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ABSTRACT

Background: Prostate cancer is one of the most common cancers in men,
worldwide. Many markers are suggested for prostate cancer with different specificity
and sensitivity.
Objectives : This study is aimed is to examine the possible utility of prostate-specific
antigen indices as markers of prostate cancer.
Methods: A case-control study was conducted in the Department of Chemistry and
Biochemistry, College of Medicine, Al-Nahrain University, Baghdad, Iraq from July
2018 till March 2019, includes 84 subjects divided into three groups: twenty-four
patients with prostate cancer (PCA), thirty patients with benign prostatic
hyperplasia (BPH) and thirty healthy subjects as a control group were examined in
this study. Blood samples from all participants were collected, and before obtaining
a prostatic biopsy from patients. Serum prostate-specific antigen (PSA) and free
prostate-specific antigen (fPSA) levels were quantified by the ELISA technique.
Results: PSA cut-off value was found to be more than 9.57 ng/ml for PCA patients,
values range between 3.17–9.57 ng/ml for BPH patients and cut-off value for control
was found to be less than 3.17 ng/ml, while serum (fPSA/PSA)% cut-off value was
less than 11.1% for PCA patients, values range between 11.1%—31 % for BPH
patients, and cut-off value was greater than 31% for the control group.
Conclusion: There is a highly significant difference in serum PSA levels and
(fPSA/PSA)% between the PCA and control groups. Body mass index showed an
inverse association with the risk of prostate cancer.

Keywords benign prostatic hyperplasia, body mass index, free prostatespecific antigen,
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INTRODUCTION

Prostate cancer is the leading cancer death inmen, it rates varymore than 25-foldworld-
wide, with the highest rates in North America, Western and Northern Europe, Australia,
and New Zealand. There are also relatively high rates in the Caribbean, South America, and
South Africa and lower rates across Asia and Eastern Europe.1

According to the Annual Report of Iraqi Cancer Registry in 2016; the prostate cancer
incidence rate of cases in 2016 shows that the highest percentage and incidence for top ten
cancers in 2016 in both genders was among the breast cancer and the lowest was among the
prostate cancer with incidence rate accounts for 4.1 incidence rate (per 100,000 population)
of top ten cancer in the male in Iraq in 2016.2 According to recent studies, PSA fails to con-
sider as an accurate PCA predictive biomarker (limited by poor specificity). Themain prob-
lem is the hurdles in differentiation between BPH and prostate cancer, it is Prostate tissue-
specific and not prostate cancer-specific biomarker test so, a substantial interference in PSA
values between cancerous and non-cancerous individuals.3 Considerable efforts have been
made to find new biomarkers for the accurate diagnosis of prostate cancer.4

Results of numerous studies have been conducted on the relationship between BMI and
PCa was associated with the risk of prostate cancer have not been consistent.5 According
to the World Health Organization, the BMI was divided into six categories.6 This research
aims to measure the PSA indices in patients with Prostate Cancer and Benign Prostatic
Hyperplasia.

METHODS
Study design and participants

This case-control study was conducted from August 2018 till February 2019. patients
who were recruited to Al-Imamain AL-Kadhimain Medical City, Al- Shahid Ghazi Al-
Hariri Specialized Surgery Hospital/ Urology Consultation Unit, Al-Amal National Hos-
pital for Cancer Management in Baghdad city. The study includes 84 samples divided into
three groups:

• Twenty four patients with prostate cancer (PCA).
• Thirty patients with benign prostatic hyperplasia (BPH).
• Thirty healthy subjects (as control group).

