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Abstract 
To evaluate the effectiveness of PSA density in distinguishing between benign 
prostatic hyperplasia (BPH) and prostate cancer in patients with intermediate 
PSA levels (4 - 10 ng/ml) and to reduce unnecessary biopsies. Patients and 
Methods: 90 patients with PSA levels in the “Gray Zone” PSA (4 - 10 ng/ml) 
were included. Prostate volumes were estimated using transrectal ultrasonog-
raphy. Serum PSA levels were measured using an enzyme immunoassay. PSA 
density was calculated and compared with histopathological results. Statistical 
analysis was performed using SPSS, t-test, and Contingency Coefficient test. 
Results: A PSA density cutoff of 0.15 ng/ml/cm3 was used for prostate cancer 
detection. Mean PSA density for BPH patients: 0.0844 ng/ml/cm3. Mean PSA 
density for prostate cancer patients: 0.172 ng/ml/cm3. Sensitivity: 92.3%, Spec-
ificity: 93.5%, Positive Predictive Value: 70.5%, Accuracy: 93.3%. PSA density 
significantly reduced unnecessary biopsies (p < 0.001). Conclusions: PSA 
density can be effective in reducing unnecessary biopsies in patients with in-
termediate PSA levels, particularly those with organ-confined prostate cancer 
who are candidates for radical treatment. 
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1. Introduction 

Prostate cancer (CaP) is the most common visceral malignant neoplasm in men 
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and the second leading cause of cancer-related deaths in men [1]. Worldwide 
prostate cancer incidence and mortality rates vary significantly between countries 
and regions and are highest in African American men [2]. It is predominantly a 
disease of the elderly and is diagnosed below the age of 50 in less than 0.1% of all 
patients. Peak incidence occurs between the ages of 70 and 74 years. Latent cancers 
of the prostate are commonly observed in autopsy [3]. Histologically, over 95% of 
the cancers of the prostate are adenocarcinomas. Of the remaining 5%, transi-
tional cell carcinomas account for 95% and the remaining cancers are neuroen-
docrine (“small cell”) carcinomas or sarcomas [4]. Prostate carcinomas are often 
asymptomatic, especially in their early stages. Around 20% of localized prostate 
cancers are incidentally detected during histological examinations of prostate tis-
sue removed for suspected benign hyperplasia. Autopsy studies have shown that 
the incidence can reach up to 50% in African American men over 70 years old. [5] 
Since most prostate cancers originate in the peripheral regions of the prostate, 
they may be found during routine digital rectal exams. 

In more advanced stages, or when the tumors are larger, they may cause lower 
urinary tract symptoms (LUTS), such as local discomfort and urinary obstruction, 
similar to benign prostatic hyperplasia. On physical examination, these cases often 
present with a hard, immobile prostate, suggesting locally advanced disease. 
Sometimes, prostate carcinomas are first identified through symptoms of metas-
tasis, with bone metastases—particularly in the axial skeleton—being common. 
These metastases may be either osteolytic (destructive) or, more frequently, oste-
oblastic (bone-forming). 

The presence of osteoblastic metastases is strongly suggestive of advanced pros-
tatic carcinoma [6]. 

A commonly used tool for grading prostate carcinoma is the Gleason system. 
Scores from 6 to 10 are graded into 5 grade groups, which are further used to 
define the risk groups of prostate cancer. 

Clinically, CaP has symptoms like benign prostate hypertrophy (BPH), which 
is also the most common benign pathology in men. The incidence of BPH is age-
related and autopsy studies have revealed that the prevalence of histologic BPH 
ranges from approximately 20% in men aged 41 - 50; to 50% in men aged 51 - 60; 
and to over 90% in men older than 80 [7]. 

Prostate-specific antigen (PSA) is a 33-kilodalton glycoprotein that functions 
as a serine protease [8]. Although it was first identified and purified in the late 
1970s, its widespread application in clinical urology did not occur until the subse-
quent decade. Clinically, PSA is considered organ-specific, being predominantly 
produced by prostatic luminal epithelial cells [9]. Under normal conditions, PSA is 
present in the serum at low concentrations, measured in nanograms per milliliter. 

