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Abstract

Background: Prostate cancer ranks as the second most frequently diagnosed cancer and
the fifth major cause of cancer-related deaths among males. Studies on prostate cancer
biomarkers derived from prostate specific antigen have showed insufficient sensitivity
and specificity for diagnosing and predicting in clinical settings. Furthermore, other
genetic markers, including which more accuracy to detect of prostate cancer.Patients and
methods: The research encompasses 90 participants, that include 30 patients of benign
prostate hyperplasia, 30 of prostate cancer and 30 one of healthy individuals. The blood
sample was obtained from each participant and utilized for the assessment of prostate-
specific antigen and prostate cancer antigen 3 through the Enzyme-Linked
Immunosorbent Assay (ELISA) method, following the manufacturer's guidelines
supplied by Sun Long Biotech Company.Results: The present investigation demonstrated
a statistically significant variance in prostate-specific antigen levels between groups. In
prostate cancer patients was (5.36 = 1.97), in benign prostatic hyperplasia was (3.62 +
1.25) and in healthy individuals was (22.83 + 0.965).prostate cancer antigen 3 levels in
Prostate cancer, , benign prostatic hyperplasia nd healthy groups were (36.02 = 10.55),
(27.83 £ 6.05), and (18.55 + 5.30), respectively and prostate cancer antigen 3 show high
specificity (91%) in patients with Prostate cancer. Conclusion: The study reveals that
prostate cancer antigen 3 is more effective and more specific in detecting prostate cancer
than prostate-specific antigen.

Key words: Prostate cancer (PCA), benign prostatic hyperplasia (BPH), prostate-specific
antigen (PSA), prostate cancer antigen 3 (PCA3).
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Introduction

Prostate cancer is currently the most often diagnosed cancer in men and the third leading
cause of male mortality[1]. Prostate cancer ranks as the second most common cancer
among males and the fourth most common cancer worldwide (Siegel et al., 2021; Sung et
al., 2022). The annual incidence rates of advanced-stage prostate cancer increased by 4%
to 6% from 2014 to 2018 (Schatten, 2018). In 2020, over 1.4 million individuals
worldwide were diagnosed with prostate cancer (Sung et al., 2021)[2]. leading to
1,414,000 new cases and 375,304 deaths, accounting for 3.8% of all cancer-related
fatalities in men. Prostate cancer is the fifth most commonly diagnosed malignancy and
the seventh leading cause of cancer-related mortality in Asia[3].

Recognizing the risk factors of prostate cancer is crucial for implementing primary and
secondary prevention strategies. The WHO has indicated that between 30%-50% of
cancers may be preventable by mitigating risk factors and employing evidence-based
preventive measures, including considerations of age, family history, race, and poor
dietary practices and behaviors. Smoking is an independent behavioral risk factor for
prostate cancer, with current smokers anticipated to exhibit an increased risk of prostate
cancer mortality[4] .Prostate cancer is associated with the ageing process. In the United
States, 70% of prostate cancer cases are diagnosed in men aged 65 years and older.
Prostate cancer diagnosis is uncommon in men aged 50, but the incidence and mortality
rates rise significantly[5].Family history is a recognized risk factor for the occurrence of
PCA and may also elevate the chance of its fatal forms. Establishing the correlation
between documented family history and PCA risk is complicated by variables including
familial circumstances, recollection bias, and the extent of screening[6].
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The conclusive diagnosis of prostate cancer (PCA) relies on the findings from a prostate
biopsy. Given the consequences linked to prostate biopsy, such as hospitalization,
hemorrhage, infection, and discomfort, it is crucial to minimize the incidence of
unneeded biopsies. For over three decades, the determination to perform a biopsy on a
patient has depended about elevated prostate-specific antigen (PSA) values or anomalous
findings from a digital rectal examination (DRE)[8]. Recent results indicate that the
majority of routinely accessible prostate-specific antigen (PSA) derived biomarkers for
prostate cancer (PCA) have not demonstrated adequate sensitivity and specificity in
clinical applications for the diagnosis and prognosis of prostate cancer[9]

The primary limitation of PSA accuracy is its intrinsic variability due to numerous causes
that can induce transitory increases not linked to cancer PSA fluctuations over a brief
period are ascribed to assay variability, encompassing both analytical and biological
variances. Analytical variation primarily arises from laboratory processing and assay
performance. Biological variance arises from individual characteristics such as diurnal
and circadian fluctuations, physical and sexual activity, urinary tract infections, and
digital rectal examinations (DRE) [10].So because of these limitations of PSA and to
reduce the un necessary biopsy, this study may be found other gen in serum sample
which is possible more specificity for prostate cancer diagnosis like prostate cancer gen 3
(PCA3).

