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Abstract

Objective: Osteonectin plays a central role in various processes during the development

of pancreatic adenocarcinoma. This prospective pilot study was performed to determine the

feasibility of serum osteonectin as a screening tool for pancreatic cancer.

Methods: Blood samples were collected from 15 consecutive patients with newly diagnosed

pancreatic cancer and 30 matched healthy controls. Serum osteonectin was measured using an

osteonectin enzyme-linked immunosorbent assay kit. The primary outcomes were the diagnostic

performance of serum osteonectin and the threshold value for differentiation of patients

from controls.

Results: The median/quartile range of serum osteonectin in patients and controls were

306.8/288.5 ng/mL and 67.5/39.8 ng/mL, respectively. Osteonectin concentrations significantly dif-

fered among the study groups. A plasma osteonectin concentration of >100.18 ng/mL as selected

by the receiver operating characteristic curves demonstrated an estimated area under the curve

of 86% for prediction of pancreatic cancer. Tumour size was a significant predictor of serum

osteonectin. A statistically significant difference in serum osteonectin between T1/T2 and T3/T4

tumours was found. Post-hoc comparisons revealed statistically significant differences in the

serum osteonectin among the control, T1/T2, and T3/T4 groups.
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Conclusion: Osteonectin may be used as a screening tool for pancreatic cancer, although this

must be validated in prospective studies.
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Introduction

More than 200,000 people annually are
diagnosed with pancreatic cancer, which is
the fourth most common cause of cancer-
related mortality in the Western world, and
increasing incidence rates have been
described.1,2 Pancreatic adenocarcinoma is
consistently diagnosed in its late stages
because of the lack of screening biomarkers
for clinical practice. Remarkably, tumours
amenable to resection are found in only
10% to 15% of patients, and the overall
5-year survival rate is approximately 2%
among patients with tumours of advanced
stages.3 Therefore, the introduction of
population-based screening markers could
potentially change the natural course of
this detrimental disease.

Osteonectin is also known as secreted
protein acidic and rich in cysteine. This gly-
coprotein seems to have a critical function
in pancreatic adenocarcinoma, not only in
regulation of its connection to the tumour
stroma but also in engagement in various
cancer processes such as cell cycle progres-
sion, proliferation, angiogenesis, metastasis,
migration, adhesion, and apoptosis.4,5

The tumour stroma in pancreatic
cancer encompasses a large amount of the
tumour volume (approximately 80%–90%).
Dense fibrotic tissue comprising blood and
lymphatic vessels, adipocytes, immune-
inflammatory cells, pancreatic stellate cells,
and extracellular matrix proteins constitute
the stroma.6 Pancreatic stellate cells stimulate
myofibroblasts in charge of stromal

development, adding to inadequate vascular-

isation7 and activating signalling pathways

through soluble substances that are associat-

ed with endurance and proliferation of pan-

creatic cancer cell lines.8 Osteonectin is

momentarily secreted into the extracellular

matrix but is not incorporated as a part

of the extracellular matrix network.9

Osteonectin is highly expressed in cancer-

associated fibroblasts and pancreatic stellate

cells because the abnormal methylation pat-

tern found in pancreatic adenocarcinoma cell

lines is absent. Moreover, osteonectin expres-

sion in fibroblasts obtained from cancerous

tissue is substantially different from that in

cancer-free tissue from patients with pancre-

atic adenocarcinoma.10

We investigated whether the serum

osteonectin concentration can distinguish

healthy controls from patients with pancre-

atic cancer with clinically relevant accuracy

and aimed to determine the practicability of

osteonectin for population screening.

Materials and methods

This study included consecutive patients

with newly diagnosed pancreatic cancer,

matched patients with acute pancreatitis

(only relevant data concerning acute pancre-

atitis are presented in this manuscript), and

matched healthy controls. Blood samples for

measurement of osteonectin were collected

from December 2013 to January 2015.
The final histologic report and/or oper-

ating theatre notes were deemed necessary
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for patients with pancreatic cancer to take
part in the analysis. The workup for
patients with acute pancreatitis included
haematological and biochemical parame-
ters, abdominal imaging findings, and clin-
ical evaluation results.

