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The incidence of various cancers including the prostate, is on the rise globally.
Prostate cancer is one of the most frequently reported cancer in men worldwide. This study
was done to study the correlation of free PSA, percentage free PSA, and PSAD, with prostate
biopsy findings, and the role of DRE in screening for carcinoma prostate. The cross-sectional,
correlational study was conducted at a tertiary care hospital in Coastal Kerala, over a period
of 18 months in a sample size of 100 patients. The following was the study outline followed;
Results The prevalence of prostate cancer was found to be 41%, maximum number of patients
were in the age group of 50 -70 years of age. Percentage free PSA (%fPSA) and prostate volume
were found to vary significantly between patients with Benign Prostate Hyperplasia and prostate
cancer. At a cut off of 0.15, PSA density was seen to significantly vary between patients with
BPH and prostate cancer. At a cut off of 15% (chosen based on prior studies), % fPSA was seen to
significantly vary between patients with BPH and prostate cancer. The sensitivity and specificity
of %fPSA were 73.17% and 93.22% respectively. Digital rectal examination varied significantly
between patients with benign enlargement and those with malignancy. However, false positive
rate with DRE alone was 44.06%. DRE continues to be a useful screening technique as a part
of clinical examination to identify patients who should undergo further screening for prostate
cancer such as PSA estimation, free PSA estimation, and if required, a prostate biopsy, but DRE
alone cannot be used to make accurate clinical decision owing to the false positives. Percentage
fPSA could be a useful tool that can be used to avoid unnecessary biopsies in patients with a
PSA range between 4.0 — 10.0 ng/ml.
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The incidence of various cancers including
the prostate, is on the rise globally. Prostate cancer
is one of the most frequently reported cancer in men
worldwide. In India, data from various Population
Based Cancer Registries (PBCRs), has shown
that prostate cancer is present among the ten most

frequently reported cancers across major cities
and metros. It is the second most common cancer
reported in Delhi, Kolkata, Thiruvananthapuram
and Nagpur. According to a latest report, prostate
cancer among population above the age of 60
years, was responsible for highest DALY's (Disease
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Associated Life Years). %3 What is worrisome is
the fact that in the last decade, prostate cancer has
been seen to be diagnosed or detected at a later
stage of the disease, which makes it more difficult
to treat. The proportion of cases of carcinoma
prostate being detected at a more advanced stage
of the disease increased from 3.9% to 8.2% in the
past ten years.*

Prostate specific antigen (PSA), a
glycoprotein expressed by the prostate tissue, is
expressed by normal and malignant cells alike.
The measurement of PSA is an important tool
to screen for prostate cancer, and also, to assess
response to treatment as well as recurrence of
cancer. According to a systematic review conducted
by the American Cancer Society, the sensitivity of
a PSA cut-off of 4.0 ng/mL, was 21% for detecting
any prostate cancer, and51% for detecting high-
grade cancers.’ A higher PSA level has been seen
to be associated with a higher risk of malignancy,
high-grade cancer, a higher tumour stage, or even
metastases. However, a PSA value above the
traditional 4.0 ng/mL cut-off has been seen to
detect a cancer on biopsy in only about 25-30% of
patients.®

Today, along with an absolute PSA value,
other PSA derivatives such as PSA density (PSAD;
PSA to prostate volume ratio), PSA velocity (rate
of increase of PSA value), age-specific PSA levels,
and PSA doubling time are also commonly used.
However, since no added advantage over PSA
alone has been effectively proven, these derivatives
have not yet completely replaced PSA.6 PSA
that is not bound to plasma proteins constitutes
freePSA (fPSA), which accounts for 5-35% of total
PSA. Ratio of fPSA to total PSA is referred to as
percentage free PSA, and is yet another predictor
of malignancy of theprostate.’

