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ABSTRACT

The current study was applied to evaluate the significance of serum Prostate- Specific Antigen (PSA) as a screening
tool for the PCa and the role of percent free - to- total PSA ratio in the discriminating between BPH and PCa.
Prostatic biopsies and blood were collected from (62) patients aged between (50-89) years. Eleven healthy men with
negative digital rectal examination, (median age, 60.6yr) were enrolled in this study as a control group. The common
diseases encountered were BPH (59.7%), BPH with prostatitis (19%), adenocarcinoma (17.7%), and transitional cell
carcinoma (3.2%). 54% of BPH cases had tPSA level < 4 ng/ml as well 13.5% of them having tPSA>10, while 15.3%
of malignant cases had tPSA level < 4 ng/ml and 84.7% of them having tPSA>10. The statistical analysis showed a
significant difference between (BPH and PCa); (PCa and control cases) and (prostatitis and control) in regard to
tPSA. Regarding to % cPSA the entire case of PCa showed levels >60% aligned with only 75%, 27%, 16% in
prostatitis, control and BPH groups successively. The mean comparison showed statistically significant differences
between the PCa patients and control cases and between prostatitis and control cases, while no significant differences
between BPH and control group. Regarding to % FPSA, 53.8 % of PCa cases showed <15, along with 16.6 % of
prostatitis showed <15, while no cases of both BPH and control revealed FPSA <15. Comparison of the means showed
a statistically large difference between the (PCa and BPH), (PCa and control) and (prostatitis and control) cases.
While no significant differences between (BPH and control) cases. In conclusion, combinational use of tPSA with
other molecular forms of PSA especially proportion of FPSA provide higher diagnostic and differentiative accuracy
than the tPSA alone.
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INTRODUCTION guide screening protocols (Stacy.et al., 2012).
PSA is present in serum in several different
molecular forms, all of which are enzymatically
inactive. These forms can be classified into two
general categories: complexed PSA (i.e. bound
to serum protease inhibitors) and free PSA (i.e.
unbound, inactive PSA) (Lilja et al., 2000). A
major portion of PSA exists in circulation as a
complex with ay-antichymotrypsin (PSA-ACT)
and op-macroglobulin  (PSA-A2M). Trace
amounts of ay.antitrypsin can also be found. Any
remaining PSA is in the free form (FPSA)
(Christensson et al., 1993; Jung et al., 2000).

Benign enlargement remains the most
common cause overall for raised PSA higher
levels. Surgery such as transurethral resection of
prostate (TuRP) and less invasive laser
treatments can reduce and complicate the
interpretation of PSA and PSA kinetics (Modi et
al., 2010).

Levels of 4.0 ng/ml or higher are strong
indicators of the possibility of PCa (Catalona et
al., 1993). However, elevated serum PSA levels
have also been attributed to BPH and prostatitis,
leading to a large percentage of false positive

enign prostatic hyperplasia (BPH) and

Prostate cancer (PCa) are common in
elderly men. Although they may coexist within
the prostate, they appear to share risk profiles,
making it difficult to elucidate the independent
role, if any, of BPH in PCa etiology ((Jemal et
al., 2005; Hsing and Chokkalingam, 2006). In
1986, prostate specific antigen (PSA) testing was
approved by food and drug administration
(FDA) as a tool for monitoring PCa treatment
and, in 1993 approval was extended for its use in
detecting PCa in men aged over 50 years.
Prostate specific antigen is a glycoprotein (a
serine protease ) produced solely by the prostate.
Its function is to liquefy semen, small amounts
leak into the bloodstream, where it can be
measured. PSA is the most important biomarker
for diagnosing and monitoring of PCa (Magklara
et al., 1999, Mitchell et al., 2008, Brett, 2011).
Baseline PSA measurements at a young age are
significant predictors of later PCa diagnosis and
disease-specific outcomes. Thus baseline PSA
testing may be used for risk stratification and to
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screening results (Catalona et al., 1991). A
potential solution to this problem involves the
determination of FPSA levels (Bangma et al.,
1995). Preliminary studies have suggested that
the percentage FPSA is lower in patients with
PCa than those with BPH (Lilja et al., 1991).
The proportion of PSA-ACT is increased in PCa
(Jung et al., 2000). Thus, the measurement of
free serum PSA in conjunction with total PSA
(tPSA), can improve specificity of PCa
screening in selected men with elevated serum
tPSA levels, which would subsequently reduce
unnecessary prostate biopsies with minimal
effects on cancer detection rates (Etzioni et al.,
2004). This study was designed to 1) measure
and evaluate the serum total, free and complexed
PSA in a group of men with BPH, PCa and
prostatitis and comparison of their means in
different prostatic disorders, 2) assess the
prevalence of PCa in the studied sample.