Prostate cancer gene 3 (PCA3) is an overexpressed long non-coding RNA (IncRNA)
derived from an intronic region on the long arm of human chromosome 9q21-22. PCA3
influences prostate cancer (PCA) cell viability by modifying androgen receptor (AR)
signaling and modulating the expression of various androgen-responsive and cancer-
associated genes, including markers of epithelial-mesenchymal transition (EMT) and
those pertinent to gene expression and cellular signaling[11]. Prostate cancer gene 3
(PCA3) is a noncoding mRNA found in prostate secretions from the first urine sample
taken post-prostate massage. de Kok et al. showed that PCA3 is considerably
overexpressed in prostate cancer tissue relative to normal prostate tissue still, The
principal limitation of PSA is its insufficient specificity. In individuals with borderline
PSA values of 3 to 10 ng/ml, the negative biopsy rate exceeded 60%, resulting in
needless prostate biopsies and preventable consequences[12]
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Fig. 2. The PCA3 gene is located on chromosome 9q21-22. The PCA3 transcription unit,
as initially detailed by Busse makers et al .The gene comprises four exons (designated as
boxes 1, 2c, 3, and 4) and features three polyadenylation sites situated within exon 4
(identified as boxes 4a, 4b, and 4c). Exon 2, often excluded as a result of alternative
splicing, is absent in the three transcripts shown in the Northern blot. Clarke et al.
identified two novel exons (2a and 2b), four new polyadenylation sites (indicated by
vertical lines in exon 4), and four new transcription start sites (located in exon 1,
represented by pink and light pink boxes). Gratitude is extended to Gerald
Verhaeghe[13].

Patients and Methods
Study Design

This comparative study evaluated three groups: prostate cancer (PC), benign prostatic
hyperplasia (BPH), and healthy individuals. The study aimed to assess PSA levels and
PCA3 in the blood of patients from the Iraqi population.The study included 30 patients
diagnosed with prostate cancer and 30 patients diagnosed with benign prostatic
hyperplasia (BPH).

Control Group:

Thirty blood samples were collected from ostensibly healthy men with no history or
clinical indications of prostatic illness. These samples were used as the control group.The
participants, aged 36 to 82, were recruited from the Anbar Specialized Centre for
Oncology and private urology clinics in Ramadi under the supervision of specialized
physicians. The study was conducted from December 2023 to February 2024, with ethical
approval granted by the Iraqi Ministry of Health and the University of Anbar Approval
Committee (No. 666, dated 22/11/2023). Informed written consent was obtained from all
participants prior to sample collection, in compliance with ethical research principles.

Exclusion and Inclusion Criteria

The study's inclusion criteria encompassed participants aged 18 years or older with
pathological and cytological confirmation of prostate cancer (PC) or benign prostatic
hyperplasia (BPH) who had not received prior therapy, while exclusion criteria ruled out
individuals under 18 years of age, those who were HIV-positive, had a history of other
malignant tumors, or presented with infectious diseases.
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Material and methods:

Five ml of blood samples were collected from patients and the control group. Blood
samples were placed in a gel tube and centrifuged to obtain serum for the quantification
of PSA and PCA3 using an ELISA kit that use the Sandwich-ELISA test. ELISA
procedure was accomplished aaccording to the instructions of the kit from Sun Long
Biotech Company.

Statistical analysis: The data underwent statistical analysis with SPSS for Windows.
version 26 (SPSS Inc., Chicago, Illinois, United States) The information was shown as a
mean and standard deviation (SD). The parameters under study were checked to see if
they adhered to a Gaussian distribution using the Shapiro-Wilk normality test. One way
ANOVA test was done to show the differences between study groups (benign, tumor, and
cancer) including a control group.. The area under the curve (AUC) of the ROC test was
conducted to assess the specificity and sensitivity of the study parameters in relation to
the study samples.

