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Abstract
Background: Prostate cancer (CaP) is a common malignancy in men and late
presentation is still an issue. The discovery of PSA has revolutionized the diagnosis
of CaP however has difficulties in discriminating malignant and benign prostatic
status especially in patients with grey zone of 4.0-10.0 ng/ml. Prostate specific antigen
density is useful in this group of individuals. Aims and Objectives: To determine the
usefulness of prostate specific antigen density (PSAD) in detection of prostate cancer in
native African men with intermediate prostate specific antigen (4.0-10.0 ng/ml). Design
of the study: It was a cross-sectional, prospective study. Setting: This study took place
at the Jos University Teaching Hospital, Urology Division, Department of Surgery,
Jos, Nigeria. Materials and Methods: Men who presented at the urology clinic of Jos
University Teaching Hospital with intermediate PSA of 4-10 ng/ml that had either
abnormal DRE findings or PSA density ≥0.15 ng/ml² were recruited. Prostate volume
was measured using ellipsoid formula through transabdominal ultrasound scan (a GE
logic S expert 052128 model ultrasound). The PSA density was calculated by dividing
PSA by prostate volume. They subsequently had digitally guided transrectal prostate
biopsy. Results were recorded in a structured proforma. Statistical analysis was done
using SPSS(R) version 20 (SPSS, IBM, Chicago, IL, USA). Appropriate test statistics
were used with p-value<0.05 considered as significant. Results: Seventy-two (72)
men aged 47-99 years were enrolled in the study. The mean age at presentation was
65.4 ± 10.4 years. The cancer prevalence was 26.4%. The commonest age group with
cancer was 60-69 years with a mean age of 68.4 years. At a cut-off of 0.15 ng/ml2, the
cancer detection rate, sensitivity and specificity of PSAD was 51.5%, 89.5% and 69.8%
respectively (p <0.001). However, at cut-off of 0.12 ng/ml2, the PSAD had a sensitivity
and specificity of 95.0% and 62.0% respectively with AUC 0.84 on ROC (p <0.001).
Conclusion: PSAD showed statistical significance in cancer detection (p <0.001) with
a detection rate, sensitivity and specificity of 51.5%, 89.5% and 69.8% respectively. It
showed a higher sensitivity (95%) at a cut-off of 0.12. PSAD is thus useful in prostate
cancer detection among men with PSA 4-10 ng/ml.
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Introduction
Prostate cancer (CaP) constitutes a major international
health problem. In Nigeria, studies have shown an increasing
prevalence of the disease. [1]
The discovery of PSA has revolutionized the diagnosis of CaP
however have difficulties in discriminating malignant and
benign prostatic status especially in patients with grey zone of
4.0-10.0 ng/ml.
Men with PSA levels of 4.0-10.0 ng/ml fall into a ‘grey zone’
wherein only 25% of the cases are diagnosed to have cancer,
while remaining 75% undergo unnecessary biopsies. [2] Hence
the need for a better marker to identify this small percentage
of men and prevent unnecessary biopsies. Benson et al. [3] first
proposed the use of Prostate specific antigen density (PSAD)
as a means of discriminating prostate cancer from the most
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frequent cause of PSA elevation, Benign Prostatic Hyperplasia
(BPH). PSAD has been proved to be important in evaluating men
with ‘grey zone’ PSA levels (4-10 ng/ml) as it helps to reduce
-unnecessary biopsy and its associated complications. PSAD
requires measurement of prostate volume and is expressed as
PSA value divided by the prostate volume. This study aimed
at determining the usefulness of PSAD among native African
men with intermediate PSA of 4-10 ng/ml and establishing a
cut-off value.
This is an open access article distributed under the terms of the Creative Com‑
mons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to
remix, tweak, and build upon the work non‑commercially, as long as the author is
credited and the new creations are licensed under the identical terms.
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Research Methodology
This prospective study was conducted in the department
of Urology, Jos University Teaching Hospital, Jos, Nigeria
between July 2015 to August 2016 after an approval from the
ethical committee of the hospital. Men with PSA of 4-10 ng/ml
were recruited after informed consent.
Each subject had a comprehensive clinical evaluation involving
relevant history and focused physical examination that included
a digital rectal examination of the prostate gland. Each subject
had serum total prostate specific antigen measured. The result
was read using a microliter-well reader.
This was followed by a transabdominal ultrasound scan to
determine the prostate volume using a curvilinear probe 3.5
MHz which was done by the same radiologist to avoid inter
observer error. The measurement of the prostate volume was
done using the ellipsoid formula- π/6 × transverse diameter ×
antero-posterior diameter × longitudinal diameter. [4]
The PSA density was then calculated by dividing the total PSA
by prostate volume and recorded accordingly.
The subjects subsequently had digitally guided transrectal
prostate biopsy. They all had prophylactic antibiotics given. A
dose of intravenous ciprofloxacin 200 mg and metronidazole
500 mg were administered thirty minutes before the procedure
and continued orally for five days afterwards. Caudal block
was used as form of anesthesia. Prostate specimens (sextant
biopsies) were taken with patient in left lateral position using
a spring-loaded 18-G core needle (TRUCUT® biopsy needle)
and under transrectal digital guidance. Six cores were taken
from parasagittal plane halfway between the lateral border
and midline of the prostate on both right and left sides from
the base, mid-gland, and apex. The midline of prostate was
avoided to prevent prostatic urethra injury. The specimen was
stored in 10% formalin and examined histopathologically using
haematoxylin-eosin stain. The histological report was recorded.
All data obtained from the study subjects were subjected to
statistical analysis using the Statistical Package for Social
Sciences (SPSS) version 20 ((SPSS, IBM, Chicago, IL, USA).
Results were represented as tables and charts. Spearman’s rank
correlation test and other appropriate test statistics were used
for analysis. A p-value of <0.001 was considered statistically
significant.