PATIENTS AND METHODS

This study was carried out during the period
from January 2007 to October 2007. The total
number of patients and healthy men enrolled was
(73). Sixty two men, aged 50-89 yr (median
age.68.8 yr) with BPH, PCa and prostatitis were
studied as a patient group. Eleven healthy men
(who were not complaining from any of prostatic
disorders and having negative digital rectal
examination (DRE)) aged 46 -75 (median age,
60.6yr) were enrolled in this study as a control
group. All cases were collected from both
Tooimalek Private Hospital and Department of
Urology at the Sulaimani Teaching Hospital.
The present study includes the estimations of
free and total serum PSA in both patients and
control groups.
Blood samples and serum preparation

The majority of blood samples and prostatic
biopsies were collected from the patients at the
hospital prior to treatment, whereas blood
samples from control cases were collected at the
time of interview. From each cases of 62 patients
and 11 control, about 5ml of venous blood was
collected in non - anticoagulated tube and
allowed to clot for 20-30 minutes at 37Ce then
centrifuged at 2500-3000 rpm for 10 minutes,
the sera were frozen at (-30 to -35Ce).
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Estimation of serum prostate specific antigen

level

Frozen sera were thawed once for the analysis
of TPSA and FPSA. The concentrations of
TPSA and FPSA was measured by an
immunofluorometric assay procedure using
VIDAS ® systems from (bioMerieux Vitek,

Inc.ltalia, S.P.A model 12; serial no. V1211360)
and by using VIDAS (TPSA) kit (REF No 30
428) and VIDAS (FPSA) kit (REF No0.30 440)
both kits are intended for use with a VIDAS
instrument as an automated enzyme-linked
fluorescent immunoassay (ELFA) for the
guantitative measurement of PSA in human
serum according to the instructions of the
manufacturers. The % FPSA were calculated
using the formula below (as described in the
assay kit):

% FPSA= FPSA conc./TPSA conc. X 100
Also the percentage CcPSA to tPSA was
calculated using the formula:

% ¢ PSA=c PSA conc. / TPSA conc. X 100.
The following working operational definitions
were used to calculate sensitivity, specificity and
PPV (kumar, 2004)

Sensitivity =TP/TP+FN Specificity
=TN/FP+TN PPV =TP/TP+FP
As: True Positive (TP) = Histologically

malignant with serum PSA level >4,>10 and

>50 ng/ml respectively.

True Negative (TN) = Histologically not
malignant, with serum PSA level <4, <10

and < 50 ng/ml respectively.

False Positive (FP) = Histologically not
malignant but serum PSA level >4,>10 and

>50 ng/ml respectively.

False Negative (FN) = Histologically malignant
but serum PSA level <4, <10 and

<50 ng/ml respectively. (bioMerieux, 2007).