All healthy controls had normal findings
of endoscopy, abdominal computed tomog-
raphy, and mammography (for female
patients) previously performed for various
reasons upon study entry and underwent a
repeat magnetic resonance imaging exami-
nation of the pancreas in January 2016 to
check for the absence of pancreatic cancer.
Healthy controls were chosen from the
department’s database by applying certain
criteria (described below).

Information was collected concerning
sex, age, body mass index (BMI), presence
of comorbidities, smoking, performance
status, and medications. In accordance
with the above-mentioned risk factors for
pancreatic cancer, controls and patients
were matched for age (classified by 5-year
age groups), BMI (according to BMI clas-
ses), and the presence of diabetes, smoking,
and alcohol consumption (yes/no).

Sequential filters were applied to the
Microsoft Excel database to create this
standard population so that the frequency
of the confounder was identical among the
groups (e.g., for every smoker with pancre-
atic cancer aged 40–49 years, we enrolled
three healthy smokers and three smokers
with acute pancreatitis aged 40–49 years).

Inclusion/exclusion criteria

The inclusion criterion for patients was a
confirmed diagnosis of pancreatic cancer.
The exclusion criteria were urgent
surgery, exposure to certain chemicals, a
history of other primary types of cancer,
appearance of liver metastases, and lack
of informed consent.

The inclusion criteria for healthy con-
trols were negative findings on endoscopy,

abdominal computed tomography, and

mammography and the presence of at

least one confounding factor. The exclusion

criteria were liver cirrhosis, acute/chronic

pancreatitis, inherited genetic syndromes,

a personal or family history of cancer, hae-

molysed serum samples, exposure to certain

chemicals, cancer development during

follow-up, and lack of informed consent.
Ethical approval for this study was

obtained by the Institutional Review Board

and the World Medical Association. Every

patient and control provided written

informed consent prior to study entry.

Sample collection and storage

Blood samples were collected from the

umbilical vein and allowed to clot for

2 hours at room temperature. The samples

were then centrifuged for 15 minutes at

1000� g. The serum was removed and

immediately assayed, and the samples

were stored at �20�C or �80�C.
Human osteonectin was detected by a

quantitative sandwich enzyme immunoas-

say technique (Human Osteonectin ELISA

kit; Cusabio, College Park, MD, USA)

according to the manufacturer’s instruc-

tions. The detection range was 0.78 to

50 ng/mL, and the minimum detectable

concentration of osteonectin (sensitivity)

was 0.195 ng/mL.
CurveExpert 1.3 professional software

was used to create a standard curve for cal-

culation of the results. We averaged the

duplicate readings for each standard and

sample and subtracted the average zero

standard optical density. A four-parameter

logistic curve-fitting analysis was performed

using capable computer software to create a

standard curve by reducing the data.

Primary and secondary outcomes

The primary outcomes of the study were

the diagnostic performance of the serum
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osteonectin concentration to distinguish

healthy controls from patients with pancre-

atic cancer and the threshold value that can

indicate the presence of pancreatic cancer.

The secondary outcome was the relation-

ship of the serum osteonectin concentration

with tumour size.

Statistical analyses

The chi-square test was used to correlate

the two categorical variables. The Mann–

Whitney U test was used to test both the

differences in the shapes of the distributions

of the two groups and the significance of the

difference between two independent sam-

ples (groups) of an ordinal variable.
The median test and the Kruskal–Wallis

analysis of variance (ANOVA) by ranks

were used to correlate multiple independent

samples (groups) in data containing a

coding variable with codes to uniquely iden-

tify the group membership of each case.

The significance levels for the individual

post-hoc correlations were adjusted by

one-way ANOVA and the Bonferroni test.
The performance of a two-class classifier

across the range of possible thresholds

was summarised by a receiver operating

characteristic (ROC) curve, taking into

account the pancreatic cancer prevalence

of 0.0124%.3 The validation of our results

was achieved using the sample size for two

means, t-test, independent samples, and

several-means one-way ANOVA.
Statistical significance was defined as

p< 0.05. MedCalc for Windows, version

14.8.1 (MedCalc Software, Ostend, Belgium)

and Statistica version 7 (StatSoft, Inc., Tulsa,

OK, USA) were used for data analysis.