Apart from these, a host of non-FDA
approved laboratory tests such as gene fusion tests
for urinary biomarkers, Mi-prostate score test,
detection of 4-methylacyl coenzyme A racemase
(AMACR) which is over-expressed in prostate
cancer, PTEN gene deletions, PC antigen 3 which
is over-expressed in prostate cancer, etc. are being
worked upon.”® However, these are yet to be
validated, and not widely available.® Therefore,
PSA measurement continues to be one of the
primary screening tools for prostate cancer. Digital
rectal examination (DRE) is a vital component of
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the examination of the prostate gland. A normal
PSA value does not rule out prostate cancer. It
has been observed that men with a normal PSA
value but an abnormal DRE have been diagnosed
with carcinomaprostate.'® This study was done to
investigate the correlation of fPSA, percentage
fPSA, and PSAD, with prostate biopsy findings,
and the role of DRE in screening for carcinoma
prostate.

MATERIALS AND METHODS

The study was conducted at a tertiary care
hospital in Coastal Kerala catering a wide variety
of both urban and rural patients, over a period of
18 months from 2017 to 2018. This was a cross-
sectional, correlational study, and based on past
studies, the sample size was calculated to be 100
patients.'" All patients in the age group of 45-75
years, with lower urinary tract symptoms, or those
with suspicious findings on DRE were included.
Patients with PSA in the range 4-10 ng/ml (both
inclusive) were also included. Patients diagnosed
with other malignant conditions, patients with
severe immunosuppression, severely ill patients
and those with painful a no rectal conditions, anal
stenosis, acute prostatitis, or known coagulopathies
were not included.

Study outline:
Digital Rectal Examination (DRE)

PSA level estimation (sample collected before
performing DRE)

Prostate volume determination by trans-
abdominal ultrasound

TRUS guided Tru-cut Biopsy

Histopathological Examination

Patients were chosen for the study, on the
basis of clinical history. Data collected included
demographic details of the patients, duration and
severity of symptoms (LUTS). If a patient with
LUTS symptoms satisfied the inclusion criteria,
and was ready to sign the informed consent form,
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a blood sample was collected for the estimation of
PSA and fPSA, before DRE was conducted. Then
a DRE was done after explaining the procedure to
the patient, and seeking his approval again. PSA
levels were estimated from the sample drawn and
percentage fPSA was calculated using the formula,
%fPSA = fPSA/tPSA x 100. A trans-abdominal
USG was done for the measurement of prostate
volume. Prostatic volume was measured using
ellipsoid formula, Volume = 0.52 x length x height
x width."? PSAD was calculated by the formula,
PSAD = PSA/prostatic volume. Finally, a TRUS
guided or finger guided Tru-cut Biopsy was done
under aseptic conditions and under antibiotic cover
for the purpose of histopathological examination.
Utmost care was taken so as to not injure the
neighbouring rectal mucosa or haemorrhoidal veins
while doing the procedure.
Analysis

The collected data was entered in
MS-Excel and analysis was done using SPSS,
versionl7.0. For qualitative data, statistical test
Chi square was done, and for quantitative data,
unpaired Student T-test and ANOVA was done;
wherever applicable, Fischer exact test was applied.
A p-value < 0.05 was considered as statistically
significant.

Table 1A. Baseline Characteristics of
Patients

Baseline Characteristics of Patients

Age (years) 62.87 (7.94)
Hemoglobin (gm/dl) 13.22 (1.02)
BMI (kg/m?) 25.04 (3.52)

All values expressed as Mean (2SD)
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Ethical considerations

The study was started after permission
from the institutional ethics committee (IEC) was
obtained. Patients were provided with a patient
information sheet in the language that they could
read and understand, and in case of patients
unable to read, an impartial witness was present.
Patients were assigned an identifier code. Personal
information like name, address, contact details
were not recorded.

RESULTS

As per the sample size calculated, data was
collected from 100 patients, and this was available
for analysis. Majority of the patients hailed from in
and around Cochin and Southern Kerala. Majority
of the patients belonged to middle to lower middle
class strata; no single occupation predominated.
Most of the patients were non-vegetarian.