Results
A total of 72 men who met the inclusion criteria and gave consent
were recruited for the study during the period of September,
2015-March, 2017. The age range of the subjects was 4799 years with a mean age of 65.4 ± 10.4 years. The cancer
prevalence was 26. [4] [Figure 1]. The commonest age group
with cancer was 60-69 years with a mean age of 68.4 years. At a
cut-off of 0.15 ng/ml2, the cancer detection rate, sensitivity and
specificity of PSAD was 51.5%, 89.5% and 69.8% respectively
(p <0.001) as shown in Tables 1 and 2 below. However, at cutoff of 0.12 ng/ml2, the PSAD had a sensitivity and specificity

Figure 1: Distribution of study population by histological report.
Table 1: Means of continuous variables measured.
Variables

Mean ± S.D

Minimum

Age (years)

65.42 ± 10.38

47

Maximum
99

Prostate Volume (mls)

63.15 ± 29.78

18

168

PSA (ng/ml)

7.27 ± 1.92

4

10

PSAD (ng/ml²)

0.14 ± 0.10

0.04

0.26

Table 2: Cancer detection rate using PSA density at cut-off 0.15 ng/ml².
PSAD Test
Results
(ng/ml²)

Cancer

Total

Statistics

p-value

16 (30.2%)

33 (45.8%)

37 (69.8%)

39 (54.2%)

ChiSquare=19.8
Kappa=0.48

<0.001
<0.001

Yes

No

Positive (≥
0.15)

17 (89.5%)

Negative (<
0.15)

2 (10.5%)

Total

19 (100.0%) 53 (100.0%) 72 (100.0%)

of 95.0% and 62.0% respectively with AUC 0.84 on ROC (p
<0.001).

Discussion
In this study, most of the patients presented in the seventh
decade of life with mean age of 65.4 years. Out of these, 19
(26.4%) were diagnosed to have prostate cancer on biopsy. The
mean age of those with cancer was 68.4 years. This is similar to
reports from various studies which recorded the seventh decade
of life as the mean age of diagnosis. [5-7]
This study showed a prostate cancer prevalence of 26.4% in
men with PSA of 4 -10 ng/ml. A number of studies comparable
with this finding reported 25%. [2,8] In a study by Catalona et
al., [9] the prevalence rate of prostate cancer was 22% in men
with an intermediate PSA level. However, a lower prevalence
rate of 13.3% was reported in a similar study among patients
with intermediate PSA levels by Ezenwa et al. [10] The reason
given for this low yield was possibly related to the use of digital
guidance for the biopsy, as against TRUS-guided biopsy used
in the other studies. [11] The difference between this study and
that by Ezenwa et al. [10] may be attributed to the difference in
selection criteria of the study population.
In the analysis of the PSAD, the cancer patients had an average

