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Introduction. Prostate cancer is one of the most commonly diagnosed cancers in men. Prostate-specific antigen (PSA) has been the
biomarker of choice for screening and diagnosis of prostate cancer. However, inefficiencies exist with its diagnostic capabilities.
This study thus evaluated the diagnostic and prognostic potential of urinary PCA3 as an alternative biomarker for prostate
cancer in the Ghanaian population. Methods. A hospital-based cross-sectional study was conducted at the Urology Department
of the 37 Military Hospital, Accra, Ghana. A total of 237 participants aged 40 years and above with any form of suspected
prostate disorder were recruited into the study after written informed consent was obtained. Total serum PSA levels was
measured using the electrochemiluminescence method and transrectal ultrasound-guided systematic core needle biopsies were
obtained from each study participant. Receiver operating characteristic curve (ROC) analysis was used to evaluate the
diagnostic accuracies of serum PSA, DRE, and PCA3 as diagnostic tools for prostate cancer. These three diagnostic tools were
also evaluated in various combinations to ascertain the combinations with the best diagnostic accuracy. Results. Prostate cancer
was diagnosed in 26.6% of the participants. Benign prostate hyperplasia and prostatitis were diagnosed in 48.5% and 24.9%
participants, respectively. DRE had a sensitivity of 93.7% and a specificity of 12.1%. PSA had a sensitivity of 92.1% and a
specificity of 16.1%. PCA3 had a sensitivity of 57.1% and a specificity of 85.6% and showed a better accuracy (AUC = 83:0)
compared to PSA (AUC = 60:0) and DRE (AUC = 65:0) as individual diagnostic tools. The combination of DRE+PCA3 score
had the best diagnostic accuracy (AUC = 0:80) with a sensitivity and specificity of 60.3% and 80.5%, respectively. Conclusion.
The urinary PCA3 assay showed a better diagnostic performance compared to serum PSA and DRE. PCA3 as a stand-alone
and in combination with DRE could be a suitable complimentary marker in diagnosis and management of prostate cancer.

1. Introduction

Prostatic carcinoma is one of the cancers mostly diagnosed
in men and a leading cause of cancer death in men. It is esti-
mated that there are over seventy-five million prevalent
cases, twenty-seven million incident cases, and seventeen
million deaths expected globally by 2030 [1–3]. Across the
African continent, countries such as Uganda, South Africa,
Nigeria, Ghana, and Zimbabwe, the incidence of prostate
cancer is reported to increase among men between the ages
of 40 and 70 years [4, 5].

In Ghana, the clinical and laboratory screening for pros-
tate cancer is mostly done with prostate-specific antigen
(PSA) and digital rectal examination (DRE). Screening for
prostate cancer with PSA has largely led to a decrease in
prostate cancer mortality [6] and assisted clinicians in case
management of men with prostate cancer worldwide. How-
ever, some inefficiencies have been reported with the use of
PSA for prostate cancer screening and diagnosis. PSA is
known to be elevated in prostatitis, trauma, benign prostatic
hyperplasia, and other pathological and physiological condi-
tions of the urinary system [7]. This makes the continuous
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reliance on PSA for clinical decision making in prostate
cancer cases problematic particularly in the Ghanaian pop-
ulation where it is still the main diagnostic criteria. Con-
sidering the heterogenicity of prostate carcinoma and the
factors that influence the release of PSA from the prostate
and the limitations that exist with the use of PSA, it is
imperative that the introduction of other biomarkers with
higher sensitivity and specificity is explored to minimize
overdiagnosis associated with PSA screening. One of such
molecular biomarkers that has shown significant prospects
in improving on some of the limitations of PSA is prostate
cancer gene 3 (PCA3) [8, 9].

Prostate cancer gene 3 (PCA3) is specific to the prostate
gland and expressed significantly in cancerous prostate tis-
sues compared to benign prostate tissues [10]. This may give
PCA3 a cancer specificity that may be lacking with PSA.
PCA3 levels in the urine is associated with the extent of
metastatic activity of cancerous cells in the prostate, which
suggests that PCA3 could be valuable in the diagnosis of
prostatic carcinomas [11].