The age was ranged between 50- 81 years old. The patients with prostate cancer and benign
prostatic hyperplasia were included in the current study; while patients with prostatitis, sex-
ually transmitted infections, patients with chronic renal failure, Patients on finasteride or,
dutasteride therapy for the prostatic disease were excluded. A blood sample was aspirated
using disposable syringes in the sitting position. The blood is discharged slowly into plain
disposable test tubes without anticoagulant, until it clot for 15 minutes at room tempera-
ture, then centrifuged at 1000x g for 10 minutes. Serum PSA and free PSA were estimated
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by using the ELISA technique. FPSA% levels were calculated according to the following
equation (fPSA / total PSA)X 100,7 BodyMass Index (BMI)was calculated using the below-
mentioned equation. According to the World Health Organization, the BMI was divided
into six categories.6

BMI = (Weight in Kg)
(Height in m)2

Statistical analysis

The results obtained in this study were expressed as mean±SEM, and statistical compar-
isons were conducted with the use of independent t-test for comparing two independent
groups (patients and controls). Analysis of variance (ANOVA) test for comparison among
more than 2 groups using Tukey HSD post-Hoc test to assess the significant differences
between studied subgroups; considered p<0.05 as statistically significant. The Pearson cor-
relation test tested correlations among all studied parameters, and all statistical analyses
used in this study were carried out by using the IBM SPSS Statistics for Windows, Version
20.0 (Armonk, NY: IBM Corp). The normality of distribution was checked using Shapiro-
Wilk and Kolmogorov- Smirnov tests.

Receiver operating characteristic (ROC) analyses were accomplished as a comprehen-
sive way to determine the accuracy of the markers used in this study. In ROC analysis, the
area under the curve (AUC) can be considered as a powerful statistical tool for comparing
different biomarkers given the value of AUC that becomes closer to one indicates that the
parameter can be considered as an excellent diagnostic and predictive biomarker, a curve
obtained in this statistical analysis may indicate the significance of themarker. So, the curve
of a parameter that lies close to the diagonal (AUC=0.5) shows no diagnostic importance.
An AUC value that is closer to one is always coupled with sensitivity and specificity satis-
factory values.8

RESULTS

There was a significantly high difference (P <0.001) among all study groups regarding
serum PSA and (fPSA/PSA) % levels. Prostate-specific antigen shows a very highly signifi-
cant increase (P1<0.001; P3<0.001) between Prostate Cancer group in comparison with the
both control group and Benign Prostatic Hyperplasia group respectively, while there was no
significant difference (P2=0.859) between Benign Prostatic Hyperplasia group versus the
control group as shown in Table 1. There was a very high significant decrease (P1<0.001)
(P3<0.001) in (fPSA/PSA) % values between Prostate Cancer group in comparison with the
control group and Benign Prostatic Hyperplasia groups respectively; in contrast, no signif-
icant decrease (P2= 0.416) was found between Benign Prostatic Hyperplasia group against
the control group (Table 1).

The mean±SEM of BMI in (kg/m2) for Prostate Cancer group was 25.49±0.62,
and 28.28±0.80 for Benign Prostatic Hyperplasia group, while for control group it was
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27.81±0.47 kg/m2. A highly significant difference (P ≤ 0.01) was found between all study
groups. A high significant difference was found between the control group and patients
groups (BPH and PCA); a significant difference (P1=0.016) was found between Control
group versus Prostate Cancer group, as well as between Prostate Cancer group versus
Benign Prostatic Hyperplasia group (P3=0.004) while no significant difference (P2=0.599)
was found between Control group versus Benign Prostatic Hyperplasia group, as shown in
Table 1.

The mean±SEM of age in years for the control group was 53.40±0.68, and 64.77±1.56
for BenignProstaticHyperplasia group, while 70.17±1.38 for ProstateCancer group respec-
tively (Table 1).

Table 1 Anthropometric and biochemical characteristics of control and patients groups.

Characteristic PCA
(n=24 )

BPH
(n=30 )

Control
(n=30 )

P P1 P2 P3

Age (years) 70.17±1.38 64.77±1.56 53.40±0.68 <0.001†HS <0.001€HS <0.001€HS 0.004€HS

BMI (kg/m2) 25.49±0.62 28.28±0.80 27.81±0.47 0.010†HS 0.016€HS 0.599€NS 0.004€HS

PSA (ng/ml) 124.12±21.195.12±0.50 2.57±0.11 <0.001†HS <0.001€HS 0.859€NS <0.001€HS

(fPSA/PSA)% 11.00±1.39 26.71±2.42 24.45±1.90 <0.001†HS <0.001€HS 0.416€NS <0.001€HS

n: number of cases; †: One way ANOVA; €: post hoc LSD test; HS: highly significant at P ≤0.01; NS: not
significant at P ≤0.05; S: significant at P ≤0.05; P1: P-value for control vs carcinoma; P2: P-value for control
vs BPH; P3: P-value for carcinoma vs BPH.