As a whole study cohort, the mean age of
the patients was about 63 years, the mean BMI was
25.04 kg/m? and the mean haemoglobin (Hb) was
13.22 gm/dl. These baseline characteristics did not
vary significantly between the BPH and the prostate
cancer group, on applying the Chi-square test.

On digital rectal examination, of the 100
patients, 29 of the patients had a grade I gland of
which 20 were later found to be malignant, 26
patients had a grade II enlarged gland of which

Table 1B. Baseline Characteristics of Patients-
Benign vs Malignant

BPH Ca Prostate
Age (years) 62.59 (7.74) 63.26 (8.31)
Hemoglobin (gm/dl) 13.23 (0.92) 13.20 (1.16)
BMI (kg/m?) 25.06 (2.96) 25.00 (4.23)

Table 2. Age-wise Distribution of BPH and Ca Prostate

Age BPH Ca Prostate Total patients Percentage (%)
(years) n (%) n (%) in the age group in that age group
=100 BPH Ca Prostate
4555 13(22.03)  8(19.51) 21 61.90 38.10
56 - 65 26(44.07) 19(46.34) 45 57.78 42.22
66 - 75 20(33.90) 14(34.15) 34 58.82 41.18
Total 59 41 100 59 41
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15 were non-malignant, 43 patients had a grade
IIT enlargement of which 33 were non-malignant,
and only two patients had a grade IV enlarged non-
malignant gland. Application of the Chi-Square test
showed a significant difference between groups
with p value of 0.001.

Of'the 60 (60%) hard glands on palpation,
34 were later found to be malignant on biopsy,
and of the 40 glands that were firm on palpation,
33 were found to be non-malignant on biopsy.
Application of the Chi-Square test showed a
significant difference between groups with p value
of less than 0.001.

As per the study design, all patients
irrespective of the DRE findings went on to have
a prostate biopsy done. Of the 100 patients, 41
patients were found to have a prostatic malignancy,
and the rest of the patients had a benign enlargement
of the prostate gland. Majority of the patients
included were aged between 51 to 70 years of age.

Mean PSA in patients with BPH was
found to be 6.8 ng/ml whereas in patients with
prostate cancer, it was 7.4 ng/ml. However, the
difference between the groups was not found to be
statistically significant. Free PSA was estimated in
all patients, and percentage free PSA (%fPSA) was
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then calculated. Mean percentage fPSA was found
to be 23.76% in BPH, and 16.65% in Ca Prostate.
This difference was found to be statistically
significant.

A higher prostate volume was noted in
patients with BPH with a mean value of 69.2 cc,
whereas a smaller gland was noted in Ca prostate
with a mean value of 47.8 cc. This difference in size
between the groups was found to be statistically
significant. However, no statistical significance
was seen between the groups in the mean PSA
Density (PSAD), though it was higher in patients
with Ca prostate compared to those with a benign
enlargement.

Volume-wise distribution of the patients
based on prostate size meant all four patients who
had a large gland measuring more than 90 cc were
of a benign nature. Among the 44 patients who had
a gland with smaller volume of 30-50 cc, majority
of them had a malignant gland. Among the 29
patients who had a gland of 51-70 cc, 22 were found
to have a benign enlargement; so also, 21 patients
out of 23 who had a gland of 71-90cc had a benign
enlargement of the gland. Of the 100 patients, 68
had a PSAD of less than 0.15, of which 57 patients
had BPH and the rest had a malignant prostate

Table 3. PSA, %fPSA, Prostate Volume and PSAD Levels in Benign
and Malignant Prostate Diseases

Benign Malignant p value
PSA (ng/ml) 6.8 (1.2) 7.4 (0.94) 0.28
Percent fPSA (%) 23.76 (7.2) 16.65 (4.6) <0.05%*
Prostate volume (ml) 69.2 (16.5) 47.8 (10.5) <0.05%*
PSAD (ng/ml?) 0.104 (0.02) 0.16 (0.03) 0.851