Results :

Mean PSA levels are highest in the Prostate Cancer group (5.36 ng/mL), followed by the
Benign group (3.62 ng/mL), and lowest in the Healthy group (2.83 ng/mL).The p-value
for the comparison between groups is (0.0001), indicating a statistically significant
difference in PSA levels among the groups. While the Mean PCA3 levels are also highest
in the Prostate Cancer group (36.02), followed by the Benign group (27.83), and lowest
in the healthy group (18.55).The p-value for the comparison is (0.0001), suggesting
significant differences in PCA3 levels across the groups. A p-value < 0.05 confirms
significant differences in both PSA and PCA3 levels among the groups as shown in
(table .1).

Table -1: showed Mean+SD and differences between two patients and control groups

by paired t-test.(ANOVA).

Variables Groups Mean Std. Deviation | Minimum | Maximum p-value

Healthy 2.83 0.965 1.35 5.02

PSA Prostate | 5 3 1.971 1.91 8.73 0.0001
cancer
Benign 3.62 1.250 1.64 6.01
Healthy 18.55 5.302 11.73 33.42

PCA3 Prostate | 3¢ 02 10.558 13.49 50.85 0.0001
cancer
Benign 27.83 6.054 17.75 41.59

p-value less than 0.05 is significant differences
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This study findings regarding the level of PSA and PCA3 between two groups: Prostate
Cancer and healthy individuals. The mean level of PS in Prostate Cancer group was
5.36+£1.97 while in healthy group was 2.83+£0.965ng/mL with p-value (0.0001)
indicating a statistically significant difference in PSA levels between the two groups.
While PCA3 mean Level in Prostate Cancer group were 36.02+10.55 and in healthy
group was 18.55+5.30 with p-value (0.0001) demonstrating a significant difference in
PCA3 levels between the two groups as shown in (table .2).

Table-2: show the level of PSA and PCA3 in prostate cancer patients and control group.

Variables Prostate cancer Healthy p-value
Mean + SD Mean + SD

PSA 5.36+1.97 2.83 +£0.965 0.0001

PCA3 36.02 + 10.55 18.55 +5.30 0.0001

p-value less than 0.05 is significant differences

The results show that PSA and PCA3 levels in benign hyperplasia of prostate were higher
than control group. PSA Levels in Benign group were 3.62+1.25 ng/mL ,while in healthy
group were 2.83+0.965 ng/mL with p-value: 0.045, indicating a statistically significant
difference in PSA levels between the two groups.

The level of PCA3 in Benign group were 27.83+6.05 and in healthy group were
18.55+5.30 with p-value: 0.0001, showing a highly significant difference in PCA3 levels
between the groups as shown in (table .3)

Table-3: show the level of PSA and PCA3 in benign hyperplasia patients and control

group.
Variables Benign Healthy p-value
Mean + SD Mean + SD
PSA 3.62+1.25 2.83 £ 0.965 0.045
PCA3 27.83 £6.05 18.55 £5.30 0.0001

p-value less than 0.05 is significant differences
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The results indicate the diagnostic performance of two biomarkers (PSA and PCA3)
based on cut-off values, specificity, sensitivity, area under the curve (AUC), and
statistical significance. At a cut-off value of 4.10, PSA has a sensitivity of 80% and a
specificity of 72.4%, meaning it correctly identifies 80% of true positive cases
(sensitivity) and 72.4% of true negatives (specificity). The AUC of 0.798 indicates good
diagnostic performance, with a significant p-value (0.0001) while the PCA3 has a high
specificity (91.4%) at the cut-off value of 32.88, indicating strong accuracy in ruling out
false positives. However, its sensitivity is lower (66.7%), meaning it identifies about two-
thirds of true positive cases. The AUC of 0.821 demonstrates good diagnostic

performance, with a significant p-value (0.0001) as showed in (table.4)

Table-4: This table show the specificity and sensitivity of two biomarkers

Area-under
Parameter | Cut-off value | Specificity | Sensitivity Sig.
curve
PSA 4.10 72.4% 80% 0.798 0.0001*
PCA3 32.88 91.4%* 66.7% 0.821 0.0001*
100 Specificity 100 Sensitivity 1o Area Under Curve (AUC)

(Figure.3) showed provided seems to contain information about the performance of
two biomarkers—PSA (Prostate-Specific Antigen) and PCA3 (Prostate Cancer
Antigen 3)—in detecting prostate cancer. PCA3 show high Specificity (91%) while
PSA (72.4%).
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Discussion