* Cut point values which are age-adjusted
reference intervals for tPSA and are established
to improve the ability of tPSA testing to detect
early PCa according to (Oesterling et al., 1993).
Three tPSA cut points were used (<4, 4-10 and
>10ng/ml). * Cut off levels for % FPSA: The
values that are optimized to differentiate PCa
from other benign prostate cases, thus reducing
the number of unnecessary biopsies, it was also
depended on three cut off levels (which included
<15%, 15-20 and >20) according to (Oesterling,
1995). * For better representation of the results
and in order to study the clinical usefulness of
tPSA in the present study three levels of tPSA
were used for comparison which are (>4 as
suggestive, >10 as indicative and >50 as
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diagnostic of malignancy respectively and are
expressed in percentages (Kumar,2004).
Histopathological studies

The clinical tissue specimens (biopsies) in this
study were obtained from patients who
underwent prostatectomy or by transurethral
resection of prostate (TURP), each tissue
specimen was fixed in 10% formalin, embedded
and 3-5 microns, thick sections were cut and
stained with Hematoxylin and Eosin (H&E)
stain, for histopathological diagnosis. (Kumar,
2004). The slides were examined and diagnosed
by three expert pathologists and the Gleason's
grade for each carcinoma case was established.

Statistical analysis

The obtained data were statistically analyzed
using the available software (STATIGRAPHIC
version.4) to compare the means of serum
parameters measured in both patients and the
control group by using the t-test.

RESULTS

Out of the 62 patients studied, 37 (59.7%) had
BPH, 13 (20.9%) of them had PCa and 12
(19.3%) had prostatitis. Among the malignant
cases 11 of them (17.7%) were found to be
adenocarcinomas, with average Gleason grade 4,
and 2 of them (3.2%) were found to be primary
transitional cell carcinoma. The relationship
between age groups and frequency of prostatic
disorders were shown in the table (1).

Table (1): Relation between age groups & frequency of the prostatic disorder

Age Class No. of cases (%0) No.of PCa(%) No.of BPH (%) No. of BPH
+Prostatitis (%)
50-59 4(6.4) 0 1(2.7) 3(25)
60-69 27(43.6) 4(30.7) 18(48.6) 5(41.7)
70-79 28(45.2) 7(53.9) 17(45.9) 4(33.3)
80-89 3(4.8) 2(15.4) 1(2.7) 0
Total No. 62(100) 13(100) 37(100) 12(100)

Histopathological studies

The histopathological studies of the prostatic
tissue in BPH cases demonstrated the
hyperplasia of Dboth prostatic glandular
(epithelial) and stromal elements. They consisted
of nodules of hyperplastic glandular tissue and
the acini were tortuous and papiliform growth of
epithelium into the lumen occurred in some of
them as well as the stroma was composed of
varying amounts of collagen and smooth muscle
fibers (Fig.1A)

The histopathological studies of PCa cases
demonstrated variation in the disruption of the
glands normal architecture with different degrees

of differentiation of the glands, which ranged
from well differentiated, moderately
differentiated and  poorly  differentiated
adenocarcenoma glands; with the absence of the
basal cell layer (Fig 1.B). The cytological
characteristics consisted of hyperchromatic,
enlarged nuclei with prominent nucleoli and
often variation in the nuclear-to-cytoplasmic
ratios as well as the ctoplasm was often slightly
blue-tinged or basophilic. A 5 basic Gleason
grade patterns was used to generate histologic
scores and the average Gleason grade was
established as 4 among the adenocarcenoma
cases.
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Figure 1: (A) Photomlcrographs of BPH stalned with H&E (XZOO) The hyperpIaS| of both prostatic
glandular (epithelial) and stromal elements. (B) Photomicrographs of poorly differentiated PCa,
stained with H&E (X200). The disruption of the glands normal architecture with poorly differentiated

adenocarcenoma glands; with the absence of the basal cell layer.

Serum tPSA and the correlation with PCa,
BPH and prostatitis

The results of the t PSA level in benign and
malignant prostatic cases are presented in table
(2). The statistical analysis showed a highly
significant differences between (PCa and BPH)
cases and between (PCa and control) cases at
levels of (P=0.00000006), (P=0.000075)

respectively. At the same time, a significant
difference was noted between: control and BPH
cases at the 95.0% confidence level, between
Prostatitis and control, BPH, and PCa cases
(P=0.04917), (P-value =0.00013), (P=0.011401)
and (P=0.00083) respectively at the 95.0%
confidences level.