All values expressed as Mean (2SD)

Independent samples t test, with Levene’s test for equality of variances: *=

significant, p< 0.05

Table 4A. Validity of PSAD in predicting Ca

Prostate
PSAD Biopsy
(ng/ml?)  Ca Prostate BPH Total
>0.15 30 2 32
<0.15 11 57 68

Total 41 59 100

Table 4B. Validity of Percentage free PSA in

predicting Ca Prostate
%fPSA Biopsy Total
Ca Prostate BPH
<15% 30 4 34
>15% 11 55 66
Total 41 59 100
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growth. the remaining patients had a PSAD more
than 0.15, of which majority of them (30 out of
32) had prostate malignancy, and only two patients
had a benign enlargement. The difference between
the groups was found to be highly significant on
applying the Chi Square test.

Validity of PSAD, Percentage free PSA and DRE
in predicting Ca Prostate

The following parameters were calculated
from the 2x2 table, based on the presence or
absence of malignancy, and PSAD values in either
of these disease states: Sensitivity = 73.17%,
Specificity= 96.61%, Positive Predictive Value =
93.75%, Negative Predictive value = 83.82%, False
Negative = 26.83%, False Positive = 3.38%

The patients were tested for fPSA from
which the percentage free PSA (%fPSA) was
calculated. It was noted that 34 patients had a value
less than 15%, of which majority of them had Ca
prostate (30 out of 34 patients). The remaining
66 patients had a higher level of %fPSA more
than 15%, of which majority of them (55 out of
66) had a benign enlargement of the prostate.
The following parameters were calculated from a
similar 2x2 table, based on the presence or absence
of malignancy, and percentage free PSA values in
either of these disease states: Sensitivity = 73.17%,
Specificity = 93.22%, Positive Predictive value =
88.24%, Negative Predictive Value = 83.33%, False
Negative = 26.82%, False Positive = 6.78%.

Similarly for DRE, the results showed:
Sensitivity = 82.9%, Specificity = 55.93%, Positive
Predictive value = 56.67%, Negative Predictive
Value = 82.5%, False Negative = 17.07 %, False
Positive = 44.06%

DISCUSSION

This study was conducted with the
objective of studying the correlation between
the levels of percentage free PSA and PSAD
with prostate biopsy findings, in the detection of
prostate cancer, and also to assess the role of DRE
in screening for carcinoma prostate. An attempt was
also made to study how much having a percentage
free PSA test done, could avoid unnecessary
prostate biopsies.

As most of the patients were non-
vegetarian. Hence, a correlation between diet and
occurrence of cancer could not be made. Studies
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in the past have shown that intake of cooked
red meat is associated with higher incidence of
advanced prostate cancer, while baked poultry was
inversely associated with the incidence of prostate
cancer.'*As a whole study cohort, the mean age
of the patients was about 63 years, the mean Body
Mass index (BMI) was 25.04 and the mean Hb
was 13.22 gm/dl. As the baseline characteristics
were matched, baseline differences that could
have played a confounding role in results was not
present.

The yield of any screening test refers to
the amount of previously unrecognised disease that
is identified and diagnosed following a screening
test. Limiting the screening test to be conducted
in high-risk population increases the yield of any
screening test, for example screening for prostate
cancer in men above 50 years of age would have a
higher yield than screening conducted in men over
40 years of age."”

Regarding DRE, a study among Irish
males who underwent a prostate biopsy despite
normal PSA values showed a suspicious in
67% patients, almost similar to our study. They
concluded that despite all the advances, DRE
could still be considered a very useful screening
tool for prostate cancer, and remains so in the
primary care setting.'A meta-analysis that included
fourteen studies to study the role of DRE as a
diagnostic tool for prostate cancer concluded that
though DRE had high specificity and negative
predictive value, the sensitivity and positive
predictive value were low. Hence DRE was not
solely enough to make any conclusion, and had
to be correlated with further procedures including
a biopsy.!” Another study found the positive
predictive value (PPV),sensitivity and specificity
of DRE for prostate cancer to be 67%, 66.7% and
88.6%respectively, with an accuracy of 82.8%.'%"
The predictive value of PSA in prostate cancer
has been found to be 20.6% in patients with PSA
between 4-10 ng/ml.?° It has been suggested that
predictive value of PSA in prostate cancer at a range
between 2-9 ng/ml is doubtful, as it may result in
unnecessary biopsies, or even over-diagnosis of
clinically insignificant cancer.?'