In the serum, PSA circulates in both bound and unbound forms. The majority 
of serum PSA is bound or complexed with antiproteases such as alpha-1-antichy-
motrypsin (ACT) and macroglobulin [10]. Conversely, free PSA lacking proteo-
lytic activity is likely rendered inactive within prostatic epithelial cells before being 
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released into the serum. This inactive, unbound-free PSA does not form com-
plexes with antiproteases, circulates freely, and is detectable immunologically us-
ing current assays [11]. 

Age-specific reference ranges for PSA levels have been established: 0 to 
2.5 ng/mL for individuals aged 40 - 49 years, 0 to 3.5 ng/mL for those aged 50 - 59 
years, 0 to 4.5 ng/mL for ages 60 - 69 years, and 0 to 6.5 ng/mL for individuals 
aged 70 - 79 years [12]. Following the complete removal of prostate tissue, the 
serum half-life of PSA has been calculated to be approximately 2 to 3 days [13]. 

The presence of prostate diseases such as prostate cancer, benign prostatic hy-
perplasia (BPH), and prostatitis are the most significant factors influencing serum 
PSA levels. While elevated PSA levels may indicate the presence of prostate dis-
ease, not all men with such conditions exhibit increased PSA levels. Moreover, 
PSA elevations are not exclusively indicative of prostate cancer [14]. PSA serves 
as a sensitive yet non-specific screening tool because both benign and malignant 
conditions can lead to elevated serum PSA levels. In prostate cancer, elevated se-
rum PSA levels are likely due to cancer progression and the disruption of the pros-
tate’s histological architecture. Patients with prostatitis or benign prostatic hyper-
plasia often present with elevated PSA levels; however, in these cases, evaluations 
for prostate cancer may ultimately be unnecessary [12]. 

Early studies established a reference range of 0 to 4.0 ng/mL to define normal 
serum PSA levels. This range was determined using the Tandem-R PSA assay (Hy-
britech, San Diego, CA) in a cohort of 37 healthy men, demonstrating that all 
healthy men under 40 years of age and 97% of men over 40 years had PSA levels 
equal to or less than 4.0 ng/mL. These findings were confirmed in subsequent 
studies [15]. 

The choice of a PSA threshold or cut-off point above which one would recom-
mend further evaluation to rule out prostate cancer (prostate biopsy) is different 
among guidelines [16] [17]. In fact, there is still uncertainty as to whether PSA 
levels can be used as a specific marker for diagnosing CaP [18]. As serum PSA 
levels increase with age, age-specific ranges have been defined in older men to 
increase the detection of significant but potentially curable tumors per specific age 
group. Furthermore, while the PSA threshold of 4 ng/mL is commonly used, the 
use of single cut off PSA value for all men may risk the exclusion of an unaccept-
ably high number of patients with clinically significant early-stage prostate cancer 
[16]. At cut off level of 4 ng/mL, the PSA value has a sensitivity of about 20% and 
a specificity of about 93.6% [19]. Men with prostate-specific antigen (PSA) levels 
exceeding 10 ng/mL and a benign digital rectal examination (DRE) have up to a 
60% likelihood of being diagnosed with prostate cancer. These individuals are un-
likely to benefit from further enhancements in PSA sensitivity and specificity. The 
percentages become even more significant for PSA levels greater than 20 ng/mL or 
when the DRE is suspicious for prostate cancer; following surgery in these cases, 
many cancers are found to have extended beyond the prostate gland. Therefore, 
men with PSA levels above 10 ng/mL are encouraged to undergo a biopsy [20]. 
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For men whose PSA levels fall between 4 and 10 ng/mL, achieving specificity in 
cancer detection is more challenging. Cancers identified within this range are of-
ten at earlier stages and potentially more curable but may also represent “insignif-
icant,” potentially non-life-threatening tumors [15]. Due to the considerable over-
lap in serum PSA concentrations between men with and without prostate cancer, 
this range is referred to as the diagnostic “grey zone.” Efforts to improve diagnos-
tic accuracy within this grey zone include the utilization of PSA density (PSAD), 
PSA velocity, and age-specific PSA levels (Table 1). Although the efficacy of these 
PSA derivatives in enhancing the specificity of total PSA is debated among physi-
cians, they have become additional tools for assessing prostate cancer risk during 
clinical consultations [21]. 

