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ABSTRACT
Article history: Aim: Prostate cancer (PCa) is the second most prevalent male cancer worldwide and
Received: 13-03-2017 designated the sixth most frequent male cancer in Arab countries. Although prostate
Accepted: 26-04-2017 specific antigen (PSA) has become the best and most valuable biomarker for screening of
Published: 24-05-2017 PCa, elevated levels of PSA can reflect the presence of malignant cells but can overlap with

benign prostatic diseases. There is a necessity to develop and improve current tools for early
detection and diagnosis of PCa. This study was done to evaluate the validation of serum
insulin-like growth factor-1 (IGF-1), IGF binding protein-3 (IGFBP-3), chromogranin A
(CgA) and combination with PSA in treatment of benign prostatic hyperplasia (BPH) and
PCa patients. Methods: The study included 72 patients with PCa, 70 BPH patients and
56 healthy male subjects of matched age. Full history and clinical data were recorded
for all subjects. Results: Serum PSA attained sensitivity of 84% at 82% specificity with
an accuracy of 83%, although IGF-1, IGFBP-3 and CgA did not recognize PCa patients.
Conclusion: Combinations of IGF-1 and IGFBP-3 biomarkers with PSA were effectively
differentiated between PCa and control groups as well as improving the overall value of
sensitivity, specificity and diagnostic accuracy of PCa to 85% and 86% for IGF-1/PSA and
IGFP-3/PSA respectively.
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INTRODUCTION The annual worldwide estimate is 1.1 million new

diagnosed PCa male patients, representing 15% of all
Prostate cancer (PCa) is ranked the second most male cancers and about 70% of the cases occurring
prevalent male cancer worldwide!" and is currently in developed countries. PCa represents the fifth most
the sixth frequent male cancer in Arab countries.)’.  common cause of male cancer death, accounting for
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6.6% of overall male deaths.F! In the United States,
about 161,000 new PCa cases are anticipated in
2017 along with approximately 26,700 PCa deaths.™
Radical prostatectomy and radiotherapy are still
curative therapeutic options for PCa, but are restricted
to organ-confined tumors. Therefore, the successful
treatment of PCa depends on detection of the
disease at its earliest stages. There is a necessity to
improve current methods for early detection and/or
diagnosis of PCa and to distinguish men at risk for
carcinogenesis.®! Screening can detect disease in its
early or asymptomatic stage; in addition, screening
tests of malignant tumors must have high sensitivity to
detect the disease with sufficient specificity to protect
patients with false-positive results from uncalled-for
diagnostic interventions.®

A single polypeptide, prostate specific antigen (PSA),
exists in diverse molecular forms. It occurs in either
normal or malignant prostatic tissue. About 70-90% of
serum PSAcombines with serum protein inhibitor, alpha
1 antichymotrypsin, and the rest remains unbound in
free form (fPSA). Measurements of total and free/total
PSA ratio are common analyses in diagnosing PCa.
The lower the f/tPSA ratio, the higher the likelihood
of malignancy. The protocol for PCa screening may
involve PSA analysis and digital rectal examination.
Trans-rectal ultrasonography has been associated
with an increased false positive rate, making it not
ideal screening tool. It has been recommended that,
starting at age 50 years, a routine check-up with PSA
analysis and digital rectal examination be carried out
annually for men at high risk. Single polypeptide PSA
is expressed in normal, benign and malignant prostatic
tissues but not in any other human tissue.” Although
the introduction of PSArelated PCa screening and PSA
has become the best and most valuable biomarker
for screening, detection, staging and monitoring of
PCa; there are challenges. For example, elevated
levels of PSA can reflect the presence of malignant
cells but can also be related to non-malignant prostate
disorders like benign prostatic hyperplasia (BPH),
infection or chronic inflammations.® Increased serum
PSA levels have been seen in patients with PCa, as
well as in BPH and prostatitis, producing a high rate
of false-positive cases. There also remains a wide
overlap between PCa and BPH, particularly in patients
with marginally increased PSA concentrations, in the
range of 4-10 ng/mL, a range which is said to be a
“grey zone” where there is a dilemma in differentiation
between benign and malignant prostatic diseases;
this dilemma has strengthened the necessity to
improve PCa specificity by developing, combining
and validating other diagnostic biomarkers with
consideration of the sensitivity.®! Consequently, the

clinical value of early detection of PCa has induced
the search of many novel PSA-based diagnostic
markers that might, singly or in combination, improve
discrimination between PCa and BPH leading to help
minimize the frequency of unnecessary and invasive
biopsies.!"”