Annals of Medical and Health Sciences Research | Volume 10 | Issue 5 | September - October 2020

1139

Agbo CA, et al.: Usefulness of Prostate Specific Antigen Density in Prostate Cancer Detection among Men with PSA of
4-10 ng/ml

of 0.18 ng/ml², while patients with negative results averaged
0.12 ng/ml². Castro et al. [5] reported the cancer patients averaged
0.31 ng/ml2, while patients with negative results averaged 0.10
ng/ml2. This suggests the higher the PSAD the more likely the
patient will have prostate cancer. The present study showed the
sensitivity, specificity, positive predictive value and negative
predictive value of PSAD to be 89.5%, 69.8%, 51.5% and
94.9% respectively. Various studies have reported different
values depending on the region and cut-off used. In a similar
study using a cut-off of 0.15, Djavan et al. [11] reported 83% as
the sensitivity while Castro et al. [5] reported a sensitivity of 74%
and specificity of 70%.
The ideal cutoff level of PSAD for detecting CaP has remained
contentious in recent times. A cut-off of 0.15 ng/ml2 which
has been widely used has been questioned by many scholars.
This cut-off was based on data from Western patients. [12] It is
documented that black men have larger prostate volume and
secrete more PSA per unit tissue compared to Caucasians. [11]
As such, PSAD estimation will be lower for our population.
Therefore, in other to get a higher sensitivity and specificity
for prostate cancer detection, a lower cut-off may be used.
This was proven in this study, which revealed a higher value
of sensitivity (95%) and specificity (62%) at a cut-off of 0.12
ng/ml2 (p<0.0001). This is comparable to many studies which
revealed higher values of sensitivity and specificity at a lower
cut-off value. Udeh et al. [13] reported the sensitivity and
specificity of 95.88% and 28.7% respectively using a cut-off
value of 0.04 and concluded that PSAD is useful for prostate
cancer detection when this lower cut-off is used for Nigerian
men. Catalona et al., [14] in a multicenter study with 773 men,
suggested that the PSAD value be lowered to 0.078 ng/ml2, a
value at which 95% of the tumors would be detected. Zhao et
al. [15] studied 40 cases with PSA levels of 4-20 ng/ml and found
that the sensitivity, specificity and PPV of PSAD at a cut-off of
0.10 ng/ml/ml was 100%, 11.1% and 22.9% respectively. Cao
et al. [16] analyzed 38 patients with PSA levels of 4-10 ng/ml.
They reported a sensitivity and specificity of PSAD at a cut-off
of 0.13 ng/ml2 of 92.1% and 47.1% respectively and suggested
that PSAD was a good predictor of prostate cancer.
A study suggested a higher cut-off in order to get a higher
specificity. [17] Although, a high specificity will reduce false
positive results, thereby reducing unnecessary prostate biopsy;
a low sensitivity creates the problem of missing out patients
with cancer which is more harmful. Thus, a balance is needed
to avoid compromise either way. This study achieved this by
establishing a cut-off of 0.12 which gave a sensitivity of 95%
and a specificity of 62%.
The usefulness of PSAD has been proven in many studies
including the present study. This study showed PSAD has a
cancer detection rate of 51.5% meaning unnecessary biopsies
would be avoided in approximately half of patients when PSAD
is used as compared to PSA where 75% will have unnecessary
biopsies. At the same time, PSAD has been shown in this study
not to compromise cancer detection especially when a cut-off
of 0.12 is used which gave a sensitivity of 95%. Comparative
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studies have shown PSAD to be the most useful variable among
total PSA, PSA density and % free/total PSA. [15,17]

Conclusion
The sensitivity, specificity and positive predictive value of PSAD
is 89.5%, 69.8% and 51.5% respectively at a cut-off of 0.15. It
showed an improved specificity which will have an impact on
the reduction of unnecessary biopsies with their consequential
complications and at the same time not compromising cancer
detection when used. However, at a lower cut-off of 0.12, it has
a higher sensitivity (95%).
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Recommendation
PSA density is useful but a reduced cut-off should be suggested
for native African men because Africans have a comparatively
larger prostate size compare to the Caucasians.
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