Prostate specific antigen (PSA), secreted by the prostatic epithelium, is organ-specific
rather than cancer-specific, indicating that other diseases, including prostatitis and benign
prostatic hyperplasia (BPH), as well as androgen levels, might affect PSA levels. A PSA
level of 4 ng/mL is seen indicative of potential PCA, while levels ranging from 4 to 10
ng/mL are classified as ambiguous. Due to this specificity regarding PSA, there are
dangers of overdiagnosis and overtreatment, leading to significant and unwarranted
consequences. Evidence indicates that as many as 25% of patients with normal PSA
levels may have undetected prostate cancer[14].

Therefore, in order to confirm a positive test result for prostate cancer, prostate infection,
or other diseases, this study used multiple indicators in patients and controls. The present
investigation demonstrated a statistically significant variance in PSA levels in prostate
cancer patients (5.36 = 1.97), followed by benign prostatic hyperplasia (3.62 + 1.25) and
the healthy group have (2.83 + 0.965). The variation is high as indicated by the p value
(0.0001). PCA3 levels show a statistically significant variance among the PC, PBH, and
healthy groups (36.02 = 10.55), (27.83 £ 6.05), and (18.55 + 5.30), respectively, with a p
value of 0.0001. This study found a notable disparity in the levels of PCA3 in the serum.
ROC analysis was conducted to evaluate the clinical sensitivity and specificity of PCA3
and the sequential combination. Prostate cancer antigen 3(PCA3) is highly specific to
prostate cancer due to its significant overexpression in prostate cancer cells. PSA is better
suited for initial screening because of its higher sensitivity (80%), which reduces the risk
of missing positive cases. Prostate cancer antigen3(PCA3) is more effective when
accuracy in excluding false positives is a priority (specificity of 91.4%).Both tests are
statistically significant with strong performance (p = 0.0001), but PCA3 has a slight edge
in overall accuracy (AUC = 0.821).The PCA3 score and AUC for prostate cancer (PCA)
in this study align with the findings of the Cui et al. meta-analysis [15].Prostate cancer
antigen 3 (PCA3) serves as an alternative biomarker for prostate tumor specificity,
potentially enhancing the specificity of prostate cancer diagnosis; nonetheless, it typically
necessitates complex procedures and costly equipment for routine detection [16]. Prostate
cancer antigen 3 (PCA3) is a long non-coding RNA that is extensively recognized as a
prostate cancer biomarker, identified in tissue and, notably, in noninvasive
samples[17].Our research found PCA3 transcripts, demonstrating that PCA3 specificity
for cancer is virtually flawless due to the significant overexpression of the gene by cancer
cells. In clinical testing for early prostate cancer, increased specificity is shown in serum
containing prostate cells from affected males. PCA3 gene testing has significant potential
in cases of increased PSA levels where initial biopsies reveal no malignancy. Peripheral
blood from people with prostate cancer. Although not detected in all individuals with
prostate cancer, no amplification was observed in benign prostatic hyperplasia samples,
demonstrating the high specificity of PCA3.
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Conclusion,

PSA and PCA3 serve complementary roles in the detection and differentiation of
prostate cancer (PC) from benign prostatic hyperplasia (BPH). PSA is a widely accessible
and cost-effective first-line screening tool but lacks specificity, often leading to false
positives due to elevated levels in both PC and BPH. PCA3, with its higher specificity for
PC, is a valuable secondary test that improves diagnostic accuracy, particularly in cases
with elevated PSA levels and negative biopsies. The combined use of PSA and PCA3
enhances clinical decision-making, reducing unnecessary biopsies and ensuring more
precise identification of prostate cancer.

Limitations

Future studies should aim to include larger, more diverse populations, standardize testing
protocols, and evaluate PSA and PCA3 alongside other emerging biomarkers.
Incorporating real-world data and cost-effectiveness analyses will also improve the
relevance of research findings to clinical practice.



Al-Qadisiyah Journal of Pure Science Vol. (29) Issue (Special) (2024)

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

S. Vaccarella et al., “Prostate cancer incidence and mortality in Europe and
implications for screening activities: population based study,” bmyj, vol. 386, 2024.

