation was positively correlated 
with lower preoperative sOPN levels in serum and 
ascites. Relapse in less than 6 months from the last 
date of platinum dose was associated with higher 
preoperative levels of sOPN in ascites. sOPN might 
therefore have predictive value for response to 
platinum-based chemotherapy in primary and re-
current EOC. (6) A significant positive association 
between concentrations of sOPN in ascites and as-
cites volume and total proteins, and no association 
of sOPN concentrations in peritoneal fluid of con-
trol group with peritoneal fluid volume and a neg-
ative correlation with total proteins in peritoneal 
fluid, indicated that an elevated sOPN concentra-
tion in ascites was related to the malignant process, 
especially to the production of ascites. 

Our previous report showed that serum sOPN 
concentrations are not associated with sOPN con-
centrations in ascites, so we determined separate 
cut-off values for sOPN in serum and ascites.21 
The cut-off level for serum sOPN of 47.4 ng/ml 
was in the range of published serum cut-off val-
ues (28-60 ng/ml).11 We found that the sensitivity 
and specificity of serum sOPN for detecting EOC 
were 91.2% and 90.3%, respectively. We then tried 
to elucidate whether the performance of sOPN 
as a diagnostic marker in ascites is better than in 
serum. We found that at a cut-off level 529.5 ng/
ml, the diagnostic sensitivity and specificity were 
higher for ascites (96.8% and 100%) than for se-
rum. The AUC under the sROC curve of sOPN 
was also higher for ascites than for serum. These 
data indicate that the diagnostic accuracy of sOPN 
for detection of advanced-stage EOC is higher 
for sOPN in ascites than in serum. Ascites sOPN 
exhibited a lower false negative rate and no false 
positive rate. Furthermore, one patient with serum 
below the cut-off value, who was diagnosed with 
FIGO stage IV disease, had the highest ascites to 
serum ratio (205-fold) in the study group (mean 
ratio was 46-fold; range: 3 - 205). So a very high 
ascites to serum sOPN ratio may identify patients 
who warrant further evaluation for the presence of 
malignant disease, in spite of a low sOPN concen-
tration in the patient’s serum. Higher false nega-
tive rates in serum are probably the consequence 
of the sOPN retention tendency in ascites poten-
tiated in malignant conditions.21 Moreover, sOPN 
levels in systemic circulation, may be influenced by 
noncancerous causes, which must be considered in 
evaluating the results.2,3 A higher specificity of sO-
PN in ascites was expected, since tumour markers 
closer to the origin of disease are more specific. In 
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addition, our results on a significant association of 
sOPN concentration with ascites volume and with 
ascites total proteins indicated that elevated sOPN 
levels were disease specific. A greater volume of 
ascites and higher content of proteins in ascites are 
general signs of disease progression and/or poor 
prognosis.24,25

OPN mediates critical processes in cancer pro-
gression, such as cell adhesion, migration, immune 
response and apoptosis prevention.4 It has also 
been demonstrated that an elevated serum sOPN 
concentration is associated with advanced FIGO 
stage, high grade, and the presence of ascites, thus 
suggesting a prognostic value of this marker.26,27 
During the median follow up of 34 months, 83% 
developed documented disease progression and 
64.5% had died. We found that increased serum 
sOPN concentration was associated with signifi-
cantly shorter OS and PFS when patients were 
grouped using an sOPN median concentration of 
75.39 ng/ml. The median OS was 40.2 months for 
patients with sOPN of 75.39 ng/ml or less and 11.5 
months for sOPN greater than 75.39 ng/ml. In addi-
tion, the median PFS was 17.7 months for patients 
with sOPN of 75.39 ng/ml or less and 14.3 months 
for sOPN greater than 75.39 ng/ml. When patients 
were grouped using an sOPN median concentra-
tion of 2729 ng/ml in ascites as a cut-off, the me-
dian OS was 40.2 months for patients with sOPN 
of 2729 ng/ml or less and 11.5 months for sOPN 
greater than 2729 ng/ml. In addition, the median 
PFS was 16 months for patients with an sOPN of 
2729 ng/ml or less and 6.5 months for sOPN greater 
than 2729 ng/ml. A higher ascites sOPN concentra-
tion demonstrated border line statistical signifi-
cance (p = 0.51) for shorter median OS, and no asso-
ciation with median PFS. However, if the prognosis 
of patients was evaluated in relation to sOPN levels 
in ascites and serum below our diagnostic cut-off 
value, a different insight into the prognostic useful-
ness of the two body fluids was obtained. Patients 
with an sOPN concentration in ascites below the 
cut-off value had no relapse during a follow-up 
period of 43.3 months. Two out of three patients 
with an sOPN concentration in serum below the 
cut-off value also had no relapse during follow-up 
periods of 56.1 and 43.3 months. However, a third 
patient with serum sOPN below the cut-off value 
had progression while receiving the last line of the 
platinum dose. This patient had the highest ascites 
to serum ratio in the study group. So a very high 
ascites to serum sOPN ratio may identify patients 
with the worst prognosis, in spite of a low sOPN 
concentration in the patient’s serum.