The cell cycles of common human cells are tightly
controlled and coordinated by intra-and extracellular
signals, working in harmony and congruence to
appropriately regulate cell proliferation, deterioration
and apoptosis. As the combined signals of growth
and inhibition boost proliferation, the cell attains
mitosis.['""! Insulin-like growth factors (IGFs) are
important moderators of growth, development,
and survival. They are synthesized by virtually any
bodily tissue, and their action is accomplished by a
network of complex molecules, including binding
proteins, proteases and receptors, which all comprise
the IGF system.[' IGF-1 and IGF binding protein-3
(IGFBP-3) play a pivotal function in the regulation of
growth; controlling cellular proliferation and apoptosis.
Circulating IGF-1 binds to the IGF-1 receptor and
acts as a stimulus of signal transduction reactions,
promoting proliferation and increased survival of
cells. Such signalling components and reactions are
fundamental to the tumorigenesis processes.!"® The
IGFBPs family exists in six different types; all with
high affinity for IGF-1. IGFBP-3 is the superabundant
type that influences serum levels of IGFs and has
the highest affinity to IGF-1.0"1 Although IGFBPs are
mainly synthesized in the liver, they can be expressed
in many other normal and cancerous tissues such
as lung, breast, and ovarian cancers. IGFBPs may
impact carcinogenesis by various mechanisms. They
regulate bioavailability of circulating IGF-1/2 as well
as their activity and transportation mechanisms to
target tissues.!" In many types of cancers, IGF-1 and
IGFBP-3 have been related to tumor grade and stage
as well as disease progression.['® Most circulating
IGF-1 (99%) is bound to IGFBPs; less than 1% is
carried in the unbound state in the circulation. IGFBP-3
is the most abundant IGFBP in the circulation and is
produced by many types of cells, and is believed to
regulate the availability of IGF-1"8! by impairing IGF
action and inhibiting cell growth by blocking free
IGFs or through IGF-independent mechanisms.!'”]
Moreover, IGFBP-3 has been found to elevate levels
of the cell-cycle inhibitor p21/WAF1, leading to growth
arrest in PCa cells.['® Many studies have shown the
correlation between IGF-1 and PCarisk, and they have
demonstrated the inclusion of the IGF network in the
early stages of prostate carcinogenesis!'® and other
studies have found increased circulating IGF-1 and
decreased IGFBP-3 levels correlated with an excess
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risk of PCa development. However, in these studies,
PSA remains the best PCa predictor.?®! Another meta-
analysis research found a positive relation between
IGFBP-3 and PCa risk. However, the controversy
over the contradicted results of IGF-1 and IGFBP-3
in these studies has been attributed to many factors
such as race,?" study design and assay features.???

Chromogranin A (CgA) is a member of the granin
family, of 439 kDa glycoprotein, and exists in the
secretory dense-core granules that contribute to the
storage of peptide hormones and catecholaminein
all endocrine and neuroendocrine (NE) cells. Thus,
it can be released from NE cells in a heterogeneous
circulating molecular form and is considered one of the
most abundant components of secretory granules.?®
While its function is unknown, through previous
decades a growing body of evidence has suggested
that CgA is released in abnormal amounts by many
malignant NE cells, which may influence different
components of the tumor stroma and engage with the
regulation of tumor growth and progression. However,
increased blood CgA levels have been established as
a useful indicator in the diagnosis of many NE tumors,
but the use of this marker for clinical management is
still controversial.?*?* Therefore, research has been
dedicated to its prognostic and diagnostic importance,
but with little supporting evidence for its use beyond
common screening methods.®! Several studies
have reported that elevated CgA concentrations are
associated with high-grade and advanced stage
PCa. Some studies have indicated that increased
serum CgA exceeded PSA increase as a marker of
progression to hormone-refractory disease. Therefore,
it is possible to use CgA to monitor metastatic PCa
patients under androgen blockade.?® Some indicate
CgA utility in early diagnosis, particularly when used in
combination with free/total PSAratio,'? however, some
studies found that CgA does not precisely differentiate
malignant disease.?” Similar debate occurs regarding
CgA and tumor features?®! and CgA does not show
any advantage in the prognosis of PCa recurrence
after radical prostatectomy or radiotherapy.?
Inconsistencies may be attributed to the transient and
reversible process of neuroendocrine differentiation
(NED) in most malignant prostate tumors; thus, these
NE molecules are not constantly detectable.!®%"