The clinical use of PCA3 urine assay as a diagnostic and
screening tool for prostate cancer in European and US men
is well documented [12]. However, scanty or no clinical data
is currently available on the potential of the prostate cancer
gene 3 (PCA3) urine assay as a screening and/or diagnostic
tool in other population especially in the African population
where the incidence of prostate cancer is on the rise. This
study evaluated the potential of PCA3 as a diagnostic bio-
marker and compared the performance characteristics of
urine PCA3 and serum PSA as diagnostic tools for prostate
carcinomas in Ghanaian men.

2. Methods

2.1. Study Design and Setting. This study was a hospital-
based cross-sectional study conducted at the Urology
Department of the 37 Military Hospital, Accra, Ghana, from
February 2019 to August 2020. The 37 Military Hospital is a
teaching hospital located in Accra, the capital city of Ghana,
and has several departments including Surgical, Medical,
Paediatrics, Obstetrics, Gynecology, Dental, Pathology,
Pharmacy, Physiotherapy, and Urology.

2.2. Study Population and Participants Selection. The study
employed a nonprobability convenience sampling technique
to recruit 237 men who visited the Urology Unit of the 37
Military Hospital. Men forty years and above reporting to
the Urology Department for the first time with any form
of suspected prostate disorder were eligible for the study.
Men who had elevated total serum PSA (≥4.0 ng/ml) and
or abnormal results on DRE were recruited as study partici-
pants after giving written informed consent. Excluded par-
ticipants were men below 40 years of age and men who
were taking drugs for the treatment or management of any
urologic disorder.

2.3. Ethical Considerations. Ethical approval for the study
was obtained from the Committee on Human Research,
Publication, and Ethics of the School of Medicine and Den-

tistry (SMD), Kwame Nkrumah University of Science and
Technology (KNUST) (CHRPE/AP/537/19), and the ethical
review board of the 37 Military Hospital (37MH-IRB IPN/
306/2019), respectively. Participants enrolled onto the study
willingly after written informed consent. All experiments
were conducted in accordance with the Declaration of Hel-
sinki (1964).

2.4. Questionnaire Administration. A well-structured and
validated questionnaire was designed and administered to
each study participant to obtain sociodemographic informa-
tion including age, occupation, educational status, ethnicity,
and behavioural activities (smoking and alcohol consump-
tion). Smoking was defined as smoking at least one cigarette
a day and alcohol consumption was defined as drinking at
least a bottle of any alcoholic liquor weekly.

The medical history of each participant was taken. These
included a history of other chronic illnesses such as diabetes,
hypertension, kidney disease, duration of such illness, med-
ications, family history of chronic diseases, and a history of
present and past medication. This information was verified
from the medical records of each participant.

2.5. Blood Sample Collection. About five (5) ml of blood was
drawn from the antecubital vein of participants observing all
aseptic protocols prior to DRE and ultrasound scan exami-
nations. The blood sample was dispensed into a plain-gel
tube and then centrifuged, and the sera obtained were stored
at -80°C and used for measurement of PSA levels.

2.6. PSA Assay. Total PSA was measured using the electro-
chemiluminescence method (Cobas e411 Analyzer, Roche
Diagnostics, Germany). The Cobas e411 automates the
immunoassay reactions using a sandwich electrochemilumi-
nescent immunoassay standardized using the Reference
Standard/WHO 96/670.

2.7. Digital Rectal Examination (DRE). Digital rectal exami-
nation was carried out on all participants by a certified urol-
ogist. The DRE was performed to evaluate prostate shape,
size, consistency, presence or absence of nodules, symmetry,
edge, tenderness, or the presence of any rectal mass.

2.8. Ultrasound Scan Imaging. Transrectal ultrasonography
(TRUS) was performed on all study participants by a certi-
fied sonographer using the Mindray DP-50 digital ultra-
sound scan machine (Shenzhen Mindray Bio-Medical
Electronics, China) with probes of frequency 5-12MHz to
determine the volume and the configuration of the prostate.

2.9. Prostate Cancer Antigen 3 (PCA3) Urine Assay. About
5ml of first-catch urine samples was collected immediately
after DRE had been performed on each study participant.
The PCA3 assay kit (Gen-Probe Inc., San Diego, CA, USA)
was used to measure the mRNA concentrations in the urine
samples, and a PCA3 score based on the ratio of urine PCA3
to PSA mRNA was determined.

