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Abstract Background Determination of isolated prostate-specific antigen (PSA) in asymptom-

atic individuals has not demonstrated sufficient sensitivity and specificity to be useful
in the routine evaluation of prostate disease. To enhance the accuracy of serum PSA
we have used a proportion of serum PSA and prostate volume, which we refer to as
prostate-specific antigen density (PSAD). Prostate volume in this study was calculated
using transrectal ultrasonography (TRUS).

Materials and Methods A total of 106 patients with prostatic disease clinically con-
fined to the prostate glands were evaluated.

Results and Observation The mean PSAD for prostate cancer was 0.15 * 0.01
while that for benign hypertrophy of the prostate (BPH) was 0.11 + 0.02 (p < 0.05).
Significant difference (p < 0.05) was noted in the prostate volume in these two groups
with the mean prostate volume measured by TRUS in the BPH to be 53.85 + 9.71 mL
compared with 58.14 £ 7.48 mL in the carcinoma. PSA density of 0.13 ng/mL can be
used as a cutoff for the individual in our set-up who should go for prostate biopsy with
sensitivity and specificity of over 90%.

Conclusion These results suggest that PSAD may be useful in distinguishing BPH and
prostate cancer.
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incidence rates in India was 3.7/100,000 persons during
the year 2008 with regional variation of 0.8 in the state of
Manipur and 10.9/100,000 person-years in Delhi.>* These
types of variation also exist in western countries with African
American men having a high mortality rate of 43 per 100,000
in the period 2008 to 2011.3*

There is a need to devise a reliable test for detecting
early-stage prostate cancer without metastasis, for effective

Introduction

With the aging of population globally, benign and malignant
changes in the prostate are becoming increasingly common
and prostate cancer is the second most common cancer in
men. With such a high prevalence of these diseases, in 2017
approximately 161,260 prostate cancer cases were diag-
nosed, out of which 26,730 men died from prostate cancer in
the United States.! The overall age-adjusted prostate cancer
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initiation of treatment.5’ Majority of the prostate cancer
patients at the time of diagnosis present with local inva-
sion or metastasis.® So, it is important to differentiate the
benign hypertrophy of the prostate (BPH) from its malig-
nant condition; the prostate cancer at the earliest should
start with the effective treatment, thereby reducing the
mortality as well as morbidity. The digital rectal examina-
tion (DRE) is a commonly followed procedure in routine
clinical practice for prostate cancer detection. But DRE
misses a significant number of cancers, including many early
organ-confined tumors.5#° Prostate-specific antigen (PSA), a
kallikrein-related serine protease that was approved in 1994
for the detection of prostate cancer, has a controversial role.
The American Cancer Society recommends the physicians to
offer PSA testing and a DRE on an annual basis for men over
the age of 50 using the criteria that have been evolved over
time.5 Using the commonly used threshold of PSA for pros-
tate biopsy, which is 4 ng/mL, many men with a PSA elevation
beyond this do not have histologic evidence of prostate can-
cer at biopsy. So utmost care is required to select the individ-
uals for prostate biopsy whenever the PSA ranges between
4 and 10 ng/mL, the next threshold for prostate cancer.’® To
improve diagnostic accuracy of men with a PSA between
4 and 10 ng/mL, the gray area between BPH and carcinoma,
different entities are being used, like PSA density (total serum
PSA/prostate volume), prostate velocity (PSA doubling time),
and percentage of free PSA (free PSA/total PSA).! Considering
the above facts, a diagnostic type of study using prostate
biopsy as gold standard test was undertaken to know the
sensitivity and specificity of the PSA density measurement
by transrectal ultrasonography (TRUS) in patients of BPH
suspected for carcinoma. The current study was conceived
with the aim of investigating the sensitivity and specificity of
prostate-specific antigen density (PSAD) measurement using
biopsy as a gold standard test and also to estimate the cutoff
PSAD in differentiating BPH from carcinoma.

Materials and Methods

Study Design and Sample Size
A hospital-based analytical cross-sectional study was
performed.