Regarding prostate volume, our results
similar to an observation made in an earlier study
which concluded that larger the prostate size,
lower was the chance of a positive biopsy report.
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Other studies have also concluded that in patients
whose PSA ranges from 2.0 — 9 ng/ml, a smaller
prostate volume is one of the strongest predictors of
carcinoma prostate. In fact, prostate volume scored
over PSA in predicting a positive biopsy.”2*

PSA density (PSAD) is a useful, widely
used PSA derivative, that helps make a better
clinical decision than PSA level, in patients with
a PSA level of 4.0 — 9.0 ng/ml, what is considered
as a “gray zone” in prostate cancer diagnosis.**
Earlier studies have found that the mean PSAD
values significantly differ between patients with
BPH and prostate cancer. At a cut-off value of 0.15,
the sensitivity was seen to be 81%, the specificity
was seen to be 69%, and false negative results in
patients with 4-9 ng/ml is 18.5%,* and has been
suggested that PSAD is superior to percentage
fPSA in predicting prostate cancer.”® A combination
of PSAD, DRE and PSA velocity was found to
predict prostate cancer better, and reduce the
number of unnecessary prostate biopsies.?®
Strengths & Limitations

Our study had certain strengths as well
as limitations. The hospital where this study was
conducted is a large, tertiary referral centre with
a high patient-load each day. Though there are
abundant population based studies on various
aspects of prostate cancer among Western and
African-American population, such studies among
the Indian population are scanty. Also, India itself
has multiple ethnicities, which could determine
the occurrence, prevalence, and progression
of any disease, including cancer. Digital rectal
examination was one of the parameters in our
study. There could be a degree of inter-examiner
variability with DRE, however this difference
would be present in almost all studies that involve
DRE. Yet, the concordance of examination findings
with biopsy findings and with previously reported
data is reassuring.

It is worthwhile to note that both PSAD
and %fPSA as screening tests, are more specific
than sensitive for prostate cancer, meaning both
tests would be helpful in correctly identifying
patients without prostate cancer, and, the percentage
of people without prostate cancer testing positive
with these screening tests would be low- this could
be useful in avoiding unnecessary prostate biopsies.
This is similar to an earlier study finding. %
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CONCLUSION

In our study, the percentage free PSA
(%fPSA) and prostate volume were found to
vary significantly between patients with BPH and
prostate cancer. At a cut off of 0.15, PSA density
was seen to significantly vary between patients
with BPH and prostate cancer. The PSAD could
correctly predict prostate cancer in 73.17% patients
with prostatecancer, with a predictive value of
93.75%.At a cut off of 15% (chosen based on
prior studies), %fPSA was seen to significantly
vary between patients with BPH and prostate
cancer. The sensitivity and specificity of %fPSA
were 73.17% and 93.22% respectively which
meant only 6.78% patients who did not have
carcinoma prostate, had a %fPSA less than15%.
Digital rectal examination varied significantly
between patients with benign enlargement and
those with malignancy. However, false positive rate
with DRE alone was 44.06%, hence DRE alone
cannot be used to make accurate clinical decision.
Yet, DRE continues to be a useful screening
technique as part of clinical examination to identify
patients who should undergo further screening
for prostate cancer such as PSA estimation, free
PSA estimation, and if required, a prostate biopsy.
Percentage fPSA could be a useful tool that can be
used to avoid unnecessary biopsies in patients with
a PSA range between 4.0 — 10.0 ng/ml.
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