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Abstract:
Introduction: Benign prostatic hyperplasia (BPH) and prostate carcinoma are prevalent prostatic diseases among
aging males, presenting commonly with lower urinary tract symptoms (LUTS). Serum prostate-specific antigen
(PSA), although widely used, lacks specificity due to elevation in benign conditions. PSA density (PSAD), defined as
the ratio of total PSA to prostate volume, has emerged as a potential tool to improve diagnostic accuracy in
differentiating BPH from prostate carcinoma.
Aims and Objectives: To evaluate the diagnostic value of PSA density in predicting carcinoma of the prostate.
Specific objectives were to measure PSAD in patients with LUTS and analyze its association with histopathological
outcomes.
Materials and Methods: This prospective observational study included 100 men aged 250 years with LUTS due to
suspected prostatic disease at a tertiary center in Sarojini Naidu Medical College, Agra, UP, India over a period of
one year. All patients underwent digital rectal examination, PSA testing, and ultrasound to measure prostate
volume. PSAD was calculated, and diagnosis was confirmed through biopsy or histopathology following surgery. A
PSAD cutoff of 0.15 ng/ml? was assessed for diagnostic performance using SPSS v26.
Results: Among 100 patients, 70 were diagnosed with BPH and 30 with carcinoma prostate. PSAD >0.15 ng/ml?
showed a sensitivity of 93.1%, specificity of 92.6%, PPV of 81.8%, NPV of 94.9%, and diagnostic accuracy of 92.7%.
ROC analysis yielded an AUC of 0.929, indicating excellent discriminative ability.
Conclusion: PSAD is a reliable, non-invasive tool that improves prostate cancer detection, particularly in the PSA
“gray zone,” enhancing clinical decision-making and reducing unnecessary biopsies.
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1. Introduction benign prostatic enlargement (BPE) and benign

The prostate, first named by Herophilus in 300 B.C,,
is so called due to its anatomical position “standing
before the bladder” 1. Benign prostatic hyperplasia
(BPH) is a histological condition characterized by
proliferation of glandular and stromal elements in
the prostate and is the most common urological
condition in aging men 2. The prevalence of
histological BPH rises with age-about 50% of men
aged 51-60 years and more than 90% of men above
80 years show histological evidence of BPH, although
not all are symptomatic 3. Clinically, terms like
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prostatic obstruction (BPO) are used to describe the
anatomical and functional consequences of BPH “.

Lower urinary tract symptoms (LUTS) in older men
can be attributed to various causes, including BPH,
detrusor overactivity, nocturnal polyuria, and
neurologic or systemic diseases “. Digital rectal
examination (DRE), although routinely used, lacks
sufficient  sensitivity and specificity and has
significant inter-observer variability 5 Serum
prostate-specific antigen (PSA), a serine protease
secreted by prostatic epithelial cells, is widely used
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for screening prostate carcinoma. However, PSA is
organ-specific rather than cancer-specific and can be
elevated in BPH, prostatitis, or after procedures like
catheterization or biopsy ¥ °.

To improve the specificity of PSA testing, PSA density
(PSAD)-the ratio of total PSA to prostate volume-was
introduced. It is based on the principle that
cancerous prostates secrete more PSA per gram of
tissue than benign glands 7. Prostate volume is
usually measured by transabdominal or transrectal
ultrasound using the ellipsoid formula. Studies
suggest that a PSAD threshold of 20.15 ng/ml? offers
high sensitivity and specificity for detecting clinically
significant prostate cancer, particularly in the PSA
“gray zone” of 4-10 ng/ml 7.

Rationale: Given the limitations of PSA and DRE
alone, this study investigates the diagnostic value of
PSAD in distinguishing between BPH and carcinoma
of the prostate in patients with LUTS.

AIM: To estimate the diagnostic value of PSA Density
in predicting carcinoma of the prostate.

Objectives

= To measure the PSA Density in patients with
lower urinary tract symptoms due to prostatic
disease.

= To estimate the association between PSA
density with histopathological findings.

Methodology

This was a prospective observational study
conducted in the Department of Urology, Sarojini
Naidu Medical College, Agra, UP, India, over 2 years
(January 2023 to January 2025).

The study population included men aged 50 years
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and above presenting with lower urinary tract
symptoms (LUTS) attributed to prostatic disease. A
total of 100 eligible patients were included using
purposive sampling based on defined criteria.

Inclusion criteria: Men 250 years with LUTS due to
prostatic disease, Patients with abnormal digital
rectal examination (DRE) or raised serum PSA, and
Patients who underwent TURP or prostatectomy
during follow-up for failed medical therapy.