Results

Ninety participants were allocated to three

groups: patients with pancreatic cancer

(n¼ 15), patients with acute pancreatitis

(n¼ 45), and healthy controls (n¼ 30).
The clinicopathological characteristics

and confounding factors did not differ sig-

nificantly between the patients with pancre-

atic cancer and controls. Tumour sizes were

spread roughly evenly among the patients

with cancer (Table 1).
The duration of follow-up (median and

25th to 75th interquartile range) for healthy

controls was 11 months and 5.5 to 14.5

months, respectively. None of the healthy

controls developed pancreatic cancer.
The descriptive statistics of the serum

osteonectin values among the patients

Table 1. Comparison of clinicopathological characteristics between patients and
healthy controls

Cancer (n¼ 15) Controls (n¼ 30) p-value

Age, years 68.3� 11.24 61.15� 9.95 0.095

Sex, female/male 10/5 16/14 0.393

BMI, kg/m2 23.74� 4.73 26.26� 3.43 0.135

Diabetes 5 11 0.878

Smoking 6 13 0.891

Alcohol consumption 5 9 0.869

Tumour size

T1 3

T2 5

T3 3

T4 4

Data are presented as n or mean� standard deviation. BMI, body mass index.
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with cancer, patients with acute pancreati-

tis, and healthy controls are presented in

Table 2 and Figure 1.
No significant differences were found in

the serum osteonectin values between the

patients with acute pancreatitis and those

with pancreatic cancer.

Primary outcomes

A highly statistically significant difference

was found in the serum osteonectin concen-

tration between the controls and patients

with cancer (Z adjusted: �3.86, p¼
0.0001). The optimum cut-off serum osteo-
nectin concentration was 100.18 ng/mL.

Serum osteonectin concentrations of

>100.18 ng/mL at enrolment had a sensitiv-

ity of 84.62%, specificity of 87.50%, and
area under the ROC curve of 0.856 (86%

accuracy, Z-statistic¼ 4.398, p< 0.0001,

95% confidence interval¼ 0.701–0.949) for

predicting pancreatic cancer (Figure 2).
To validate our results, we performed a

two-mean t-test for independent samples

with alpha¼ 0.05, power¼ 0.9, difference

between mean¼ 239.29 ng/mL [(mean:
cancer group¼ 306.76 ng/mL� control

group¼ 67.47ng/mL), (standard deviation:

cancer group¼ 265.97 ng/mL and control

group¼ 28.76 ng/mL)], and patient per con-
trol ratio¼ 0.5. Fifteen patients with pan-

creatic cancer and 30 healthy controls

constituted the estimated minimum sample

size. We added an additional 10% to these
numbers in case of haemolysed samples and

other causes of exclusion.

Figure 1. Box plot by group shows the median, 25th to 75th interquartile range, and minimum to
maximum serum osteonectin concentrations in ng/mL.

Table 2. Osteonectin serum concentrations in
ng/mL in patients with cancer, patients with acute
pancreatitis, and healthy individuals

Median Lower Upper

Quartile

range

Cancer 306.76 27.85 978.87 288.49

Controls 67.47 25.87 147.54 39.79

Acute

pancreatitis

467.15 32.39 2412.57 380.00
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Secondary outcome

Univariate analysis of one-way ANOVA

(sigma-restricted parameterisation, effective

hypothesis decomposition) was applied to

evaluate the effect of tumour size on the

serum osteonectin concentration. Tumour

size was a significant factor (p¼ 0.021,

df¼ 3, F-statistic¼ 5.329).
By applying the Bonferroni test in post-

hoc comparisons (probabilities for post-hoc

test error: between MS¼ 33972, df¼ 9), we

found a statistically significant difference in

the serum osteonectin values between T2

and T3 tumours (p¼ 0.045). The difference

between T1 and T3 tumours was not signif-

icant (p¼ 0.064).
Taken together, these data revealed a

statistically significant difference in the

serum osteonectin concentration between

T1/T2 and T3/T4 tumours (Z-statistic¼
2.781, p¼ 0.005).

Comparison of the serum osteonectin

concentration among the controls and

patients with T1/T2 and T3/T4 tumours

also showed statistical significance
(F-statistic¼ 40.653, df¼ 2, p¼ 0.0001).

By applying the Bonferroni test in post-
hoc comparisons (probabilities for post-hoc
test error: between MS¼ 11746, df¼ 33),
we found a significantly statistical differ-
ence in the serum osteonectin concentration
between the controls and T3/T4 group,
whereas the respective comparison with
the T1/T2 group was not significant
(p¼ 0.057). Likewise, the difference
between the T1/T2 and T3/T4 groups was
highly significant (p¼ 0.0001) (Figure 3).