Study Participants and Data Collection

A total of 106 patients with different urinary symptoms
were recruited prospectively for the case group from
September 2016 to August 2018 from the Urology Outpatient
Department. All the recruited individuals were subjected
to PSA and renal function test, urine analysis, and other
metabolic profile to rule out any co-morbid condition. The
exclusion criteria were urinary tract infection, prostatitis,
urethral stricture, and co-morbid conditions like abnormal
coagulation profile, uncontrolled diabetes mellitus, and elec-
trolyte derangements. Cases with PSA above 2.6 ng/mL were
advised for TRUS without including in the study group for
their benefits. Individuals with PSA values between 4 and
9.99 ng/dL were included in the study and subjected to TRUS
and prostate biopsy. TRUS was performed in the Department
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of Radiology and Imaging and biopsy was processed and
reported by the Department of Pathology.

PSA was estimated by Beckman Coulter DXI immunoassay
system using the principles of chemiluminescence which is
an immunoenzymatic (“sandwich”) assay. In this procedure,
a sample is added to a reaction vessel with mouse mono-
clonal anti-PSA alkaline phosphatase conjugate and para-
magnetic particles coated with a second mouse monoclonal
anti-PSA antibody. The PSA in the sample binds to the immo-
bilized monoclonal anti-PSA on the solid phase. The mono-
clonal anti-PSA alkaline phosphatase conjugate reacts with a
different antigenic site on the sample PSA. After incubation,
materials bound to the solid phase are held in a magnetic
field while unbound materials are washed away. Then the
chemiluminescent substrate Lumi-Phos 530 is added to the
vessel and light generated by the reaction is measured with a
luminometer. The light production is directly proportional to
the concentration of PSA in the sample. The amount of ana-
lyte in the sample is determined from a stored, multipoint
calibration curve. Renal function test and metabolic profile
were estimated by photometric principle using the Beckman
Coulter AU 2700 System.

Statistical Analysis

The data were analyzed using SPSS 22.0 software (SPSS Inc.).
Continuous data were presented as mean (with standard
deviation) or median (with range) depending upon whether
they were normally distributed or not. Subsequently, their
comparisons among groups were performed by an unpaired
t-test. In all calculations, a two-tailed p-value <0.05 was
regarded as statistically significant.

Ethics

The study was complied with the tenets of the Helsinki
Declaration and was approved by the Institutional Ethics
Committee. Voluntary informed written consent was pro-
cured from all the participants of the study.

Results

Dividing the 106 individuals that were included during the
study with PSA values ranging between 4 and 9.99 ng/mL
into two groups: BPH and carcinoma, it was observed that
54 out of 106 individuals that were subjected for biopsy were
positive for carcinoma (=Table 1). Unpaired t-test was per-
formed between the two groups BPH and carcinoma to find
out for any significant difference with respect to PSA, free
PSA, prostate volume, and PSA density (=Table 1). =Fig. 1
shows the receiver operating characteristics (ROC) curve to
find out the sensitivity and specificity of different parame-
ters like PSA, free PSA, and prostate volume measurement by
TRUS along with the area covered by the ROC curve. To find
out the trend in PSA values in the subjects that were included
during the study, a cross tabulation (=Table 2) was done
between biopsy and dividing the 106 individuals into three
groups based on PSA values, 4 and 5.99, 6 and 7.99, and 8 and
9.99 ng/mL. An ROC curve was constructed for PSA density to
find out the sensitivity and specificity with area under the
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Table 1 Showing unpaired t-test between the two groups benign hypertrophy of prostate and prostate cancer

Parameter BPH (n = 52) Carcinoma (n = 54) p-Value

PSA (ng/mL) 5.59+1.16 8.44 £ 0.86 1.98 (NS)

Free PSA (ng/mL) 1.74+0.58 0.72+0.34 1.44 (NS)

Prostate volume (mL) 53.85+9.71 58.14+7.48 0.0125 (significant)
Percentage PSA 31.16+£8.83 8.44 +£3.99 1.56 (NS)