2.10. Prostate Biopsy. Transrectal ultrasound-guided system-
atic core needle prostate biopsies were taken from study par-
ticipants who had PSA ≥ 4:0ng/ml or abnormal and or
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suspicious results on DRE. The prostate biopsies were
stained and examined by a certified pathologist who had
no prior knowledge of the clinical conditions of the
participants.

2.11. Statistical Analysis. Statistical analyses were performed
using SPSS ver. 22.0 (IBM, Armonk, NY, USA). Descriptive
statistics were performed for demographic variables and
were expressed as mean ± standard deviation (SD) for con-
tinuous variables with normal distribution. In cases of asym-
metrical distribution, median and interquartile (IQR) values
were used. Variables such as age, PSA, and prostate volume
were compared using chi (χ2) tests, t-test, and Mann–Whit-
ney u-test. Nonparametric values were compared using the
Fisher exact test. ROC analysis was used to evaluate the
accuracies in predicting positive outcomes and performance
of combination of the tests. Multivariate logistic regression

analyses were used to evaluate the relationships between
PCA3 score, Gleason score, and percentage positive biopsy
cores; a p value ≤ 0.05 was considered significant.

3. Results

Prostate cancer was detected in 63 (26.6%) out of the 237
participants. Benign prostatic hyperplasia and prostatitis
were the major nonmalignant conditions diagnosed in a
greater number of the participants. Prostatitis and benign
prostatic hyperplasia were diagnosed in 59 (24.9%) and
115 (48.5%) participants, respectively. Benign prostatic
hyperplasia (37.4%) and prostatitis (44.1%) were diagnosed
predominantly among participants within age group 50–59
years. Prostate cancer (34.9%) was most predominant
among participants within the age group 70–79 years
(Table 1).

Table 1: Distribution of prostate disorders among the study participants.

Variable Biopsy results

Age groups (years) PCa n (%) BPH n (%) Prostatitis n (%) Number (n)

40–49 4 (6.4%) 12 (10.4%) 7 (11.9%) 23

50–9 13 (20.6%) 43 (37.4%) 26 (44.1%) 82

60–69 17 (27.0%) 34 (29.6%) 17 (28.8%) 68

70–79 22 (34.9%) 22 (19.1%) 8 (15.5%) 52

>80 7 (11.1%) 4 (3.5%) 1 (1.7%) 12

Total 63 115 59 237

PCa: prostate cancer; BPH: benign prostatic hyperplasia.

Table 2: Comparison of diagnostic parameters among the study participants.

Variables PCa (n = 63) Without PCa (n = 174) p value

PSA (ng/ml) (median, IQR) 12.1 (6.7–24.2) 8.7 (6.2–14.5) 0.025

PSA category (ng/ml)

4-10 27 (42.9%) 96 (55.2%) 0.0001

10.1-20 16 (25.4%) 60 (34.5%)

>20 20 (31.7%) 18 (10.3%)

PCA3 score (median, IQR) 42.8 (19.9–64.8) 10.1 (6.3–16.7) 0.0001

<15 7 (11.1%) 125 (71.8%) 0.0001

15.1-30.0 14 (22.2%) 37 (21.3%)

30.1-45.0 11 (17.5%) 12 (6.9%)

45.1-60.0 13 (20.6%) 0

>60.0 18 (28.6%) 0

DRE findings

Positive 27 (42.9%) 23 (13.2%) 0.0001

Negative 36 (57.1%) 151 (86.8%)

Prostate volume (ml) (median, IQR) 35.1 (29.8–45.9) 33.9 (28.8–40.1) 0.210

Prostate volume category (ml)

≤40 39 (61.90%) 128 (73.60%) 0.230

40-80 20 (31.70%) 38 (21.80%)

>80 4 (6.30%) 8 (4.60%)