 
Table 1. Prostate-specific antigen derivatives. 

PSA  
Derivative 

Definition Threshold Values Limitations 

PSA density 
Serum  

PSA/prostate  
volume 

≥0.15 associated  
with the presence of 

prostate cancer 

-Variations in prostate size, 
shape 
-ratio of stromal to epithelial 
tissue 
-Variations in ultrasound/MRI 
measurement 

PSA velocity 
Rate of  
change  
of PSA 

>0.75 ng/mL  
per year 

-Variations in assay 
-lack of previous results 
-Need for extended wait to make 
clinical recommendations 

Age-specific 
PSA 

Age-specific  
normalized PSA  

values 
 

-Risk missing significant cancer 
in older men 
-overdetection in younger men 

 
A direct correlation between PSAD and the likelihood of cancer has been doc-

umented [22]. In men with a PSA between 4.0 and 10.0 ng/mL and a normal DRE, 
a PSAD greater than 0.15 is considered suspicious for the presence of cancer [23]. 
However, the usefulness of PSAD in prostate cancer detection has not been con-
firmed in all studies. For example, Brawer and colleagues found that PSAD did 
not improve the predictive ability of PSA levels alone in detecting cancer among 
men with PSA values of 4 to 10 ng/mL and normal DRE findings [24]. Conversely, 
several other studies have confirmed its usefulness in prostate cancer screening 
[25]. Higher PSA densities are often observed in groups of men with positive bi-
opsy results compared to those with negative biopsies. This is because prostate 
cancers are more likely to be detected when a constant number of biopsies are 
performed in men with smaller prostate volumes than in those with larger vol-
umes [26]. Variations in the amount of epithelial tissue—the source of PSA—be-
tween prostates of similar size may also play a role. 

Currently, no noninvasive technique exists to precisely quantify the epithelial con-
tribution to total PSA levels. Additionally, the variability in prostate morphology 
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poses challenges for the consistent application of a standardized volume equation 
to estimate prostate size. 

To understand the sensitivity and specificity of PSAD in predicting early-stage 
CaP, we undertook a prospective study enrolling patients in Iraq. Problems with 
PSA test alone and overlapping PSA between BPH and CaP (in the grey zone levels) 
were the main reasons to undertake this study. We also aimed to study if this would 
help in diagnosis of early-stage CaP and decrease rate of unnecessary biopsy. 

2. Aim of the Study 

The aim of this study was to assess the additional value of prostate-specific antigen 
density (PSAD) as diagnostic marker to differentiate patients with benign pros-
tatic hyperplasia from patients with cancer of the prostate in ‘grey zone’ PSA level 
and if there could be any reduction in the need for unnecessary biopsies in this 
patient population. 

3. Patients and Methods 

This study was performed in the Department of Urology; Rizgary Teaching Hos-
pital in Erbil, Iraq, between September 2017 and January 2019. Ninety patients 
aged 55 - 89 years with clinically confined prostatic disease who underwent sur-
gery for prostate were assessed by determination of total serum PSA and transrec-
tal ultrasound (TRUS) examination and were enrolled into the study after giving 
informed consent. 

Data collection began after obtaining approval from the Kurdistan Ministry of 
Health’s Ethical Committee in August 2017 using questionnaire forms and spe-
cific data points included patient’s age, date of admission, laboratory investiga-
tions (PSA, complete blood count, erythrocyte sedimentation rate, blood urea, se-
rum creatinine, blood group, Rh type, general urine examination), radiological 
imaging and their findings (TRUS, abdominal kidney ultrasound, and CT scan of 
pelvis when indicated), preoperative prostatic biopsy in selected cases, type of sur-
gery done for the patient and postoperative prostatic histopathological examina-
tion for all patients. 