Exclusion criteria: Uncontrolled diabetes,
hypertension, thyroid disorders, or bleeding
diathesis, Untreated urinary tract infections, Non-
prostatic causes of LUTS, Patients unwilling or
unable to consent.

The study began with patient selection through
clinical history, DRE, PSA estimation, and
transabdominal ultrasonography (TAUS) to measure
prostate volume. PSA density (PSAD) was calculated
as total PSA divided by prostate volume. Patients
with suspicious DRE or elevated PSA underwent
TRUS-guided 12-core biopsy. Others who later
underwent TURP or prostatectomy for failed medical
therapy were also included if pre-treatment PSA and
prostate volume data were available. All tissue
specimens underwent histopathological
examination.

The diagnostic accuracy of a PSAD cut-off 20.15
ng/ml? in differentiating carcinoma from benign
prostatic hyperplasia (BPH) was assessed. Statistical
analyses included sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV), and Independent t-tests using SPSS trail
version 26.
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Figure 1: Flow-diagram representing the methodology of the study

Results

The age-wise distribution of Benign Prostatic
Hyperplasia (BPH) and Carcinoma Prostate (Ca
Prostate) cases reveals significant trends. The age-
wise distribution shows that BPH is most common in

the 60-69 age group (38.6%), while Ca Prostate
peaks in the 70-79 age group (46.7%). BPH tends to
occur earlier, whereas prostate cancer incidence
increases with age, especially after 70 vyears,
highlighting the need for age-specific screening.

Table 1: Distribution of range of PSA in BPH and Carcinoma prostate

PSA Range (ng/ml) BPH (% of total BPH cases) Ca prostate (% of total Ca prostate cases)
1-10 67 (95.7%) 9 (30%)

10.1-20 3 (4.3%) 15 (50%)

20.1-30 0 4 (13.3%)

30.1-40 0 2 (6.6%)
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Table shows the PSA distribution in BPH and
Carcinoma Prostate cases. Most BPH patients
(95.7%) had PSA levels in the 1-10 ng/ml range, with

no cases above 20 ng/ml. In contrast, Ca Prostate
cases had higher PSA values, with 70% showing
levels above 10 ng/ml.

Table 2: Distribution based prostate volume among BPH and carcinoma prostate

Prostate volume (ml) BPH (%) Ca prostate (%)
40-50 31 (44.3%) 16 (53.3%)
51-60 18 (25.7%) 11 (36.7%)
61-70 10 (14.3%) 2 (6.7%)

71-80 4 (5.7%) 1(3.3%)

81-90 1(1.4%) 0

>90 6 (8.6%) 0

Total 70 30

Table 2 shows the distribution of prostate volume in
BPH and Carcinoma Prostate cases. In both groups,
the majority had prostate volumes between 40-60
ml (BPH: 70%; Ca Prostate: 90%). Larger prostate
volumes (>70 ml) were seen more often in BPH

(15.7%) compared to carcinoma cases (3.3%). This
suggests that while moderate prostate enlargement
is common in both conditions, significantly enlarged
prostates are more typical of BPH than prostate
cancer.

Table 3: Distribution of PSA density in BPH and carcinoma prostate

PSAD (ng/ml?) Number of BPH cases

Number of Ca prostate cases

<0.15 68

1

>/=0.15 2

29

The distribution of PSA density (PSAD) in BPH and
Carcinoma Prostate cases. A PSAD value of <0.15
ng/ml?> was observed in 68 out of 70 BPH cases,

while 29 out of 30 Ca Prostate cases had PSAD >0.15
ng/ml2.

Table 4: Mean PSA, prostate volume & PSA density in BPH and carcinoma prostate

Parameter BPH (Mean) Carcinoma Prostate (Mean) | T-statistic P-value
PSA (ng/ml) 5.87 14.58 -11.62 <0.0001
Prostate Volume (ml) 59.26 52.67 3.19 0.0019
PSA Density (ng/ml?) 0.098 0.27 -24.66 < 0.0001

The differences in mean PSA and PSA density
between BPH and Carcinoma Prostate are highly
statistically significant (p < 0.0001), indicating these
markers are effective in distinguishing between
benign and malignant prostate conditions. The mean
prostate volume also shows a significant difference

(p = 0.0019), with BPH generally associated with
larger prostate sizes. PSA density, in particular,
showed the strongest statistical separation between
the two groups, reinforcing its value as a diagnostic
marker.