PSA: prostate-specific antigen; PCA3: prostate cancer antigen 3; DRE: digital rectal examination; IQR: interquartile range.
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A higher proportion, 96 (55.2%) participants without
prostate cancer and 27 (42.9%) cancer subjects were within
the PSA range 4.0-10.0 ng/ml. Majority of the participants
with prostate cancer had increased PSA levels (>20 ng/ml)
compared to their counterparts without prostate cancer
(Table 2). As expected, there was a significant difference in
total serum PSA (p = 0:025) between participants with and
without prostate cancer. A greater proportion (71.8%) of
participants without prostate cancer had a PCA3 score <
15:0. Participants with prostate cancer had increased PCA3
score from 15.0 to 60.0 with majority (28.6%) of them hav-
ing a PCA3 score greater than 60.0 (Table 2). Digital rectal
examination detected 50 (21.1%) positive and 187 (78.9%)
negative participants. There was a significant difference in
PCA3 scores and DRE findings between subjects with and
without prostate cancer (p = 0:0001) There was no signifi-
cant difference in prostate volume (p = 0:210) between sub-
jects with and without prostate cancer.

Serum PSA had a sensitivity of 92.1% and a specificity of
16.1% at a PSA cut-off value of 4.0 ng/ml with positive and
negative predictive values of 28.4% and 84.8%, respectively.
Using a PCA3 score cut-off value of 30.0, PCA3 score had
a sensitivity of 57.1% and a specificity of 85.6% with a nega-
tive predictive value of 84.7%. DRE had a sensitivity and
specificity of 66.7% and 60.3%, respectively, and a negative
predictive value of 83.6% (Table 3). ROC curve analysis per-
formed on the performance of PSA, PCA3 score, and DRE
as diagnostic methods with biopsy as the reference method
(Figure 1) gave an area under the curve (AUC) of 0.60,
0.83, and 0.65, respectively. Among the three prostate cancer
diagnostic tests, PCA3 score performed better yielding an
AUC of 0.83 (95% CI: 0.74 to 0.90) (Figure 1).

Multivariate logistic regression analysis showed that high
PCA3 score (OR: 1.621, p = 0:001) and high levels of serum
PSA (OR: 1.110, p = 0:031) had a significant correlation with
high Gleason score (Table 4). An increase in the PCA3 score
was found to be associated and positively correlated
(r = 1:169) with an increase in prostate cancer incidence
(p < 0:0001) (Figure 2).

PCA3 cut-off score of 10 had the highest sensitivity
(93.7%) with a specificity of 48.9%, and a cut-off of 50 had
the lowest sensitivity (39.7%) and highest specificity
(100.0%). The sensitivity and specificity were 69.8% and
72.4%, respectively, at a cut-off of 20. A cut-off of 30 com-
bined the greatest cancer sensitivity (57.1%) and specificity
(85.6%) (diagnostic accuracy = 0:78 and Youden index of
0.53). PCA3 cut-off score of 40 yielded a sensitivity of
44.4% and a specificity of 96.0%. Diagnostic sensitivity

decreased with increasing PCA3 score as with negative pre-
dictive values while specificity and positive predictive values
generally increased with increasing PCA3 scores (Table 5).

The combination of PSA and DRE (PSA+DRE) had a
sensitivity of 100% and a specificity of 2.9%. PSA+PCA3
score combination had a sensitivity and specificity of
71.4% and 52.9%, respectively. The combination of DRE
and PCA3 score (DRE+PCA3 score) had a sensitivity of
60.3% and a specificity of 80.5%. The three combined
parameters (PSA+DRE+PCA3 score) had a sensitivity and
specificity of 60.3% and 78.2%, respectively (Table 6). The
combination of DRE+PCA3 score had the best diagnostic
accuracy (AUC = 0:80) (Figure 3) with a sensitivity and
specificity of 60.3% and 80.5%, respectively (Table 6).

4. Discussion

In the Ghanaian population, prostate-specific antigen (PSA)
and digital rectal examination (DRE) are the key screening
and diagnostic protocols for making clinical decisions when
prostate cancer is suspected in men. The use of PSA and
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Figure 1: Receiver operating characteristic (ROC) curve analysis
for the diagnostic performance of serum PSA, PCA3 score, and
DRE.

Table 3: Diagnostic performance of total serum PSA, PCA3 score, and DRE.