This study is dedicated to evaluate the validity of
IGF-1, IGFBP-3, CgA and combination with PSA in
diagnosis of patients with localized and metastatic
PCa. The secondary objective was to compare the
advantage of these markers in differentiation of PCa
patients.

METHODS

This study included 72 patients with PCa (mean age
70.8 + 5.3 years), 70 BPH patients (mean age 69.5 +
7.3 years) and 56 healthy males (mean age 67.3 £ 7.2
years) were randomly recruited among the volunteers
of matched socioeconomic conditions and who did not
have any known significant disease. Full history and
clinical data were recorded for all subjects, and PCa
patients were classified into localized PCa (n = 54)
and metastatic PCa (n = 18). BPH and healthy male
individuals (n = 126) were grouped as control. Patients
with PCa underwent digital rectal examination, trans-
rectal ultrasonography, guided biopsy of the prostate,
computed tomography scanning of the pelvis, bone
scanning, and histopathological examination to assess
metastatic disease and determine disease stage.

Blood samples

A 10 mL blood sample was drawn in the morning after
overnight fasting from healthy subjects and one week
following digital rectal examination for patients with
prostatic diseases at the time of diagnosis.

Serums of blood samples were separated and stored at
-20 °C in a deep freeze until the date of analysis. Serum
levels of IGF-1, IGFBP-3, CgA, total (tPSA) and free
PSA (fPSA) were measured by chemiluminescence
ELISA technique IMMULITE, DPC (Diagnostic
Products Corporation, Los Angeles, CA, USA).

Statistical analysis

Serum concentrations of CgA, IGF-1, IGFBP-3, tPSA
and fPSAin addition to combination among parameters
were expressed as arithmetic mean and standard
deviation. Statistical analysis was accomplished by
using the statistical package IBM SPSS V20. Data
between the groups were compared and the statistical
significance of mean values was determined by
applying independent sample t-test and Mann-Whitney
test. The significance level was established at the P
value of < 0.05. The validity (sensitivity and specificity),
accuracy of each parameter and ratios thereof were
calculated by area under curve (AUC) in receiver
operating characteristics (ROC) curve analysis.

RESULTS

Atotal of 54 cases of localized PCa patients, mean age
70.3 £ 6.3 years, and 18 metastatic patients, mean age
71.1 £ 5.5 years, were grouped as PCa patients with a
mean age of 70.8 £ 5.3 years (P > 0.05). Seventy BPH
patients, mean age 69.5 + 7.3 years, and 56 healthy
male individuals, mean age 67.3 £ 7.2 years, were also
included as a control group with a mean age of 68.3 +
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6.5 years (P > 0.05) as represented in Table 1.

Serum tPSA levels were significantly higher in the PCa
group, 34.3 + 21.1 ng/mL, as compared to the control
group, 2.8 £ 1.9 ng/mL (P < 0.005) [Table 1], and
the study showed significant differentiation between
localized and metastatic PCa. Similarly, the f/tPSA
ratio exhibited a significant difference among control,
localized and metastatic PCa groups (P < 0.005, Table
1; Figure 1A and B). Surprisingly, while serum IGF-1
level showed no statistical difference between studied
groups, as it represented 155.0 + 44.2 ng/mL in PCa
group compared to 148.4 + 36.1 ng/mL in control group
(P> 0.05) [Table 1 and Figure 1C], its combination with
tPSAas IGF-1/tPSAratio could differentiate significantly
between PCa, 148.4 + 36.1, and control groups, 64.8
1 22.3 (P < 0.005) [Table 1 and Figure 1C]. Similarly,
mean serum IGFBP-3 and CgA did not statistically
differentiate between the PCa and control groups, as
IGFBP-3 represented 3,052 + 319 ng/mL and 3,154 +
371 ng/mL in PCa and control groups respectively (P <
0.05, Table 1 and Figure 1D) and CgArepresented 65.4
1 30.3 ng/mL and 62.1 £ 29.8 ng/mL in PCa and control
groups respectively (P < 0.05, Table 1 and Figure 1D).
On the other hand, statistical significance was noted
for their ratios with tPSA, (IGFBP-3/tPSA and CgA/
tPSA ratios), in distinguishing PCa and control groups
(P < 0.005, Table 1 and Figure 1E).