To maintain consistency, all the surgeries were performed by the same surgeon. 
The type of surgery performed in these 90 patients was either transurethral resec-
tion of the prostate (TURP) in 62 patients, retropubic prostatectomy (26 patients), 
or radical prostatectomy (2 patients). TRUS examinations were performed using 
a SONAOACEX4 version 2.00.00 scanners with a 6.5 MHz probe (Multiplane 3-D) 
and were carried out by the same radiologist who had experience in performing 
TRUS. Prostatic volume was calculated by ellipsoid formula, which requires the 
measurement of 3 prostate dimensions. The ellipsoid volume formula is applied 
as follows: Volume = height × width × length × 0.52 [27]. 

Serum total PSA was measured in the same laboratory by ELISA method using 
monoclonal antibody test. PSA density was calculated as PSA density = serum 
PSA/prostate gland volume (PSAD = PSA/V). 

https://doi.org/10.4236/oju.2024.1412064


F. S. Raza et al. 
 

 

DOI: 10.4236/oju.2024.1412064 610 Open Journal of Urology 
 

The histopathological examination of the surgically removed prostate was per-
formed by the same pathologist. The validity of PSAD (i.e. sensitivity, specificity, 
positive predictive value) was assessed using the histopathological results as gold 
standard. 

A standard statistical software program (SPSS 17.0 for Windows) was used to 
analyze the data. t-test was used to determine the difference between variables, 
while Contingency Coefficient test was used to relate between variables. A p < 0.05 
was significant, and p ≤ 0.001 was regarded to be highly significant. 

4. Results 

The mean age of the studied sample was 67.9 years (range 55 - 90 ± SD 6.22), in 
the benign group the mean age was 67.7 years (range 56 - 80 years ±SD 9.08) and 
in the malignant group 69 years (range 60 - 89 years ± SD 5.66). The age distribu-
tion of patients is shown in Table 2. 

Histopathological examination of surgically removed prostate revealed prostate 
cancer in 13 patients and benign pathology in 77 patients in Table 3. 

 
Table 2. Distribution of patients according to their age. 

AGE (years) 
Benign Malignant Total 

N (%) N (%) N (%) 

55 - 59 6 (7.7) 1 (7.7) 7 (7.8) 

60 - 69 40 (53) 6 (46.2) 46 (51) 

70 - 79 30 (38.1) 5 (38.4) 35 (40) 

80 - 89 1 (1.2) 1 (7.7) 2 (2.2) 

Total 77 (100.0) 13 (100.0) 90 (100.0) 

 
Table 3. The results of histopathological examination. 

HISTOPATHOLOGY N (%) 

Malignant 13 (14.4) 

Benign 77 (85.6) 

Total 90 (100.0) 

 
All patients with benign group had normal DRE. DRE for the malignant group 

was normal in 38.4% of cases and abnormal (nodular or hard) prostate in 61.6% 
of cases with a sensitivity of 61.53 in detecting CaP as shown in Table 4. 

All patients with the benign group had normal TRUS finding apart from calci-
fication in some patients. While TRUS for the malignant group was normal in 
30.76% of cases and abnormal (hyperechoic, or heterogeneous) in 69.24% of cases, 
with a sensitivity of 69.2 in detecting CaP as shown in Table 5. 

In our study, there was no correlation between PSAD and Gleason score ob-
tained from surgical specimens as shown in Table 6. The mean PSA of the studied  
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Table 4. Distribution of patients according to TRUS findings. 

TRUS 
Benign Malignant Total 

N (%) N (%) N (%) 

Normal 77 (100) 4 (30.8) 81 (90) 

Abnormal 0 0 9 (69.2) 9 (10) 

Total 77 (100.0) 13 (100.0) 90 (100.0) 

 
Table 5. PSAD, Gleason score in malignant group. 