Table (2): Shows the serum t PSA level in benign and malignant prostatic cases.

t PSA ng/ml Total (%0) PCa No. (%) BPH No. Prostatitis Control No. (%)
(%) No. (%)

<4 22(35.5) 2(15.4) 20(54) 0 1(100)

4-10 17(27.4) 0 12(32.4) 5(41.70 0

>10 23(37) 11(84.7) 5(13.5) 7(58.3) 0
Total Ne (%) 62(100) 13(100) 37(100) 12(100) 11(100)
t-test comparison P-values 0.000075** 0.04917* 0.00013** 95.0% confidence
of means level

Percent FPSA in correlation with benign and
malignant cases

Table No. 3 demonstrate that the majority of
PCa cases (53.8%) showed serum % FPSA
values <15, while (100%) of the (control and
BPH), and (83.3%) of prostatitis showed serum
%FPSA values >20. Comparison of the means in
regard to % FPSA showed statistically
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significant differences between the PCa cases
and (BPH, Prostatitis, and control cases),
(P=0.00) at the level 95.0%, (P= 0.00012) and
(P= 0.00) respectively and  between
BPH+.Prostatitis and control cases (P=0.01640).
While the comparison of the means of both BPH
and control showed no statistically significant
differences (P = 0.952) at the level of 95.0% .
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Table (3): Shows the distribution of serum %FPSA cutoffs in different studied cases

%FPSA cutoff PCa BPH BPH+ Prostatitis Control Total

<15% 7(53.8%) 0 2(16.65%) 0 9(12.3%)

15-20% 2(15.4%) 0 0 0 2(2.7%)

>20 4(30.7%) 37(100%)  10(83.3%) 11(100%) 62(85%)

Total 13 37 12 11 73(100%)

Means 15.7 48.6 36.04 49.1

P-values 0.00 0.952 0.01640
Complexed PSA (cPSA) in malignant and The statistical analysis showed significant
benign cases differences between all the PCa and control

According to the results of the current study, cases (P=0.00); BPH+Prostatitis and control
the %CcPSA levels were classified into four  cases (P= 0.016) and between BPH+Prostatitis
categories (30-40; 40-50; 50-60; and >60) as in ~ and PCa cases (P=0.00017), whereas the
table (4). This table showes the distribution of ~ comparison between BPH and control cases
serum %c PSA levels in different studied  showed no statistically significant differences at

groups. the 95.0% confidence level with (P= 0.965).
Table (4): Distribution of serum %c PSA levels in different studied groups
%CPSA PCa % BPH% BPH+ Control% Total
categories Prostatitis%o
30-40 0 3(8) 0 3(27.2) 6(8.2)
40-50 0 14(37.8) 2(16.6) 2(18.2) 18(24.6)
50-60 0 14(37.8) 1(8.3) 3(27.2) 18(24.6)
>60 13(100%) 6(16.2) 9(75) 3(27.2) 31(42.5)
Total 13(100%) 37(100%) 12(100%) 11(100%) 73(100%)
P-values 0.00 0.9648 0.016460

Clinical usefulness of tPSA (suggestive, indicative and diagnostic of malignancy)

1- tPSA > 4 ng/ml as suggestive of malignancy was shown in table (5). 84.7% of malignant cases
had serum tPSA level > 4, which is suggestive of malignancy. While, 61% of benign cases showed
values > 4 ng/ml .

Table (5)- Suggestive of malignancy in regard to t PSA (> 4ng/ml)

tPSA level (ng/ml) Biopsy results Total
Malignant Benign

> 4 11 (84.7%) 30(61%) 41 (66%)

<4 2 (15.3%) 19(39%) 21 (34%)

Total 13(100%) 49 (100%) 62(100%)

2- tPSA > 10 ng/ml as indicative of malignancy:
84.7% of PCa cases had tPSA level >10 ng/ml which is indicative of malignancy, while only 24%
cases of benign diseases had serum tPSA level > 10 ng/ml (Table 6).