The validity (sensitivity and specificity), and accuracy
of each parameter for prediction of PCa occurrence
were calculated by AUC in ROC curve analysis of

prediagnostic serum concentrations of tPSA, fPSA,
IGF-I, IGFBP-3, and CgA and ratios thereof, for 72
patients with PCa and 126 control individuals. The AUC
for tPSA, IGF-I, IGFBP-3, and CgA was 0.83, 0.58,
0.55 and 0.56 respectively. The AUC for fAPSA, IGF-
1tPSA, IGFP-3/tPSA and CgA/tPSA was 0.76, 0.85,
0.86 and 0.74, respectively. Thus, the combination
of PSA with, IGF-1, IGFBP-3, and CgA improved the
sensitivity, specificity and diagnostic accuracy for PCa
patients [Table 2 and Figure 2].

DISCUSSION

The successful treatment of PCa depends on
detection of the disease at its earliest stages. Since
PCa is a heterogeneous disease, there is a need
for supplementary biomarkers that add useful
information and correctly prognosticate the existence
and progression of PCa to eliminate unnecessary
invasive biopsies and aggressive diagnostic tools,
decrease morbidity rates, and reduce unnecessary
expenses. Thus, many prospective PCa biomarkers
will continue to develop and expand to improve and
provide more diagnostic information and supplement
PSA testing. A diversity of diagnostic and prognostic
markers had been explored in different body fluids and
tissue samples, although their clinical use still need
further validation. The ideal PCa biomarkers should
be prostate specific, readily detectable in the body
fluids, reproducibly measured and analysed, and can
effectively differentiate among normal, benign and
cancerous prostatic diseases as well as have cogent

Table 1: Serum levels of selected parameters in study population (mean + SD)

Parameter Control groups : PCa grou?s Pvalue
BPH Healthy Total Localized Metastatic Total
Number (n) 70 56 126 54 18 72 =
Age (year) 69.5+7.3 67.3+7.2 68.3+6.5 70.3+6.3 711 +55 70.8+5.3 >0.05
IGF-1 (ng/mL) 149.8 + 35.6 146.5 + 37.4 148.4 + 36.1 154.3 + 44.2 157.6 + 47.7° 155.0 + 44.2° > 0.052
IGFBP-3 (ng/mL) 3,125 + 372 3,174 + 363 3,154 + 371 3,082 + 311 2,925 + 346° 3,052 + 319° z 882:
CgA (ng/mL) 62.3 +27.6 61.9 + 30.3 62.1+29.8 64.0 + 29.6 67.6 + 33.9° 65.4 + 30.3° 2 8182:
tPSA (ng/mL) 3.7+20 1.6+0.8 28+1.9 27.8+15.4 52.3 + 22.6° 34.3+21.1° <>09i)0055:
f/tPSA 0.24 + 0.02 0.28 + 0.03 0.26 = 0.02 0.15 + 0.02 0.11 £ 0.01* 0.13+0.02° : 8882:
IGF-1/tPSA 49.7 £ 17.6 102.8 + 37.1 64.8 +£22.3 6.7 2.9 4.1 +24° 4927 : 8882:
IGFP-3/tPSA 893 + 352 1,710 + 524 1,310 + 422 253 £ 197 186 + 164° 212 + 178" <>0(59005§‘b
CgA/tPSA 146 +5.4 24.7 +9.6 20.3+8.5 3.1+2.1 22+1.6° 28+20° <>0(59005€Z‘h
IGF-1/fPSA 348 + 196 372 + 228 364 + 221 326 + 216 296 + 185° 311 +201° <>O(5.00055:
IGFBP-3/fPSA 3,727 +1,739 3918+1,865 3,811+1,788 3,395+2,216 3,210+1,984* 3,304 +2,107° ; §§§:
> U,

SD: standard deviation; PCa: prostate cancer; BPH: benign prostatic hyperplasia; IGF-1: insulin-like growth factor-1; IGFBP-3: IGF binding
protein-3; CgA: chromogranin A; tPSA: total prostate specific antigen; f/tPSA: free/total prostate specific antigen; *: comparison between the
localized and metastatic in PCa groups; °: comparison between total PCa groups and control groups
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correlation to clinical data.l>'"!