To confirm our results, we performed one-
way ANOVA for a several-means sample
size test with alpha¼ 0.05, power¼ 0.9,
three groups, and root mean
square standardised effect¼ 256.90 (mean:
T1/T2 group¼ 154.93ng/mL, T3/T4
group¼ 549.68ng/mL, and control group¼
67.47ng/mL)]. The minimum sample size
was estimated as at least four patients in
each group. In case of haemolysed samples
and other causes of exclusion, an additional
10% was added to these samples.

Figure 2. Receiver operating characteristic curve. Serum osteonectin concentrations of >100.18 ng/mL at
enrolment had 86% accuracy in predicting pancreatic cancer.
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Discussion

The obtainability of an effective and reli-
able pancreatic cancer screening tool that
permits initial pancreatic cancer recognition
is of vital importance to international
health care systems. Better screening sys-
tems with high sensitivity and specificity
for this diagnosis are needed; these systems
should be technically easy to use had have
high population acceptance.

We conducted this small pilot case-
control study in view of the fact that match-
ing was useful because there were many
possible controls but a smaller number of
cases (patients and controls were matched
for confounding factors epidemiologically
considered to systematically influence the
occurrence of pancreatic cancer with a
ratio of 2:1).

Our methodology mainly aimed to doc-

ument the accuracy of serum osteonectin

levels for distinguishing healthy controls

from patients with pancreatic cancer,

the threshold value that can indicate

the presence of pancreatic cancer, and the

relationship of the serum osteonectin

concentration with tumour size as well as

to create a knowledge base for prospective

future studies.
The difference between cancer and con-

trol osteonectin serum values was highly

significant. The optimal cut-off point select-

ed for serum osteonectin was 100.18 ng/mL.

Serum osteonectin concentrations of

>100.18 ng/mL at enrolment had a sensitiv-

ity of 84.62%, specificity of 87.50%, and

area under the ROC curve of 0.856 (accu-

racy) for predicting pancreatic cancer.

Figure 3. Least-square means and 95% confidence intervals of serum osteonectin concentrations in ng/mL
among the three groups
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There was a statistically significant differ-
ence in the serum osteonectin concentra-
tions between the controls and patients
with T3/T4 cancer. Likewise, the difference
between the T1/T2 and T3/T4 groups was
highly significant (p¼ 0.0001), whereas the
respective comparison with the T1/T2
group was not significant (p¼ 0.057).
However, we were expecting such a differ-
ence to be established with the enrolment of
a significant number of participants.

The prospective predictive value of osteo-
nectin is expected to be the same as that esti-
mated by the ROC curves under the
hypothesis that the osteonectin concentra-
tions of healthy controls will remain stable
and given the fact that none of the healthy
controls developed pancreatic cancer after a
median follow-up of 11 months.

The functions of osteonectin in cancer
growth might be affected to a certain
extent by the interface with several growth
factors (e.g., fibroblast growth factor and
transforming growth factor-b) and matrix
metalloproteinases.11 Remarkably, no
osteonectin receptors have been recognised,
and the protein part rapidly undergoes
proteolysis by various proteases.12

Interestingly, osteonectin expression in pan-
creatic cancer cell lines is clearly correlated
with matrix metalloproteinase (MMP)-2
expression.13 Moreover, osteonectin increases
the metastatic capacity of cancer cells by pro-
moting MMP-2 expression. Additionally,
osteonectin proteolysis is caused by MMPs,
and derivatives of the degradations probably
have diverse biological activities.14 An osteo-
nectin peptide appears to regulate and
increase apoptosis in MiaPaCa-2 cells.15

Osteonectin stimulates G1/S cell cycle
detention by down-regulation of the phos-
phorylation pRB and up-regulation of p53
and p27Kip116; it also inhibits angiogenesis
by controlling the efficiency of platelet-
derived growth factor and vascular endothe-
lial growth factor.17 Osteonectin-regulated
signalling of transforming growth factor-b1

is a significant mediator in pancreatic carci-
nogenesis and can be either tumour-
suppressive or -promoting.18