Table 5: Diagnostic Performance of PSA Density (PSAD) in Differentiating BPH and Carcinoma Prostate Cases

Positive Negative
PSAD 12
(ng/ml’) BPH Ca prostrate BPH Ca prostrate
<0.15 75 2 2 75
>0.15 6 27 27 6

This table illustrates the distribution of PSA Density
(PSAD) among BPH and carcinoma prostate patients
based on a cut-off value of 0.15 ng/ml?>. Among
patients with PSAD < 0.15, 75 were true negatives
for carcinoma (BPH cases), and only 2 were false
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negatives (missed carcinoma cases). Conversely,
PSAD > 0.15 correctly identified 27 carcinoma cases
(true positives) and misclassified 6 BPH cases as
positive (false positives).
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Table 6: sensitivity, specificity, positive and negative predictive value of PSAD in BPH and ca prostrate

PSAD BPH Ca Prostrate
Sensitivity 92.59% 93.1%
Specificity 93.1% 92.59%
Predictive value of positive test 94.93% 81.81%
Predictive value of negative test 81.81% 94.93%
Percentage of false negative 7.4% 6.89%
Percentage of false positive 6.89% 7.4%
Overall accuracy 92.72% 92.72%

The sensitivity of PSAD in detecting Ca Prostate is
high at 93.1%, indicating that it correctly identifies
most true positive cases. Its specificity is also high
(92.59%), meaning it effectively distinguishes non-
cancer (BPH) cases. The positive predictive value
(PPV) for Ca Prostate is 81.81%, while the negative
predictive value (NPV) is 94.93%, showing that a
negative PSAD test strongly suggests the absence of
cancer.

For BPH, the sensitivity is 92.59%, and specificity is
93.1%, with a PPV of 94.93% and NPV of 81.81%. The
false negative and false positive rates are low for
both conditions (~7%), and the overall diagnostic
accuracy is 92.72%.

PSAD is a reliable and accurate marker for
distinguishing BPH from prostate cancer, with high
sensitivity, specificity, and diagnostic accuracy,
making it a valuable tool in clinical decision-making.

Ca Prostate Detection ROC Curve
‘3;'100%-: 2 @
25% 50% 75% 100%
False Positive Rate (1 - Specificity)

Figure 2: ROC and AUC for ca prostate

Auc: 0.929-Slightly better overall performance,
Emphasis on Sensitivity (93.10%)-Better at detecting
actual cancer cases. Clinical Use: it is Ideal for cancer
screening where missing cases are more critical.

Discussion

The limited dependability of PSA in detecting
clinically relevant prostate cancer_remains a major
worry in the post-PSA screening era. Benson et al. ©
initially established the use of PSAD to increase the
rate of cancer detection when PSA was in the grey
zone, which is between 4 and 10 ng/ml. Later, when
Catalona et al. ! adopted a PSAD cutoff of 0.078
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ng/ml? in males with PSA values in this grey zone,
they discovered great cancer detection performance
(95% sensitivity). They discovered that in this
population, a cutoff of 0.15 ng/ml*> would have
missed 40% of cancer occurrences.

In the present study Serum PSA levels showed clear
differentiation; most BPH patients (95.7%) had PSA
between 1-10 ng/dl, with very few exceeding 10
ng/dl, whereas carcinoma patients predominantly
had PSA levels between 10.1-20 ng/dl (50%), with
some cases exceeding 30 ng/dl. These findings
reinforce that while PSA is useful, a single PSA cut off
is insufficient for screening, as cancer may present at
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PSA <4 ng/ml, consistent with the literature of
studies of Catalona et al, Babaian et al. 112

Prostate volume analysis revealed that most
patients with both BPH and carcinoma had volumes
between 40-50 ml, but carcinoma was more
common in smaller prostates, aligning with previous
studies by Gonzalez-Enguita et al. and Ito et al. > 14,
indicating higher cancer detection rates in smaller
prostates.

PSA density proved a strong discriminator between
BPH and carcinoma. Nearly all carcinoma cases had
PSAD >0.15 ng/ml?, while most BPH cases had lower
values. Statistical analysis confirmed this association
as highly significant (p<0.05). The diagnostic
accuracy of PSAD in our study was excellent, with
93.1% sensitivity and 92.59% specificity, comparable

to prior studies done by Segawa et al. and Lotfi M et
al. 15,16

Conclusion

Prostate  cancer screening remains  highly
controversial in urology, with research focused on
developing cost-effective adjuncts to PSA testing
that maximize the detection of clinically significant
cancers while minimizing unnecessary biopsies. The
present study demonstrates that PSA density (PSAD)
is a valuable, non-invasive, and readily calculated
parameter for evaluating elevated PSA in patients
with prostatic disease, particularly effective for PSA
values <10ng/ml. A PSAD cut-off of 0.15ng/ml?
showed high specificity (92.6-93.1%), acceptable
sensitivity  (92.6-93.1%) and excellent overall
accuracy (92.7%), effectively identifying appropriate
biopsy candidates while reducing unnecessary
procedures and improving screening precision in the
challenging intermediate PSA range.
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