Table (6)- Indicative of Malignancy (>10ng/ml).

tPSA Level(ng/ml) Biopsy results Total
Malignant Benign

>10 11 (84.7%) 12 (24%) 23(37%)

<10 2 (15%) 37(76%) 39(63%)

Total 13 (100%) 49 (100%) 62 (100%)

3- tPSA >50 ng/ml as diagnostic of malignancy
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The serum tPSA level of >50 ng/ml, was demonstrated in 53.8% of the PCa cases and non in benign

cases (Table 7).

Table (7) - Diagnostic of malignancies (> 50 ng/ml).

tPSA level (ng/ml) Biopsy results Total
Malignant

>50 7(53.8%) 13 (100.0%)

<50 6 (46.2%)

Calculation of sensitivity and specificity and positive predictive values of tPSA values in PCa
The sensitivity, specificity and positive predictive values (PPV) of tPSA value were illustrated in table

No. (8).

Table 8- Calculation of sensitivity, specificity &PPV of t PSA values in PCa

Serum tPSA level Sensitivity Specificity Positive predictive
ng/ml value
0-4 50% 41% 6.2%
10-20 67% 85% 29%
20-50 75% 41.7% 22.2%
>50 88% 100% 100%
Percent FPSA in correlation with benign and % FPSA showed statistically significant

malignant cases

The majority of PCa cases (53.8%) showed
serum % FPSA values <15, whereas 16.6 % of
prostatitis showed % FPSA <15 while no cases
of BPH and control revealed % FPSA <I5.
Furthermore in cut off of >20, the result
indicated that 30.7 % of PCa cases had cutoff
>20%. While 83.3%, 100% and 100% of
prostatitis, BPH and control had cut off >20%
(Table 9). Comparison of the means in regard to

differences between the PCa cases and BPH
cases (P=0.00) at the level 95.0%, also between
PCa and control cases (P=0.00), prostatitis and
control cases (P= 0.0164) and between PCa and
prostatitis cases (P= 0.00012) .While the
comparison of the means of both BPH and
control group showed no statistically significant
difference (P = 0.952) at the level of 95.0%
(Table 9).

Table (9)-Distribution of serum %FPSA cutoffs in different studied groups.

%FPSA PCa Prostatitis BPH Control Total
<15% 7(53.8 %) 2(16.6 %) 0 0 9(12.3%)
15-20% 2(15.4%) 0 0 0 2(2.7%)
>20 4(30.7%)  10(83.3%)  37(100%) 11(100%) 62(85%)
Total 12 37 11 73 110%
Means 15.7 36.04 48.6 49.1
p-values 0. 01640 0.01640 0.0]0 0.952156
Complexed PSA (cPSA) in malignant and there was also a statistically significant

benign cases

According to the results of the current study,
%CPSA levels were classified into four
categories as shown in table (10). Therefore this
table showed the distribution of serum % cPSA
levels in different studied groups using t-test to
compare the means of % cPSA which showed
statistically significant differences between all
the PCa patients and control cases (P=0.00);
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difference between the means of Prostatitis and
control cases (P= 0.016) and between Prostatitis
and PCa cases (P=0.00017), whereas the
comparison of the means of both BPH and
control group showed no statistically significant
differences at the 95.0% confidence level with
(P=0.965).
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Table (10)- Distribution of serum %c PSA levels in different studied groups.