Variable Sensitivity (95% CI) Specificity (95% CI) PPV (%) NPV (%) TP TN FP FN

PSA (ng/ml) 92.1 (82.2–96.9) 16.1 (11.4–22.4) 28.4 84.8 58 28 146 5

PCA3 score 57.1 (44.9–68.6) 85.6 (79.6–90.1) 59.0 84.7 36 149 25 27

DRE 93.7 (84.2–97.9) 12.1 (8.0–17.8) 27.7 84.0 59 21 153 4

PSA: prostate-specific antigen; PCA3: prostate cancer antigen 3; DRE: digital rectal examination; CI: confidence interval; PPV: positive predictive value; NPV:
negative predictive value; TP: true positive; TN: true negative; FP: false positive; FN: false negative.
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DRE as the basis for recommending patients for biopsy often
leads to patients being subjected to unnecessary biopsies due
to the lack of specificity of PSA and DRE. Thus, we evaluated
the diagnostic and prognostic potential of urinary prostate
cancer gene 3 (PCA3) as a biomarker for diagnosing prostate
cancer and compared the performance characteristics of
serum PSA and urinary prostate cancer gene 3 (PCA3).
Prostate-specific antigen (PSA), digital rectal examination
(DRE), and urinary prostate cancer gene 3 (PCA3) score
were used as the diagnostic tools with biopsy as the reference
diagnostic tool in the assessment of prostate disorders in the
participants.

In this study, 26.6% presented with prostate cancer
among the study participants, a finding consistent with the
study by Yeboah et al. in Kumasi, Ghana. A systematic
review and a meta-analysis of forty (40) studies spreading
across 16 African countries also reported a pooled preva-
lence of prostate cancer consistent with our findings [1].
However, reports from a population-based study from the
Kumasi Cancer Registry (KsCR) [13] and a population-
based study among West Africans [14] reported a much
lower prostate cancer incidence of 13.2% and 7.0%, respec-
tively. A small proportion, representing 6.4% of the partici-
pants between the ages 40 and 49 years were diagnosed
with prostate cancer in this current study; this is in agree-
ment with the assertion that only about 1 out of 350 men
under the age of 50 years is likely to be diagnosed with pros-
tate cancer [15]. Furthermore, this finding is also consistent
with the SEER Cancer Statistics Review in 2013 which
reported a lower incidence of prostate carcinoma among
men between ages 40 and 49 years [16].

Majority, 42.9%, of the men diagnosed with prostate
cancer were within the PSA range 4.0 ng/ml to 10.0 ng/ml.

This is in conformity with prospective cohort studies in the
United States and China by Jue et al. and Tang et al., respec-
tively, who reported that about 44% of prostate cancer
patients had PSA values ranged between 4.0 and 10.0 ng/
ml [17, 18]. Moreover, a higher proportion of men diag-
nosed with nonmalignant conditions of the prostate (BPH
and prostatitis) were also within the PSA range 4.0 ng/ml
to 10.0 ng/ml (Table 2). This supports the fact that many
nonmalignant pathologies other than prostate cancer lead
to increase in total serum PSA [19–21]. In this current study,
the sensitivity and specificity of PSA for prostate cancer
detection were 92.1% and 16.1%, respectively, at a PSA
cut-off of 4.0 ng/ml (Table 3). This agrees with findings of
several studies across the globe which report very high sen-
sitivity with low specificity for PSA in the detection of pros-
tate cancers [22–24].

Our study found that the PCA3 scores for men diag-
nosed with prostate cancer were significantly higher than
those for those diagnosed with nonmalignant conditions of
the prostate. To predict the accuracy for predicting the accu-
racy for detecting prostate cancer, we report that PCA3 had
an AUC of 83.0 compared to 59.5 for serum PSA (Figure 1),
with urine PCA3 showing significant association with pros-
tate cancer detection. Our findings are consistent with find-
ings by Auprich et al. and Ploussard et al., who observed that
PCA3 is valuable in detecting prostate cancer in men sched-
uled for initial biopsies [25, 26].

Chronic inflammation is a known risk factor for several
forms of human cancer and now regarded as an “enabling
characteristic” of human cancer [27, 28]. Considering the
heterogeneous nature of bacterial and nonbacterial prostate
inflammation and the recurrence rates [29], chronic inflam-
mation of the prostate may have an effect on the diagnostic
accuracy of urinary PCA3 and may impact the accuracy of
urinary PCA3 in predicting prostate cancer. However, in this
current study, the effect of chronic inflammation on the
accuracy of urinary PCA3 was not explored.