N PSAD (ng/mL2) Gleason score 

1 0.12 7 (4 + 3) 

2 0.154 6 (3 + 3) 

3 0.16 7 (4 + 3) 

4 0.164 8 (5 + 3) 

5 0.17 6 (3 + 3) 

6 0.17 PIN 

7 0.177 5 (2 + 3) 

8 0.178 7 (3 + 4) 

9 0.2 7 (3 + 4) 

10 0.2 PIN 

11 0.204 7 (3 + 4) 

12 0.213 3 (1 + 2) 

13 0.215 3 (1 + 2) 

PIN: Prostate Intraepithelial Neoplasia. 
 

Table 6. Distribution of patients according to PSA value. 

PSA 
(ng/mL) 

Benign Malignant Total 

N (%) N % N % 

4 - 4.9 23 (29.9) - - 23 (25.6) 

5 - 5.9 27 (35) 1 (7.7) 28 (31.1) 

6 - 6.9 12 (15.6) 2 (15.4) 14 (15.6) 

7 - 7.9 3 (3.9) 2 (15.4) 5 (5.6) 

8 - 8.9 3 (3.9) 3 (23.1) 6 (6.7) 

9 - 9.9 9 (11.7) 5 (38.4) 14 (15.6) 

Total 77 (100.0) 13 (100.0) 90 (100.0) 

 
sample was 6.23 ng/mL (range 4 - 9.8 ng/mL ± SD 1.79). In the benign group the 
mean PSA was 5.905 ng/mL (range 4 - 9.8 ng/mL ± SD 1.638) and in the malignant 
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group 8.197 ng/mL (range 5.5 - 9.8 ng/mL ± SD 1.361). The PSA distribution of 
patients is shown in Table 7. 

The mean volume of prostate in the studied sample was 75.94 mL (range 23.4 - 
190 mL ± SD 36.9). In the benign group the mean volume was 80.545 mL (range 
23.4 - 190 ml ± SD 37.681) and in the malignant group 48.123 mL (range 31 - 63 
mL ±SD 10.604). The type of surgery performed for the patients is shown in Table 
8 and the volume distribution of patients is shown in Table 9. 

 
Table 7. Distribution of patients according to prostate volume. In patients with prostate 
volume more than 100 mL, elevation of PSA can be caused by increase in prostate size 
rather than cancer. 

Prostate 
volume (mL) 

Benign Malignant Total 

N (%) N (%) N (%) 

23 - 39 5 (6.5) - - 5 (5.55) 

40 - 59 22 (28.5) 3 (23.1) 25 (27.77) 

60 - 79 21 (27.3) 7 (53.8) 28 (31.11) 

80 - 99 12 (15.6) 3 (23.1) 15 (16.66) 

100 - 119 4 (5.2) - - 4 (4.4) 

120 - 139 5 (6.5) - - 5 (5.6) 

140 - 159 2 (2.6) - - 2 (2.2) 

160 - 179 5 (6.5) - - 5 (5.6) 

180 - 190 1 (1.3) - - 1 (1.1) 

Total 77 (100.0) 13 (100.0) 90 (100.0) 

 
Table 8. Distribution of patients according to PSAD. 

PSAD 
(ng/mL2) 

Benign Malignant Total 

N (%) N (%) N (%) 

>0.15 5 (6.5) 12 (92.3) 17 (18.9) 

<0.15 72 (93.5) 1 (7.7) 73 (81.1) 

Total 77 (100.0) 13 (100.0) 90 (100.0) 

 
Table 9. Correlation between PSAD and histopathology. 

PSAD 
(ng/mL2) 

HISTOPATHOLOGY 

Benign Malignant Total 

N (%) N (%) N (%) 

>0.15 5 (6.5) 12 (92.3) 17 (18.9) 

<0.15 72 (93.5) 1 (7.6) 73 (81.1) 

Total 77 (100.0) 13 (100.0) 90 (100.0) 
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The mean PSAD was 0.0844 (range 0.03 - 0.252 ± SD 0.038) in benign group 
and 0.172 (range 0.12 - 0.213 ± SD 0.025) in malignant group. PSAD distribution 
is shown in Table 8. 

Correlation of histopathology with age, PSA, prostate volume, and PSAD is 
shown in Table 2, Table 7, Table 8, Table 9. 