PSA density (ng/mL) 0.11+0.02 0.15+0.01 2.16 (NS)

Abbreviations: BPH, benign hypertrophy of the prostate; NS, nonsignificant; PSA, prostate-specific antigen.
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Fig. 1 ROC curve for PSA, prostate value, and free PSA with area
under the curve in the study conducted during the period September
2016 to August 2018. PSA, prostate-specific antigen; ROC, receiver
operating characteristics.

curve (=Fig. 2). =Table 3 shows the sensitivity and speci-
ficity at the optimum to find out the threshold of PSA den-
sity beyond which all subjects with values higher than the
threshold should go for biopsy.

Discussion

Out of 106 individuals that were included in the study,
54 (50.9%) were biopsy positive. Mean PSA value in the BPH
group was 5.59+ 1.16 ng/mL, whereas prostate cancer group
presented with the mean PSA value of 8.44 +0.86 ng/mL. No
significant difference (p = 1.98) was noted between these
groups (=Tables 1 and 2). Also, there was no significant dif-
ference in free PSA, percentage of free PSA, and PSA density
between the two groups of BPH and prostate cancer indicat-
ing that these parameters has nothing to do with the expo-
sure variable. Mean PSA density was 0.11 + 0.02 ng/mL in
the BPH group and in the individuals with prostate cancer
the mean value was 0.15 = 0.01 ng/mL. Significant difference
(p <0.05) was noted in the prostate volume in these two
groups with mean prostate volume by TRUS in the BPH to be
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53.85 + 9.71 mL compared with 58.14 +7.48 mL in the
carcinoma. The study conducted by Serdar et al in 2002 found
no significant difference with respect to total PSA, free PSA,
percentage of free PSA, and PSA density.!" Xie et al in 2018
reported that in their study, the overall prostate cancer was
detected in 42% of the patients (362/862)."? In a study con-
ducted by Tijani et al in the year 2017 at Urological Center,
Lagos, no significant difference with respect to median PSA
or prostate volume was found. However, they found a statis-
tically significant difference with respect to the PSA density.
In their study, median PSA density in the BPH group was
0.11 (0.03-0.32) ng/mL, whereas the median prostate den-
sity for the prostate cancer was 0.16 (0.02-0.55) ng/mL."®
This may be due to the fact that the PSA density is dependent
on the size of the prostate which do not actually correlate to
the occurrence of cancer. Literature shows that in the inter-
mediate zone the occurrence of prostate cancer is higher in
those individuals with low prostate volume.'+-1¢

PSA was approved by Food and Drug Administration (FDA)
for use in prostate screening way back in 1994 and it is the
most commonly used parameter for prostate cancer screen-
ing in the United States."'”'® Catalona et al in a metacen-
tric study done on 6,374 men of 50 years of age and older
showed that 72% or (93/130) of prostate cancers detected by
PSA and DRE were organ-confined indicating an early stage
of cancer. The study conducted by Catalona et al also demon-
strated that PSA testing in conjugation with DRE was more
effective in detecting prostate cancer than DRE alone.™ Our
study showed that that PSA is still a good marker for screen-
ing of prostatic pathology with area under curve (AUC) of
0.967 (=Fig. 1). Our finding in the study can be supported
by the fact that a single PSA measured at age 60 is associ-
ated with AUC of 0.90. The major problem of estimating the
serum PSA is that there might be elevated PSA in case of
prostatitis or urinary tract infection (UTI) even in the proce-
dure of prostatic biopsy.! So care has to be taken in excluding
these confounding factors. Dividing the individuals that were
included in our study into three groups based on the PSA lev-
els (=Table 2), it was found that highest occurrence of biopsy
of positive prostate cancer (100%) in the group with serum
PSA concentration is in the range of 8 to 9.99 ng/mL. This is
an interesting finding in our study. The study conducted by
Nam et al, with a patient population of 3,010 eligible men in
the Prostate Centres of the University of Toronto concluded
that serum PSA is one of the predictors for the presence of
aggressive prostate cancer at diagnosis, which is a similar
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Table 2 Showing the cross tabulation of different PSA groups with biopsy