In the management of advanced-stage EOC, it is 
essential to identify patients who are more eligible 
for NACT and IDS, since primary complete resec-
tion cannot be achieved.18,19,28,29 Laparoscopy can be 
used as an adjuvant procedure to assess tumour 
spread and resectability. Laparoscopic evaluation, 
however, has limitations and may, in some cases, 
underestimate the extent of disease.30 We investi-
gated the usefulness of sOPN for predicting surgi-
cal outcome in order to improve the preoperative 
treatment strategy.  Significantly higher sOPN 
concentrations in ascites were associated with 
suboptimal cytoreduction or unresectable disease. 
Moreover, high ascites sOPN concentrations were 
associated with smaller tumour size. We can there-
fore presume that higher sOPN concentrations in 
ascites demonstrate a greater extent of metastatic 
disease and knowing this would be useful in pre-
operative assessment of residual disease and, po-
tentially, in the evaluation of neoadjuvant treat-
ment. It has already been demonstrated that OPN 
expression in metastasis is significantly increased 
compared to the primary tumour.13 The different 
influences that determine the steady-state levels of 
sOPN in serum and retention of sOPN in ascites 
might explain why no association was found be-
tween serum sOPN concentrations and surgical 
outcome. Bandiera et al. also investigated the cor-
relation between serum sOPN and surgical out-
come, and found that elevated serum sOPN levels 
were associated with macroscopic residual disease. 
However, 28% of included patients had early stage 
disease, when retention of sOPN in ascites is prob-
ably less pronounced. Moreover, ascites was not 
present in 50% of patients.27

In EOC patients, carboplatin/paclitaxel re-
mains the preferred combination, with docetaxel 
substituted for paclitaxel in patients with pre-
existing neuropathy. Since EOC is a chemosensi-
tive disease, response to therapy is an important 
prognostic determinant. The results of our study 
showed that 28% of patients with an inadequate 
response to primary chemotherapy had a sig-
nificantly higher concentration of sOPN in serum 
but not in ascites, when compared to responders. 
However, in responders, faster CA125 normalisa-
tion was associated with lower preoperative sOPN 
in serum and ascites. Although EOC patients often 
respond (~80%) to primary therapy31, the major-
ity of women with advanced EOC will ultimately 
relapse and develop drug-resistant disease.32 All 
patients received platinum-based chemotherapy, 
so we used platinum-free interval to assess the use-
fulness of sOPN for predicting response to chemo-
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therapy at relapse. The traditional definition of 
platinum resistance as disease relapsing within 6 
months and sensitive disease as recurring beyond 
6 months after chemotherapy was adopted by the 
Gynaecologic Oncology Group (GOG).33 We found 
that patients relapsing in less than 6 months had 
a higher ascites sOPN concentration than patients 
relapsing after more than 6 months or who had no 
relapse during the follow-up period. sOPN may 
contribute to chemoresistance via the antiapop-
totic signal, upregulation of P-gp expression, and 
induction of stem-like properties and thus induces 
chemoresistance.34-36 In published studies, higher 
expression of OPN in lung, colorectal and oral 
cancer was associated with resistance to platinum-
based primary chemotherapy.36–38 Tumour markers 
for predicting response is an attractive concept, 
since it permits individualized treatment, so sOPN 
is worth further research.