In the present study, serum tPSA and f/tPSA were
significantly higher in the PCa than in the control
groups and they can significantly be influenced by the
tumor metastasizing. IGF-1 serum level was slightly
increased and IGFBP-3 level was slightly decreased
in patients with PCa, but they did not differentiate
between PCa patients and control individuals; thus,
no association of PCa risk were observed with
prediagnostic serum concentrations of IGF-1, IGFBP-3
which may be attributed to the function of IGFBP-3 as
a substrate for PSA. This is a member of the kallikrein
family of serine proteasef'! and it is assumed that
rising PSA levels during the natural history of PCa
enhances the disease progression by proteolytically
cleaving IGFBP-3, thereby increasing the amount of
bioavailable IGF-1.%2 Previous study on Arab males

indicated that IGF-1 and IGFBP-3 reached their peak
levels during adolescence and gradually lowered
with age.®¥! IGFBP-3, the most prevalent form of the
IGFBPs, has been linked with prostatic growth. About
75% of IGF-1 is bound to IGFBP-3, while 20-25% is
bound to the other binding proteins (IGFBP-1, 2, 4
and 5), and less than 1% is carried in the unbound
state in the circulation.l'® Therefore, relative IGFBP-3
concentrations may affect serum and likely prostatic
tissue levels of IGF-1. Importantly, although the IGFBP-
3-IGF-1 complex is a high molecular weight protein
that cannot diffuse into tissues, complexes of IGF-1
and other IGFBPs have a lower molecular weight and
can traverse the capillary membrane into tissues.[':34
Consequently, a decline of IGFBP-3 levels may give
rise to an intension bind of IGF-1 to other IGFBPs,
high diffusion into tissues, and an elevated tissue IGF-
1 levels, leading to increased prostatic growth. Some
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Figure 1: (A) Mean levels of tPSA in PCa and control groups; (B) mean levels of f/tPSA ratio in PCa and control groups; (C) mean levels of
IGF-1, IGF-1/tPSA and IGF-1/fPSA ratios in PCa and control groups; (D) mean levels of IGFBP-3, IGFBP-3/tPSA and IGFBP-3/fPSA ratios
in PCa and control groups; (E) mean levels of CgA and CgA/tPSA ratios in PCa and control groups. tPSA: total prostate specific antigen;
PCa: prostate cancer; ftPSA: free/total prostate specific antigen; IGF-1: insulin-like growth factor-1; IGFBP-3: IGF binding protein-3; CgA:

chromogranin A
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Figure 2: Validity (sensitivity and specificity) of parameters for
prediction of future PCa occurrence, estimated by AUC. PCa:
prostate cancer; AUC: area under curve; IGF-1: insulin-like growth
factor-1; IGFBP-3: IGF binding protein-3; CgA: chromogranin A;
tPSA: total prostate specific antigen; f/tPSA: free/total prostate
specific antigen

Table 2: Validity* of selected markers in PCa detection

Parameter AUC 95% CI P value
IGF-1 0.58 0.51-0.66 > 0.05
IGFBP-3 0.55 0.48-0.63 > 0.05
CgA 0.56 0.49-0.64 > 0.05
PSA 0.83 0.76-0.90 < 0.005
fAPSA 0.76 0.69-0.83 < 0.005
IGF-1/tPSA 0.85 0.78-0.92 < 0.005
IGFP-3/tPSA 0.86 0.79-0.93 < 0.005
CgA/tPSA 0.74 0.67-0.82 < 0.05
IGF-I/fPSA 0.55 0.48-0.63 > 0.05
IGFBP-3/fPSA 0.57 0.49-0.64 > 0.05