Y. Feng, H. Cao, D. Wang, L. Chen, R. Gao, and P. Sun, “JNK promotes the
progression of castration-resistant prostate cancer,” Acta Biochim. Pol., vol. 70,
no. 4, pp. 817-822, 2023.

E. Chiong et al., “Prostate cancer management in Southeast Asian countries: a
survey of clinical practice patterns,” Ther. Adv. Med. Oncol., vol. 16, p.
17588359231216582, 2024.

L. Luo, J. Huang, H. Luan, S. Mubarik, Q. Zhong, and X. Zeng, “Estimating
disparities of prostate cancer burden and its attributable risk factors for males
across the BRICS-plus, 1990-2019: A comparable study of key nations with
emerging economies,” Prostate, vol. 84, no. 6, pp. 570-583, 2024.

P. Rawla, “Epidemiology of Prostate Cancer.,” World J. Oncol., vol. 10, no. 2, pp.
63-89, Apr. 2019, doi: 10.14740/wjon1191.

O. Bergengren et al., “2022 update on prostate cancer epidemiology and risk
factors—a systematic review,” Eur. Urol., vol. 84, no. 2, pp. 191-206, 2023.

C. V Berenguer, F. Pereira, J. S. Camara, and J. A. M. Pereira, “Underlying
features of prostate cancer—statistics, risk factors, and emerging methods for its
diagnosis,” Curr. Oncol., vol. 30, no. 2, pp. 2300-2321, 2023.

Z. Huskova, J. Knillova, Z. Kolar, J. Vrbkova, M. Kral, and J. Bouchal, “The
percentage of free PSA and urinary markers distinguish prostate cancer from
benign hyperplasia and contribute to a more accurate indication for prostate
biopsy,” Biomedicines, vol. 8, no. 6, p. 173, 2020.

O. 1. Reem, O. A. Popoola, O. Samuel, Titilola A.Akinloye, Ka, and O.
Adaramoye, “Diagnostic potential value of circulating PCA3 mRNA in plasma
and urine of prostate cancer patients,” Sci. African, vol. 17, 2022, doi:
10.1016/j.sciaf.2022.e01343.

M. Kobayashi, T. Kijima, M. Yashi, and T. Kamai, “Prostate-specific antigen
kinetics contributes to decision making for biopsy referral: the predictive
implication for PSA retest in patients with elevated PSA levels,” Prostate Int., vol.
11, no. 1, pp. 27-33, 2023.

A. E. G. Lemos, A. da Rocha Matos, and L. B. Ferreira, “The long non-coding
RNA PCA3: an update of its functions and clinical applications as a biomarker in
prostate cancer,” Oncotarget, vol. 10, no. 61, p. 6589, 2019.

J. Neubauer et al., “Diagnostic Accuracy of Contrast-Enhanced Thoracic Photon-
Counting Computed Tomography for Opportunistic Locoregional Staging of
Breast Cancer Compared With Digital Mammography: A Prospective Trial.,”

10



[13]

[14]

[15]

[16]

[17]

Al-Qadisiyah Journal of Pure Science Vol. (29) Issue (Special) (2024)

Invest. Radiol., 2023, doi: 10.1097/RLI.0000000000001051.

J. R. Day, M. Jost, M. A. Reynolds, J. Groskopf, and H. Rittenhouse, “PCA3: from
basic molecular science to the clinical lab,” Cancer Lett., vol. 301, no. 1, pp. 1-6,
2011.

V. C. Munteanu et al., “PSA Based Biomarkers, Imagistic Techniques and
Combined Tests for a Better Diagnostic of Localized Prostate Cancer,”
Diagnostics, vol. 10, no. 10, p. 806, 2020.

E. S. Kotova et al., “Identification of clinically significant prostate cancer by
combined PCA3 and AMACR mRNA detection in urine samples,” Res. Reports
Urol., pp. 403—413, 2020.

W. Chen et al., “Accurate diagnosis of prostate cancer with CRISPR-based nucleic
acid test strip by simultaneously identifying PCA3 and KLK3 genes,” Biosens.
Bioelectron., vol. 220, p. 114854, 2023.

P. Limudomporn et al., “Diagnostic accuracy of urinary PCA3 for prostate cancer
in Thai patients with PSA levels of 3 to 10 ng/ml undergoing an initial prostate
biopsy,” JU Open Plus, vol. 1, no. 7, p. €00032, 2023.

11