The kinetic pattern of mean serum sOPN con-
centrations after PDS and chemotherapy showed 
that sOPN did not change ~ one week after PDS, 
although the mean sOPN concentration 3 to 6 
months after completion of chemotherapy was 
significantly decreased. The period ~ one week 
after surgery was probably too short to see the 
effect of cytoreduction on the sOPN level. In ad-
dition, the surgical induced stress response in a 
patient may also influence protein distribution.39 
This might be why our result was not in agreement 
with a previously published study.10 Schorge et al. 
reported significantly decreased sOPN after PDS. 
However sOPN was measured before the first cy-
cle of chemotherapy.10 We waited 3 to 6 months 
after chemotherapy before we measured sOPN, in 
order to ensure an adequate recovery time of pa-
tients from the adverse effects of cytotoxic drugs. 
At the time of collecting serum after chemotherapy, 
nine patients had died. In the remaining patients, 
the sOPN serum concentration decreased in 95% 
of patients and below the diagnostic cut-off level 
in 77% of patients. The observed decreased serum 
sOPN concentration after treatment supports the 
suggestion that sOPN in serum is correlated with 
tumour bulk. A similar result was observed in the 
Schorge et al. study, in which an earlier increase of 
sOPN compared to CA125 in patients developing 
recurrent disease was also shown.10 

Conclusions

Our study showed that the local fluid sOPN level, 
as represented by ascites, mirrors the present dis-

ease and is superior to serum sOPN level for di-
agnostic purposes and surgical planning, although 
the end result of treatment is a response of the 
whole body in fighting against disease and, in this 
respect, the preoperative sOPN concentration in 
systemic circulation better reflects the outcome of 
disease than sOPN in ascites. Nevertheless, a very 
high ascites to serum sOPN ratio may identify pa-
tients who warrant further evaluation for the pres-
ence of malignant, unresectable disease, and iden-
tify patients with the worst prognosis, in spite of a 
low sOPN concentration in the serum of the same 
patient.

Acknowledgements

This work was supported by research grants from 
the University Medical Centre Ljubljana (Project 
Number: 20180033) and the Slovenian Research 
Agency (P3-067). The authors thank Nevenka 
Dolzan for technical assistance and Martin Cregeen 
for assistance with the English translation of the 
text.

References
1  Weber GF, Lett GS, Haubein NC. Osteopontin is a marker for cancer aggres-

siveness and patient survival. Br J Cancer 2010; 103: 861-9. doi: 10.1038/
sj.bjc.6605834

2  Hao C, Cui Y, Owen S, Li W, Cheng S, Jiang WG. Human osteopontin: poten-
tial clinical applications in cancer (Review). Int J Mol Med 2017; 39: 1327-37. 
doi: 10.3892/ijmm.2017.2964

3  Wei R, Wong JPC, Kwok HF. Osteopontin - a promising biomarker for cancer 
therapy. J Cancer 2017; 8: 2173-83. doi: 10.7150/jca.20480

4  Zhao H, Chen Q, Alam A, Cui J, Suen KC, Soo AP, et al. The role of osteopon-
tin in the progression of solid organ tumour. Cell Death Dis 2018; 9: 356-70. 
doi: 10.1038/s41419-018-0391-6

5  Kim JH, Skates SJ, Uede T, Wong KK, Schorge JO, Feltmate CM, et al. 
Osteopontin as a potential diagnostic biomarker for ovarian cancer. Jama-
Journal Am Med Assoc 2002; 287: 1671-9. doi: 10.1001/jama.287.13.1671

6  Cramer DW, Bast RC, Berg CD, Diamandis EP, Godwin AK, Hartge P, et al. 
Ovarian cancer biomarker performance in prostate, lung, colorectal, and 
ovarian cancer screening trial specimens. Cancer Prev Res 2011; 4: 365-74. 
doi: 10.1158/1940-6207.CAPR-10-0195

7  Mor G, Visintin I, Lai Y, Zhao H, Schwartz P, Rutherford T, et al. Serum protein 
markers for early detection of ovarian cancer. Proc Natl Acad Sci U S A 2005; 
102: 7677-82. doi: 10.1073/pnas.0502178102

8  Visintin I, Feng Z, Longton G, Ward DC, Alvero AB, Lai Y, et al. Diagnostic 
markers for early detection of ovarian cancer. Clin Cancer Res 2008; 14: 
1065-72. doi: 10.1158/1078-0432.CCR-07-1569