*Validity (sensitivity and specificity) for prediction of PCa
occurrence, estimated by AUC in ROC curve analysis of
prediagnostic serum concentrations of tPSA, fPSA, IGF-I, IGFBP-3,
and CgA and ratios thereof, for 72 patients with PCa and 126
control subjects. PCa: prostate cancer; ROC: receiver operating
characteristics; AUC: area under curve; BPH: benign prostatic
hyperplasia; IGF-1: insulin-like growth factor-1; IGFBP-3: IGF
binding protein-3; CgA: chromogranin A; tPSA: total prostate
specific antigen; f/tPSA: free/total prostate specific antigen

previous studies revealed that elevated concentrations
of IGF-1 may increase the risk of some cancers,>%
but results with respect to PCa have been discordant
with other reports which revealed null associations
similar to present study.®’3® As with the results of
IGF-1 and IGFBP-3, although there was no statistical
difference between CgA levels of PCa patients and
control groups, CgA was slightly increased in patients
with PCa than control groups. CgA is an excellent
indicator of NE cells and of NED in PCa either in tissue
or serum. The detection of CgA in the blood of patients
with PCa indicates a NED, either of a primary tumour
or an association with metastases.®® Tumors with NE
features have displayed more aggression and are
more resistant to hormone therapy.?®

Some studies have claimed that CgAis an independent
prognostic marker for PCa,“? while others have
conflicted with these findings.?*#" No PCa predictive
values were seen for IGF-1, IGFBP-3 or CgA; AUC

were 0.58, 0.55 and 0.56, respectively. Similarly, some
earlier reports found disappointing results for these
biomarkers.*? Although the negative findings of the
present study regarding IGF-1, IGFBP-3 or CgA serum
levels in differentiating between the PCa and control
groups; are notable, analysing the combination of these
markers with PSA either in the PCa and control groups
revealed that their combinations with serum tPSA
level, (IGF-1tPSA, IGFBP-3/tPSA and CgA/tPSA)
were differentiated significantly among PCa, BPH
patients and healthy individuals. These combinations
could, potentially, effectively distinguish PCa patients
from non-malignant individuals. Also, IGF-1/tPSA ratio
can significantly differentiate between localized and
metastatic PCa. Moreover, in our study, the ratios
of IGF-1/tPSA and IGFBP-3/tPSA (AUC of 0.85 and
0.86, respectively) improved cancer detection, in
comparison with PSA or f/tPSA ratio, (AUC of 0.83 and
0.76 respectively). Thus it would seem that circulating
IGF-1 and IGFBP-3 concentrations are unlikely to be
useful in differentiating patients with BPH from those
with PCa, but their combinations with serum PSA level
(IGF-1/PSA and IGFBP-3/PSA ratios) have improved
the validity and correlation with the progression and
clinical course of the disease. The strong correlation
between the defective regulation of the IGF network
and prostate carcinogenesis has been investigated
previously by measurement of another member of the
IGF family, IGF-2, in patients with PCa and BPH. Also
no significant association was found between PSA and
IGF-2 levels. However, the combination of PSA and
IGF-2 improved the prognosis and discrimination of
PCa and BPH.*!

The successful treatment of PCa depends on detection
of the disease at its earliest stages. There is significant
evidence for some novel PCa biomarkers to overcome
the limitations of PSA; identifying these markers will
allow more appropriate screening for early disease.
However, few biomarkers have been appropriately
validated and/or involved in clinical approach. To date,
conflicting and insufficient data have indicated that there
is still no biomarker likely to attain the desirable level
of sensitivity and specificity. Potentially, combining use
of biomarkers may improve the diagnostic accuracy of
PCa which would impact treatment outcome.

In conclusion, although circulating IGF-1, IGFBP-3 and
CgA are unlikely to be useful in differentiating healthy
individuals or patients with BPH from those with PCa,
or in identifying PCa metastasis, the combination of
IGF-1 and IGFBP-3 with PSA has improved the overall
sensitivity, specificity and diagnostic accuracy of PSA
for prediction of the disease. Further prospective
studies are needed concerning the correlation of
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these serum markers and the aggressiveness of the
PCa, either in terms of the pathological stage or of the
Gleason score.
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