To compare the validity measurement among all the biomarkers and specify the most
suitable cut-off value for each biomarker, a receiver operating characteristic (ROC) curve
was established. This was applied to locate the most viable biomarkers as a panel of per-
formed biomarkers tool for participating in the detection of Prostate Cancer.

The validity indicators such as sensitivity, specificity and area under curve (AUC) for the
present diagnostic biomarkers; serum PSA and (fPSA/PSA) %, based on receiver operating
characteristic (ROC) curve (Figure 1) were calculated and illustrated in Table 2.

Regarding PCA group versus non-cancerous subjects, including BPH group and healthy
men group as the selection of control subjects in this study were done by choosing healthy
men with normal serum PSA level. Thus, according to ROC curve of serum PSA level, the
cut-off value >9.57 ng/ml optimally identified the patients with Prostate Cancer from those
who are non-cancerous; at this cut-off value the sensitivity was 87.5%, specificity was 100%,
and the area under curve AUC was 0.983. A very highly significant increase (P <0.001)
was found between Prostate Cancer group versus non-cancerous group. Regarding serum
fPSA/PSA% level, the cut-off value ≤11.1 optimally identified the patients with Prostate
Cancer from those who are non-cancerous; at this cut-off value the sensitivity was 75%,
specificity was 98.33%, and the area under curve AUC was 0.888. A very high signifi-
cant decrease (P <0.001) was found for Prostate Cancer group versus non-cancerous group
(Table 2).

As shown in table (3) and figure (2), regarding BPH group versus control group, based
on ROC curve of serum PSA level, the cut-off value >3.17 ng/ml optimally identified the
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Table 2 Cut off value, sensitivity, specificity and area under curve (AUC) of receiver operating char-
acteristic (ROC) curve of prostate-specific antigen (PSA) and (fPSA/PSA)% in prostate cancer versus
non-cancerous groups.

Characteristic PSA (ng/ml) fPSA/PSA (%)
Cut-off value >9.57 ≤11.1
AUC 0.983 0.888
Sensitivity 87.5 75
Specificity 100 98.33
P-value <0.001 <0.001

PSA: Prostate specific antigen; (fPSA/PSA)%: free prostate specific antigen/prostate specific antigen%; P-
value: highly significant at P ≤0.001; significant at P ≤0.05.

Figure 1 Receiver operating characteristic curve of prostate-specific antigen (PSA), free prostate-
specific antigen %(fPSA/PSA)% in cancer versus non-cancerous group

Figure 2 Receiver operating characteristic curve for total prostate-specific antigen (PSA), free prostate-
specific antigen % (fPSA/PSA)% in benign prostatic hyperplasia group versus the control group.

patients with BPH from those who are healthy men; at this cut-off value the sensitivity was
77.78%, specificity was 88.1%, and the area under curve AUC was 0.789. A very highly
significant increase (P <0.001) was found between the BPH group versus the control group.

Regarding, serum (fPSA/PSA)% level, the cut-off value ≤ 31optimally identified the
patients with BPH from those who are healthy men; at this cut-off value the sensitivity
was 38.89 %, specificity was 88.1 %, and the area under curve AUC was 0.57. There was no
significant difference (P = 0.436) between the BPH group versus the control group (Table
(3) and figure (2)).
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The cut- off values of PSA based on the ROC curve results in the current study was 9.57
ng/ml for Prostate cancer patients, while its value range between 9.57-3.17 ng/ml for BPH
patients, and < 3.17 ng/ml for apparently healthy men respectively, and the cut-off value of
serum fPSA /PSA% level was 11.1% for Prostate cancer patients, range between 11.1% -31
% for BPH patients, and >31% for apparently healthy men respectively.