% ¢ PSA Types of studied groups Total

level PCa Prostatitis BPH Control n (%)

% % % %
30-40 0 0 3(8) 3(27,2) 6(8.2)
40-50 0 2(16.6) 14(37.8) 2(18.2) 18 (24.6)
>60 13(100) 9(75) 6(16.2) 3(27.2) 31(42.5)
Total 13 (100%) 12(100%)  37(100%) 11(100%)  73(100%)
p-values 0.00 0.016460 0.964891
DISCUSSION the present  project indicated a significant

The concept of measuring PSA in serum is
based on the fact that under normal conditions
each epithelial cell of prostate gland synthesizes
a certain amount of PSA, which maintains the
serum  concentration  (Oesterling,  1995).
Elevated levels of PSA can occur in men with
BPH, prostatitis, urinary tract infection or
prostatic infarction. Elevation also may occur
after prostate biopsy, aggressive DRE,
ejaculation, bicycle riding, physical exercise and
bicycle riding or postejaculation ( Modi et al.,
2010, Brett, 2011).

There is no doubt that PCa screening with PSA
will lead to detection and treatment of some PCa
that would not otherwise have been diagnosed
during the patient’s life time. The data of the
present study indicates a considerable difference
in the average of tPSA in different prostatic
disorders and 84.7% of PCa had elevated serum
tPSA level more than 10ng/ml, while only
53.8% of them had elevated tPSA value >50
ng/ml with sensitivity of 88% and specificity

100% and 100% positive predictive value. A
study performed in Ohio, USA by Gerstenbluth
et al., (2000) demonstrated that serum tPSA > 50
ng/ml was 98.5% accurate in predicting the
presence of prostatic carcinoma in tissue biopsy
which supports the findings of the present study.
Prostatitis is a broad term used to describe
inflammation of the prostate and include a
heterogenous group of infectious and
noninfectious disorders, most of which are not
sufficiently evaluated with regard to the
determination of their causes. It is important to
realize that inflammation and infection of the
prostate can significantly elevate serum PSA and
yield a low %FPSA ratio (unlike the high ratio
found more commonly in PBH), this elevation of
PSA may be caused by inflammatory changes
within the prostate architecture, leading to false-
positive readings and potentially unnecessary
biopsies (Potts and Payne, 2007). The data from

increase in the level of tPSA and remarkable
lowering of %FPSA in patients diagnosed as
having BPH and prostatitis, also the results
highlighted that all cases of BPH with prostatitis
have tPSA values >4 ng/ml and 58% of them
have values >10. Theoretically, the occurrence
of the various PSA molecular forms in serum
allows for better differentiation between PCa
and BPH. The tPSA serum test has contributed
to earlier detection, however, the majority of
moderately elevated tPSA levels are attributed to
BPH, often resulting in unnecessary biopsies
(Oesterling, 1995). Free PSA normally comprise
10-35% of the total PSA in serum, and it is not
bound to serum proteins (Jung et al., 2000).
Percent FPSA may be related to biologic activity
of the tumor. The ratio of free- to- total PSA or
%FPSA in serum have been reported to be
significantly higher in individuals with BPH
than in PCa patients, even at PSA concentrations
10 ng/ml, where the measurement of tPSA fails
to discriminate efficiently between the two
clinical conditions (Magklara et al., 1999).

In the present study the percent of FPSA was
expressively lowered in patients with PCa
compared to the BPH patients and the cut-off of
15-20% could play a useful discriminative role.
The value of the % FPSA cut point depends on
factors such as the incidence PCa in the
population, the prostate biopsy technique, the
patient's age, PSA level, prostate volume, the
biochemical method used for determination of
both free PSA and total PSA, and even the
patient’s race (Catalona et al., 1997).

Complex PSA can be found by subtracting free
from total (Zhang et al., 1997; Jung et al., 2000).
Several studies have addressed whether cPSA or
%FPSA (ratio of free to total) are more sensitive
and specific than tPSA. In this study, all cases of
PCa showed % c PSA levels >60 compared to
the control and showed statistically significant
differences, while there was no statistically
significant difference between the means of
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cPSA in both BPH and control at the 95.0%
confidence level. In conclusion combinational
use of tPSA with other molecular forms of PSA
especially proportion of FPSA provides a higher
diagnostic and differentiative accuracy than the
tPSA alone.
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