In this current study, urinary PCA3 had similar negative
predictive value (NPV) of 84.7% compared with PSA
(84.8%) and DRE (84.0%) but significantly higher positive
predictive value (PPV) of 59.0% corroborating the findings
of three community-based studies on men undergoing initial
and repeated prostate biopsies [30–32]. PCA3 score also cor-
related significantly with the probability to detect a positive
biopsy (Figure 2) supporting the hypothesis that the proba-
bility of detecting prostate cancer increases with increasing
PCA3 scores [8, 33]. However, a multiparametric MRI was

Table 4: Association between age, PCA3 score, serum PSA, prostate volume, and Gleason score of participants with prostate cancer.

Gleason score
Variable ≤7.0 (n = 38) ≥8.0 (n = 25) OR 95% CI p value

Age (years) 65:4 ± 10:8 67:8 ± 8:9 0.042 63.6–68.9 0.14

PCA3 score (median, IQR) 31.1 (15.9-46.4) 67.8 (49.5-80.4) 1.621 38.2-50.5 0.001

PSA (median, IQR) 8.5 (5.6-27.8) 12.9 (7.8-24.1) 1.110 14.3-25.1 0.031

Prostate volume (ml) (median, IQR) 35.4 (31.5-44.0) 32.1 (27.4-46.8) 0.962 35.8-43.6 0.82

SD: standard deviation; OR: odds ratio; IQR: interquartile ratio; CI: confidence interval.
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Figure 2: Biopsy outcome with PCA3 score.

5Disease Markers



not used in the detection of prostate cancer in this study and
thus acknowledged as a limitation of the study. Multipara-
metric magnetic resonance imaging (mpMRI) with or with-
out targeted biopsy has a well-established role in the
detection of clinically significant PCa (csPCa) and an
appealing alternative to transrectal ultrasonography (TRUS)
biopsy [34–36] that was employed in this current study.
Compared with systematic transrectal ultrasonography-
guided biopsy, mpMRI is associated with a 57.0% improve-
ment in the detection of clinically significant PCa and a
77% reduction in the number of cores taken per procedure
[35, 37]. Alkasab et al. in evaluating the performance of
PCA3 and MpMRI also reported an NPV of 40% and 83%,
respectively. However, adding mpMRI to high PCA3 scores
augmented the NPV to 95% [38]. In comparing mpMRI,
SelectMDx, and PSA as separate tools and in various combi-
nations, the association of mpMRI and SelectMDx was
reported to have the best performance in predicting PCa
and csPCa after biopsy [39]. Thus, an MRI first pathway
may have influenced the performance and accuracy of uri-
nary PCA3 in the detection of prostate cancer in the Ghana-
ian population.

Our findings suggest that PCA3 may not be a complete
replacement for PSA as the appropriate choice of test for
prostate cancer especially in the Ghanaian population but
may however serve as a complimentary diagnostic bio-
marker which would be very beneficial in the management
and treatment of malignant and nonmalignant prostate
conditions.

There are contrasting reports and differing views regard-
ing the optimal cut-off of PCA3 values for discriminating
men having prostate cancer and those with benign prostate
conditions [40]. The PCA3 assay used in this study proposes
a cut-off of 35 as the optimal threshold for improved sensi-
tivity and specificity [41]. However, several experimental
studies have suggested that the optimal threshold of PCA3

may be dependent on population characteristics [42–45].
In this current study, a PCA3 score of 30.0 gave the best
combination of sensitivity and specificity among Ghanaian
men (Table 5). Merola et al. and Luo et al. documented a
much lower cut-off of 20.0 among Italian and Chinese men
[41, 46], while multicentered hospital-based studies in
Europe by Marks et al. and Roobol et al. reported specific-
ities above 90.0% at a cut-off of 100.0 [30, 47].