Table 3 Cut off value, sensitivity, specificity and area under curve (AUC) of receiver operating char-
acteristic (ROC) curve of prostate-specific antigen (PSA) and (fPSA/PSA)% in BPH group versus the
control group

Characteristic PSA (ng/ml) fPSA/PSA ( %)
Cut-off >3.17 <31
AUC 0.789 0.57
Sensitivity 77.78 38.89
Specificity 88.1 88.1
P-value 0.001 0.436

PSA: Prostate Specific Antigen; fPSA/PSA%: free Prostate Specific Antigen/Prostate Specific Antigen %; P-
value: very higg significant at P ≤0.001; significant at P ≤0.05.

DISCUSSION

Prostate cancer incidence rates racially vary by more than 25 fold worldwide, explained
by lifestyle and genetic differences; it is highest in Australia/New Zealand, Northern Amer-
ica, Northern and Western Europe and some Caribbean nations and lowest in Asia.9,10

According to Iraqi Cancer Registry in 2016; the highest percentage and incidence was
present among the breast cancer, and the lowest rate was found among the Prostate cancer.
The Incidence Rate (Per100, 000 Population) of top ten Cancer in males in Iraq in 2016 for
Prostate Cancer is 4.13.2

Prostate Cancer is one of the most controversial health care issues because of the dilem-
mas related to diagnosis using Prostate Specific Antigen PSA. A high number of false-
positive biopsies and an elevated rate of over diagnosis are the main problems associ-
ated with PSA. New PCA biomarkers have been recently proposed to increase the predic-
tive value of PSA.11 In the European Randomized Study of Screening for Prostate Cancer
(ERSPC) including 162,387 men, PSA test showed 75.9% false-positive results.12 Such false
prediction rate can be explained by several factors, for example, enlarged prostate gland
such as benign prostatic hyperplasia (BPH) may lead to the increase in PSA level, but no
cancerwas detected.13Moreover, the PSA level is higherwith older age;14 besides, high BMI
decreases PSA level.15 In 2018, the European Randomized Study of Prostate Cancer con-
cluded a high incidence of over-diagnosis, the Prostate Cancer Prevention Trial suggested
that there is no a definite PSA threshold with high sensitivity and specificity.16

Thefindings of the current study based on receiver operation characteristic (ROC) curve
in a sample of Iraqi patients show that the PSA cut-off value was 9.57 ng/ml for Prostate
Cancer patients. According to the American Cancer Society, PSA level above 4 ng/mL and
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below 10 ng/mL have ~25% chance of PCA occurrence and PSA level more than 10 ng/mL
increases chances of PCA occurrence over 50%.13 Although PSA is considered as the best
biomarker for the diagnosis of PCA, it is still far from being the ideal biomarker due to
the fact that there is no accurate threshold that can be used with relative security for the
diagnosis of PCA.

On the other hand, the use of the (fPSA/tPSA)% ratio has been shown to improve speci-
ficity in the detection of prostate cancer. No definitive data are available indicating the
optimal (fPSA/tPSA)% that should be applied,17 in the present study; The cut-off value of
free Prostate Specific Antigen percentage (fPSA%) based on the ROC curve results finding
was≤11.1% for Prostate cancer patients.

Researchers have conducted cohort and case-control studies involving diverse popula-
tions to determine the relationship between prostate cancer and obesity, measured in terms
of body mass index (BMI). BMI show inverse correlation with risk of prostate cancer, the
results were in agreement with Shannon et al.18 and disagree with others,19,20 who con-
cluded that (BMI) has been associated with increased prostate cancer risk, while Lee et al.
analysis showed no evidence that body weight was associated with prostate cancer.21 Also,
Giovannucci et al. concluded that no relationship exists between BMI and prostate cancer
among older males (age > 60 years).5 It can be concluded that although there is a highly sig-
nificant difference of serum PSA levels among all the study groups, there is no definite value
that can be used for detection and discrimination between men with and without prostate
cancer. Also, the results of BMI showed an inverse correlation with risk of prostate cancer.

The present study demonstrated that the (fPSA/PSA) % ratio was a strong predictor of
future cancer detection and ominous cancerous signs in prostate biopsy in men with total
PSA levels of 2.1–10.0 ng/ml at population screening.
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