Histopathological findings in relation to PSAD are shown in Table 9, the cor-
relation between histopathology and PSAD was highly significant, p < 0.001. 

This study shows sensitivity of 92.3%, and specificity of 93.5% when PSAD is 
added to PSA in comparison to PSA alone. 

5. Discussion 

The detection of early prostate cancer depends on the accuracy of DRE, TRUS and 
serum PSA, which are currently considered to be the best tools for the diagnosis 
of this disease [17]. In the PSA range there is a considerable overlap in serum PSA 
concentrations in men with and without prostate cancer. This range has been de-
scribed as the diagnostic “grey zone”. PSAD has been considered to be a better 
tool in differentiating between patients with BPH and prostate cancer [28] [29]. 
The primary goal of utilizing PSA density (PSAD) is to identify clinically signifi-
cant prostate cancers, either by recommending immediate biopsy for patients with 
a PSAD > 0.150 or by considering delayed biopsy based on additional indicators, 
such as elevated PSA velocity. 

While not exposing the entire population (benign) to biopsy and not allowing 
patients with significant cancers to experience a significant delay in diagnosis. The 
advantage of PSAD over PSA velocity is that PSAD is immediate while PSAV re-
sults can be interpreted only after a minimum of a 12 - 18 months follow-up, there 
is no clear-cut evidence to support the use of PSAV as a diagnostic predictive tool 
to indicate the need for biopsy or in active surveillance [30]. 

By relating serum PSA values to the volume of the prostate gland, using PSAD, 
Benson et al. [31] [32] demonstrated an effective method of reducing the number 
of false-positive PSA values. PSAD is based on the premise that, under normal 
circumstances each epithelial cell (producing PSA) will require a given amount of 
stromal support (prostate volume) to maintain normal structure and function. 
While normal prostate tissues and BPH may adhere to this rule, CaP does not. 
Furthermore, BPH grows by expansion, whereas CaP grows by expansion and in-
filtration, which will affect cell number (PSA production) without altering pros-
tate volume [33]. 

The aim of this prospective analysis was to investigate whether PSAD-based 
results could help in the diagnosis of prostate cancer and assist in avoiding a sig-
nificant number of biopsies. This study is the first study performed in Iraq popu-
lation. 

In this study, we observed an overlap in PSA value between benign and malig-
nant prostate (5.905 ng/mL vs 8.197 ng/mL). In patients with BPH (77/90) 85.6% 
the mean PSAD was 0.0844 ng/mL/cm3 and only five patients (5/77) 6.49% had 

https://doi.org/10.4236/oju.2024.1412064


F. S. Raza et al. 
 

 

DOI: 10.4236/oju.2024.1412064 614 Open Journal of Urology 
 

false positive result with PSAD more than 0.15. The result of histopathology in 
those five patients showed moderate to extensive invasion of polymorphic white 
blood cells and the biopsies were histologically classified as benign prostatic nodular 
hyperplasia, glandular and fibromuscular with chronic non-specific prostatitis. 

In the subset of patients with prostate cancer (13/90) 14.4% the mean PSAD 
was 0.172 ng/mL2 and only one patient (1/13) 7.69% had false negative result with 
PSAD less than 0.15. In this patient, DRE was negative with TRUS showing single 
hyperechoic lesion with massive calcification. 

If a PSA cutoff of 4 ng/mL is used for the detection of CaP, 85.55% of patients 
in the grey zone will undergo unnecessary prostate biopsy. On the other hand, 
PSAD when used as an additional test for those patients with PSA values in the 
gray zone (iPSA) 5.55% of patients will undergo unnecessary biopsy, while in 
1.11% of the patients the diagnosis of CaP would be missed. 

The correlation between the results of histopathology and the PSAD was highly 
significant, p < 0.001, and PSAD with a cutoff of 0.15 ng/mL2 showed sensitivity 
of 92.3%, a specificity of 93.5%, with a positive predictive value of 70.5 % and 
accuracy of 93.3%. 