In this study, high levels of serum PSA and increased
PCA3 score significantly correlated with Gleason score;
while age and prostate volume showed no significant corre-
lation with Gleason score (Table 4). This is in consonance
with reports on men with suspected prostatic carcinoma in
the Zhejiang province of China [48]. This finding also
supports the opinion expressed by Groskopf et al., that
PCA3 as a tissue-based overexpressed biomarker can be a
promising urinary marker that can support the diagnosis
and management of prostate cancer in clinical practice
[49]. Additionally, this study supports the report by De Luca
and colleagues which suggested that PCA3 could be a main
determinant for prostatitis, high-grade prostatic intraepithe-
lial neoplasia (HG-PIN), and prostate cancer [50]. Several
studies have reported that patients with small foci of prostate
cancer mostly benefit from active surveillance than from
immediate treatment. It has been suggested that patients
with small foci of prostate cancers should be placed on active
surveillance than on chemotherapy [51, 52]. However, the
major concerns of most clinicians in placing patients under
active surveillance are the uncertainty in the use of PSA
and or DRE as the basis for such decisions [53]. From the
findings of this study, we suggest that PCA3 holds the poten-
tial valuable in deciding which patients will benefit from
active surveillance or immediate treatment.

Often in clinical settings, a single biomarker is not suf-
ficient to accurately assess the clinical significance of pros-
tate cancer at the time of diagnosis. This is due to the

Table 6: Diagnostic performance of combination of diagnostic tools for prostate cancer.

Variable Sensitivity (95% CI) Specificity (95% CI) PPV (%) NPV (%) TP TN FP FN

PSA+DRE 100.0 (92.9-100) 2.9 (1.1–6.8) 27.2 100.0 63 5 169 0

PSA+PCA3 score 71.4 (59.2–81.1) 52.9 (45.5–60.1) 35.4 83.6 45 92 82 18

DRE+PCA3 score 60.3 (48.0–71.4) 80.5 (73.9–85.7) 52.8 84.8 38 140 34 25

PSA+DRE+PCA3 score 60.3 (48.0–71.4) 78.2 (71.4–83.7) 50.0 84.5 38 136 38 25

PSA: prostate-specific antigen; PCA3: prostate cancer antigen 3; DRE: digital rectal examination; CI: confidence interval; PPV: positive predictive value; NPV:
negative predictive value; TP: true positive; TN: true negative; FP: false positive; FN: false negative.

Table 5: PCA3 score sensitivity and specificity at various cut-off points.

PCA3 score cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (95% CI)

10 93.7 48.9 39.9 95.5 0.570 (0.49–0.65)

20 69.8 72.4 47.8 86.9 0.713 (0.65–0.78)

30 57.1 85.6 59.0 84.7 0.830 (0.74–0.90)

40 44.4 96.0 80.0 82.7 0.70 (0.62–0.75)

50 39.7 100.0 100 82.1 0.708 (0.63–0.79)

AUC: area under the curve; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value.
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heterogeneity in the pathogenesis of prostate cancer [54], a
fact that has informed the opinion that the combination of
multiple markers and diagnostic protocols could improve
the rates of detection of prostatic carcinomas [54, 55]. In
assessing the performance of combined diagnostic tools
in detecting prostate cancer, results from this study show
that combinations of diagnostic tests improve the rates of
detection of prostate cancers compared to the use of single
diagnostic tests (Table 6), corroborating the findings by

Descotes and Dimakakos et al. [54, 55]. Another descrip-
tive retrospective studies also reported similar findings
among Algerian men [56]. Shimizu et al. also observed a
higher detection rate for prostate cancer using a combina-
tion of PSA and DRE as compared to when DRE and PSA
were used as single diagnostic tools [57].

Positive predictive value is a parameter that is very
essential in the assessment of cancer detection as it gives
vital clinical information on the frequency of redundant
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Figure 3: Receiver operating characteristic (ROC) curve analyses showing the accuracy of the various combinations of the diagnostic tools.
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biopsies [58–60]. In this study, DRE+PCA3 combination
had the highest positive predictive value followed by PSA
+DRE+PCA3 combinations (Table 6). These findings sug-
gest that the addition of urinary PCA3 to the current routine
diagnostic protocols in Ghana can improve the outcome of
prostate cancer screening and reduce the number of patients
who may have to go through unnecessary invasive biopsy
procedures.

5. Conclusion

The urinary PCA3 assay showed a better diagnostic perfor-
mance compared to serum PSA and DRE. Urinary PCA3
assay can facilitate the selection of high-risk men who may
benefit from prostate biopsy. PCA3 urine assay could there-
fore be a useful marker in detecting prostate cancer in our
population.
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