9  Brakora KA, Lee H, Yusuf R, Sullivan L, Harris A, Colella T, et al. Utility of 
osteopontin as a biomarker in recurrent epithelial ovarian cancer. Gynecol 
Oncol 2004; 93: 361-5. doi: 10.1016/j.ygyno.2004.01.050

10  Schorge JO, Drake RD, Lee H, Skates SJ, Rajanbabu R, Miller DS, et al. 
Osteopontin as an adjunct to CA125 in detecting recurrent ovarian cancer. 
Clin Cancer Res 2004; 10: 3474-8. doi: 10.1158/1078-0432.CCR-03-0365

11  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: 221-30. 
doi: 10.1007/s10689-015-9847-3



Radiol Oncol 2019; 53(1): 105-115.

Cerne K et al./ Osteopontin in the management of epithelial ovarian cancer 115

12  Hu Z-D, Wei T-T, Yang M, Ma N, Tang Q-Q, Qin B-D, et al. Diagnostic value of 
osteopontin in ovarian cancer: a meta-analysis and systematic review. PLoS 
One 2015; 10: e0126444. doi: 10.1371/journal.pone.0126444

13  Bao LH, Sakaguchi H, Fujimoto J, Tamaya T. Osteopontin in metastatic 
lesions as a prognostic marker in ovarian cancers. J Biomed Sci 2007; 14: 
373-81. doi: 10.1007/s11373-006-9143-1

14  Psyrri A, Kalogeras KT, Wirtz RM, Kouvatseas G, Karayannopoulou G, 
Goussia A, et al. Association of osteopontin with specific prognostic factors 
and survival in adjuvant breast cancer trials of the Hellenic Cooperative 
Oncology Group. J Transl Med 2017; 15: 1-11. doi: 10.1186/s12967-017-
1134-7

15  Hacker NF. State of the art of surgery in advanced epithelial ovarian cancer. 
Ann Oncol 2013; 24: 27-32. doi: 10.1093/annonc/mdt465

16  Narod S. Can advanced-stage ovarian cancer be cured? Nat Rev Clin Oncol 
2016; 13: 255-61. doi: 10.1038/nrclinonc.2015.224

17  Querleu D, Planchamp F, Chiva L, Fotopoulou C, Barton D, Cibula D, et al. 
European society of Gynaecological Oncology (ESGO) guidelines for ovar-
ian cancer surgery. Int J Gynecol Cancer 2017; 27: 1534-42. doi: 10.1097/
IGC.0000000000001041

18  Bristow RE, Karlan BY. Surgery for Ovarian Cancer: Principles and Practice. 
1st edition. Abingdon: Taylor & Francis; 2006.

19  Chesnais M, Lecuru F, Mimouni M, Ngo C, Fauconnier A, Huchon C. A pre-
operative predictive score to evaluate the feasibility of complete cytoreduc-
tive surgery in patients with epithelial ovarian cancer. PLoS One 2017; 12: 
1-12. doi: 10.1371/journal.pone.0187245

20  Gupta D, Lis CG. Role of CA125 in predicting ovarian cancer survival - A 
review of the epidemiological literature. J Ovarian Res 2009; 2: 1-20. doi: 
10.1186/1757-2215-2-13

21  Kobal B, Jerman KG, Karo J, Verdenik I, Cerne K. Relationship of ovar-
ian cancer tumour markers concentration between local fluid and serum: 
Comparison of malignant to benign condition. Eur J Gynaecol Oncol 2018; 
5: 743-50. doi: 10.12892/ejgo3848.2018

22  Jerman KG, Kobal B, Jakimovska M, Verdenik I, Cerne K. Control values of 
ovarian cancer tumor markers and standardisation of a protocol for sam-
pling peritoneal fluid and performing washing during laparoscopy. World J 
Surg Oncol 2014; 12: 1-9. doi: 10.1186/1477-7819-12-278

23  Lutz AM, Willmann JK, Cochran F V., Ray P, Gambhir SS. Cancer screening: 
A mathematical model relating secreted blood biomarker levels to tumor 
sizes. PLoS Med 2008; 5: 1287-97. doi: 10.1371/journal.pmed.0050170