We must realize that PSAD is an additional tool in CaP detection. Its usefulness 
has not been confirmed in all studies. Catalona and colleagues found that PSAD 
failed to detect up to 50% of cancers in men with PSA values within the diagnostic 
gray zone [34]. Another study which was performed by Wolff et al where PSAD 
limit of 0.15 was used and showed a sensitivity of 77.3%, a specificity of 80.0% and 
a positive predictive value of 81.0% [35]. Van Iersel in their study in on 91 patients, 
showed that in BPH patients mean PSA was 6.8 ng/mL, while in CaP it was 7.5 
ng/mL; in BPH the mean volume was 50.0 mL and in CaP patients it was 40.0 mL 
in CaP and the mean PSAD of 0.13 ng/mL2 in BPH and 0.19 ng/mL2 in CaP with 
p = 0.027 [36]. In our study, the mean PSA was 5.90 ng/mL in BPH and 8.19 
ng/mL in CaP, the mean volume of 80.54 mL in BPH and 48.12 in CaP, mean 
PSAD 0.08 in BPH and 0.172 in CAP with p < 0.001. The conflicting results with 
PSAD could be caused by variations in the amount of epithelium (source of PSA) 
between prostates of similar size, but there is no noninvasive method for deter-
mining how much epithelium is contributing to overall PSA. It can also be caused 
by variability in prostate shape limiting the use of a common volume equation for 
calculating prostate size. 

The reliability of PSAD is a product of the reliability of its constituents. The 
accuracy of PSAD obviously depends on the accuracy with which the PSA and 
prostatic volume are assessed. The production of PSA per volume of prostatic tis-
sue is not only related to the presence of BPH and prostate cancer but also to the 
proportion of epithelial cells and to the histological grade of the carcinoma [37]. 

In our study we found that there is no correlation between PSAD and Gleason 
score and we had no possibility to calculate the proportion of epithelial cells (pro-
ducing PSA?) in pathology slides. 

Certain limitations need to be noted in our study. Prostatic inflammation (acute 
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and chronic) and urinary retention can cause PSA elevations to variable degrees 
[38]. Prostatic trauma such as occurs after prostatic biopsy can result in a leak of 
PSA into the circulation that may require more than 4 weeks for return to baseline 
values [39]. DRE as performed in an outpatient setting can lead to increases in 
serum PSA [40] [41]. However, the change in PSA after DRE would not appear to 
be clinically significant. Ejacualtion can lead to an increase in PSA within 48 
hours, and this fractional increase in PSA is expected to return to baseline levels 
in most men. A history of sexual activity and a repeated PSA test after 48 hours of 
sexual abstinence may be helpful in the interpretation of serum PSA levels that are 
minimally elevated [42]. Other limitations include a small cohort of patients stud-
ied and intra-person variability arising due to the sonologist performing TRUS. 

In the future, accuracy of CaP detection can be further enhanced by using se-
rum free-PSA density [43], MRI-based PSA density [44], or application of differ-
ent cutoff value. Ongoing studies assess PSAD predictive value in certain patient 
populations, and integration of PSAD into decision-making for prostate biopsy 
which may facilitate improved risk-adjusted care. 

In summary, in this study we see that PSAD could be helpful and supplemen-
tary to DRE and TRUS in detection of CaP. PSAD can be helpful in differentiating 
serum PSA elevations secondary to BPH from those secondary to CaP and provide 
additional information regarding the need for biopsy in the intermediate range 
between 4 and 10 ng/mL, especially in patients with organ-confined CaP who are 
candidates for radical treatment. PSA-based screening assessments remain the 
most important method of prostate cancer detection [45]. As for patients who pre-
sent with the “grey zone” PSA in the range of 4 to 10 ng/mL, present a risk of 
performing too many unnecessary biopsies, wherein these additional tests can be 
of valuable support in the diagnostic process. This study confirms usefulness of 
PSAD in Iraq population adding important evidence to prostate cancer detection 
in this patient population. 

Further studies including larger cohort of patients are recommended to further 
confirm the benefit of addition of PSAD to ‘gray zone’ PSA levels. 
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