Biopsy Total
BPH Cancer
PSA group 4-5.99 ng/mL Count 36 0 36
% within PSA group 100.0% 0.0% 100.0%
% within biopsy 69.2% 0.0% 34.0%
6-7.99 ng/mL Count 14 19 33
% within PSA group 42.4% 57.6% 100.0%
% within biopsy 26.9% 35.2% 31.1%
8-9.99 ng/mL Count 2 35 37
% within PSA group 5.4% 94.6% 100.0%
% within biopsy 3.8% 64.8% 34.9%
Total Count 52 54 106
% within PSA group 49.1% 50.9% 100.0%
% within biopsy 100.0% 100.0% 100.0%

Abbreviations: BPH, benign hypertrophy of the prostate; PSA, prostate-specific antigen.
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Fig. 2 ROC curve for PSA density with area under the curve in the
study conducted during the period September 2016 to August
2018. PSA, prostate-specific antigen; ROC, receiver operating
characteristics.

finding in accordance with our result.!® But the major issue
with the PSA is the overdiagnosis with prostate cancer in
men having early-stage clinically indolent disease. Unless
the exclusion criteria are made stringent there is every pos-
sibility of men with benign diseases like UTI and hyperplasia
being biopsied for prostate cancer.2’?!

The AUC for prostate volume in our study was 63.4% indi-
cating that prostate volume has an important role in deciding
the individuals who should go for prostate biopsy (=Fig. 1).
There exist many studies which included prostate volume as a

Table 3 Showing the sensitivity and specificity of the prostate
density at the optimum during the study

Prostate density Sensitivity 1-Specificity
0.1208 0.944 0.115
0.1241 0.944 0.096
0.1247 0.926 0.096
0.1252 0.926 0.077
0.1256 0.926 0.058
0.1273 0.926 0.038
0.1291 0.907 0.038
0.1304 0.889 0.038

component of nomogram for prostate cancer screening along
with percentage of free PSA, PSA density, and age.”? ~Fig. 2
shows the ROC curve for the PSA density measurement by TRUS
in our study with an AUC of 0.953 (95% confidence interval
0.9-1.0). This finding shows that PSA density measurement by
TRUS is good enough in predicting the occurrences of prostate
cancer in our study group. PSA density provides a reliable indi-
cation to go for biopsy to those individuals suspected for carci-
noma. The study by Serdar et al reported that the AUC for PSA
density was 0.631." On the other hand, Xie et al reported an
AUC of 0.796 in their study conducted on 862 individuals for
PSA density.’? PSA density is very much useful in differentiat-
ing BPH and prostate carcinoma in the gray zone of serum PSA
between 4 and 10 ng/mL.">* While measuring the PSA density
it is to be noted that PSA density is dependent on the serum PSA
level. Normal serum PSA range varies according to age, race, and
different geographical location.?* So a nomogram designed in
western set-up to detect prostate cancer may not work on Asian
population.?? This is applicable to our population also which is a
part of Northeast India. One of our objectives of the study was to
find out the cutoff of PSA density for our set-up. ~Table 3 shows
the sensitivity and specificity of PSA density measurement by
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TRUS at the optimum. From this table it is evident that PSA den-
sity of 0.13 ng/mL can be used as a cutoff for the individual in
our set-up who should go for prostate biopsy with sensitivity
and specificity of over 90%.

Limitation of the Study

This was a small sample size, hospital-based cross sectional
study. A well-designed follow-up study with higher sample
size is required.

Conclusion

In summary, PSAD is a simple, inexpensive, and good tool that
can be used to differentiate BPH from prostate cancer in the
gray zone of serum PSA between 4 and 10 ng/mL and PSAD of
0.13 ng/mL can be used as a cutoff for our set-up. If validated,
it can be used to identify men who can likely forego prostate
biopsies, thus reducing the over detection and morbidity of
unnecessary biopsies.
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