Pancreatic intraepithelial neoplasia
(PanIN) is the most common type of pan-
creatic cancer.19 KRAS2 oncogene activa-
tion in conjunction with CDKN2A/p16
loss and TP53 and SMAD4/DPC4 inactiva-
tion appears to be distinctive in pancreatic
cancer.20 Epigenetic alterations are known
to affect the growth of pancreatic cancer.21

Interestingly, irregular methylation of the
CpG islands on the osteonectin gene is
found in 28% of PanIN tissue.22 In intra-
ductal papillary mucinous neoplasms
(IPMN), osteonectin expression is missing
in 50% and 80% of tissue showing low–
moderate and high-grade dysplasia, respec-
tively.23 Methylation of CpG region 2 (CpG
sites 8–12) is excessively susceptible in
pancreatic carcinogenesis. Likewise, the
percentage of methylation at CpG region 2
is coupled with alcohol consumption,
tobacco exposure, and larger tumour
size.24 Overall, it appears that the expres-
sion of osteonectin in stromal fibroblasts
is mediated by pancreatic adenocarcinoma
cells. Likewise, osteonectin is expressed in
metastases as well as in primary tumors.25

To our knowledge, only two studies have
addressed the osteonectin serum concentra-
tion in patients with pancreatic cancer.
The present study is the first to assess
serum osteonectin in humans with the
intention of identifying a screening marker
for pancreatic cancer by connecting funda-
mental research to clinical practice.

In 2003, Sato et al.10 estimated the osteo-
nectin levels in serum samples by enzyme-
linked immunosorbent assay and found no
significant difference in the mean osteonec-
tin levels among patients with pancreatic
adenocarcinoma, patients with benign pan-
creatic disorders, and healthy individuals.
In contrast, Guweidhi et al.26 subsequently
measured the osteonectin serum levels in
patients with pancreatic cancer, patients
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with chronic pancreatitis, and healthy con-
trols. They found significantly lower serum
osteonectin levels in patients with pancreat-
ic cancer but no significant correlation
between osteonectin mRNA levels in tissues
and serum osteonectin levels in individual
patients with pancreatic cancer. In contrast
to the findings of this former study, we
documented significant differences (data
not shown for acute pancreatitis). There
were differences with the latter study as
well. We found higher rather than lower
serum osteonectin values in patients with
cancer and a significant correlation between
tumour size and serum osteonectin values.
A potential explanation for the differences
from the aforementioned studies may be the
following: our comparison groups were
matched according to confounding factors,
the correlation of serum osteonectin values
to pancreatic tumours was based on catego-
risation of tumour size instead of measure-
ment of osteonectin mRNA levels in tissues,
and different methods were used for mea-
surement of serum osteonectin.

Likewise, none of the proposed markers in
the literature is specific for pancreatic cancer;
e.g., thrombospondin 2, cancer antigen 19-9,
tissue inhibitor of metalloproteinase 1, and
leucine-rich alpha-2-glycoprotein 1.27,28

The limitations of this study are as fol-
lows. First, the sample size was small.
However, because the project is ongoing,
we expect that the results will overcome
this limitation (because of the small
sample size, no analysis was done for
confounder-adjusted estimates). Second,
patients with PanIN and IPMN were not
included. Third, our results require pro-
spective validation. Fourth, a second mea-
surement is being planned in a future study
because only a single measurement per
patient was calculated. Fifth, cancers
originating in other sites were not exam-
ined. Finally, considering the correlation
of tumour size to the serum osteonectin
concentration, although our study was

sufficiently powered, the results must be

interpreted cautiously given the small num-

bers of patients with each tumour stage.
A larger-scale prospective study includ-

ing healthy controls, patients with pancre-

atic cancer, and patients with IPMN and

PanIN is needed to verify our preliminary

results and determine the feasibility of

the serum osteonectin concentration for

screening. A combination of the serum

osteonectin concentration with methylation

panels including osteonectin and other

usual hypermethylated genes (such as

Reprimo) may be acceptable for pancreatic

cancer screening and detection of PanIN

and IPMN.
In summary, the serum osteonectin con-

centration clearly differentiates patients

with pancreatic cancer from healthy indi-

viduals. The serum osteonectin concentra-

tion is positively associated with increasing

tumour stage. As a promising marker

for pancreatic cancer, the serum osteonectin

level shows potential for screening, but

further research is needed to verify

this potential.
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