24  Parsons SL, Watson SA, Steele RJ. Malignant ascites. Br J Surg 1996; 83: 6-14. 
doi: 10.1002/BJS.1800830104

25  Stanojevic Z, Rancic G, Radic S, Potic-Zecevic N, Djordjevic B, Markovic M, et 
al. Pathogenesis of malignant ascites in ovarian cancer patients. Arch Oncol 
2004; 12: 115-8. doi: 10.2298/AOO0402115S

26  Weber GF. The cancer biomarker osteopontin: Combination with other 
markers. Cancer Genomics Proteomics 2011; 8: 263-88. PMID: 22086896

27  Bandiera E, Zanotti L, Fabricio ASC, Bucca E, Squarcina E, Romani C, et al. 
Cancer antigen 125, human epididymis 4, kallikrein 6, osteopontin and 
soluble mesothelinrelated peptide immunocomplexed with immunoglobu-
lin M in epithelial ovarian cancer diagnosis. Clin Chem Lab Med 2013; 51: 
1815-24. doi: 10.1515/cclm-2013-0151

28  Sato S, Itamochi H. Neoadjuvant chemotherapy in advanced ovarian cancer: 
latest results and place in therapy. Ther Adv Med Oncol 2014; 6: 293-304. 
doi: 10.1177/1758834014544891

29  Skof E, Merlo S, Pilko G, Kobal B. The role of neoadjuvant chemotherapy in 
patients with advanced (stage IIIC) epithelial ovarian cancer. Radiol Oncol 
2019; 53(1): 105-115..6; 50: 341-6. doi: 10.1515/raon-2016-0034

30  Rutten MJ, Leeflang MM, Kenter GG, Mol BW, Buist M. Laparoscopy for 
diagnosing resectability of disease in patients with advanced ovarian cancer. 
Cochrane Database Syst Rev 2014; 21. doi: 10.1002/14651858.CD009786.
pub2

31  Cannistra SA. Cancer of the Ovary. N Engl J Med 1993; 329: 1550-9. doi: 
10.1056/NEJM199311183292108

32  Bookman MA, Ozols RF. Factoring outcomes in ovarian cancer. J Clin Oncol 
1996; 14: 325-7. doi: 10.1200/JCO.1996.14.2.325

33  Markman M, Bookman MA. Second-line treatment of ovarian cancer. 
Oncologist 2000; 5: 26-35. doi: 10.1634/theoncologist.5-1-26

34  Graessmann M, Berg B, Fuchs B, Klein A, Graessmann A. Chemotherapy 
resistance of mouse WAP-SVT/t breast cancer cells is mediated by osteo-
pontin, inhibiting apoptosis downstream of caspase-3. Oncogene 2007; 26: 
2840-50. doi: 10.1038/sj.onc.1210096

35  Hsieh I-S, Huang W-H, Liou H-C, Chuang W-J, Yang R-S, Fu W-M. Upregulation 
of drug transporter expression by osteopontin in prostate cancer cells. Mol 
Pharmacol 2013; 83: 968-77. doi: 10.1124/mol.112.082339

36  Ng L, Wan T, Chow A, Iyer D, Man J, Chen G, et al. Osteopontin overexpres-
sion induced tumor progression and chemoresistance to oxaliplatin through 
induction of stem-like properties in human colorectal cancer. Stem Cells Int 
2015; 2015: 1-8. doi: 10.1155/2015/247892

37  Zhang T, Zhang DM, Zhao D, Hou XM, Yang TN. Osteopontin expression is 
associated with platinum-based chemotherapy response and prognosis of 
patients with advanced non small cell lung cancer. J BUON 2014; 19: 742-8. 
PMID: 25261661

38  Luo S-D, Chen Y-J, Liu C-T, Rau K-M, Chen Y-C, Tsai H-T, et al. Osteopontin 
involves cisplatin resistance and poor prognosis in oral squamous cell carci-
noma. Biomed Res Int 2015; 2015: 1-13. doi: 10.1155/2015/508587

39  Faça VM, Ventura AP, Fitzgibbon MP, Pereira-Faça SR, Pitteri SJ, Green AE, et 
al. Proteomic analysis of ovarian cancer cells reveals dynamic processes of 
protein secretion and shedding of extra-cellular domains. PLoS One 2008; 3: 
e2425. doi: 10.1371/journal.pone.0002425




